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Abstract

Background: Adoptions of health behaviors are crucial for maintaining good health after type 2 diabetes mellitus (T2DM)
diagnoses. However, adherence to glucoregulating behaviors like regular exercise and balanced diet can be challenging, especially
for people living in lower-socioeconomic status (SES) communities. Providing cost-effective interventions that improve
self-management is important for improving quality of life and the sustainability of health care systems.

Objective: To evaluate a health coach intervention with and without the use of mobile phones to support health behavior change
in patients with type 2 diabetes.

Methods: In this noninferiority, pragmatic randomized controlled trial (RCT), patients from two primary care health centers in
Toronto, Canada, with type 2 diabetes and a glycated hemoglobin/hemoglobin A1c (HbA1c) level of ≥7.3% (56.3 mmol/mol)
were randomized to receive 6 months of health coaching with or without mobile phone monitoring support. We hypothesized
that both approaches would result in significant HbA1c reductions, although health coaching with mobile phone monitoring
would result in significantly larger effects. Participants were evaluated at baseline, 3 months, and 6 months. The primary outcome
was the change in HbA1c from baseline to 6 months (difference between and within groups). Other outcomes included weight,
waist circumference, body mass index (BMI), satisfaction with life, depression and anxiety (Hospital Anxiety and Depression
Scale [HADS]), positive and negative affect (Positive and Negative Affect Schedule [PANAS]), and quality of life (Short Form
Health Survey-12 [SF-12]).

Results: A total of 138 patients were randomized and 7 were excluded for a substudy; of the remaining 131, 67 were allocated
to the intervention group and 64 to the control group. Primary outcome data were available for 97 participants (74.0%). While
both groups reduced their HbA1c levels, there were no significant between-group differences in change of HbA1c at 6 months
using intention-to-treat (last observation carried forward [LOCF]) (P=.48) or per-protocol (P=.83) principles. However, the
intervention group did achieve an accelerated HbA1c reduction, leading to a significant between-group difference at 3 months
(P=.03). This difference was reduced at the 6-month follow-up as the control group continued to improve, achieving a reduction
of 0.81% (8.9 mmol/mol) (P=.001) compared with a reduction of 0.84% (9.2 mmol/mol)(P=.001) in the intervention group.
Intervention group participants also had significant decreases in weight (P=.006) and waist circumference (P=.01) while controls
did not. Both groups reported improvements in mood, satisfaction with life, and quality of life.

Conclusions: Health coaching with and without access to mobile technology appeared to improve glucoregulation and mental
health in a lower-SES, T2DM population. The accelerated improvement in the mobile phone group suggests the connectivity
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provided may more quickly improve adoption and adherence to health behaviors within a clinical diabetes management program.
Overall, health coaching in primary care appears to lead to significant benefits for patients from lower-SES communities with
poorly controlled type 2 diabetes.

Trial Registration: ClinicalTrials.gov NCT02036892; http://clinicaltrials.gov/ct2/show/NCT02036892 (Archived by WebCite
at http://www.webcitation.org/6b3cJYJOD)

(J Med Internet Res 2015;17(10):e224)   doi:10.2196/jmir.4871

KEYWORDS

diabetes mellitus, type 2; health coaching; mHealth; telehealth; randomized controlled trial; RCT

Introduction

Overview
The type 2 diabetes mellitus (T2DM) epidemic is an increasing
economic and personal health burden that could be
cost-effectively addressed with health coach (HC) interventions,
assisted by mobile phone technologies [1]. HC interventions
target health behavior changes aligned with self-determined
goals leading to improved physical and mental health outcomes
[2]. Chronic medical conditions are targeted when health
behaviors adopted by patients can significantly reduce risks of
worsened disease and disease complications [3].

Amid promising reports of computer and mobile phone-assisted
health interventions [4], a dearth of studies focus on which types
of personal interactions combine most effectively with current
technologies. Prior to this randomized controlled trial (RCT),
we codeveloped, with NexJ Systems Inc, mobile phone software
for logging health data (eg, blood glucose, blood pressure, mood,
energy, and pain) and related activities (eg, exercise, diet, and
stress) using secure, cloud-based storage. The software permits
innovative comonitoring of client behaviors (eg, photographing
meals) and transmission of reminder messages encouraging
activation and adherence. As the HC reviews participant
activities in real-time experience, these immediately responsive
communications can prevent relapse and/or assist relapse
recovery, as demonstrated in a pilot study [3].

Internet-based interventions have demonstrated significant
improvements in glucoregulation in T2DM patients, as
exemplified in a cluster RCT undertaken by Quinn et al (2011)
where 4 different intensity levels of Internet-based support were
compared; significant between-group differences in reduced
glycated hemoglobin/hemoglobin A1c (HbA1c) were found
when the most intense intervention (P<.001) was compared to
usual care. This intervention consisted mainly of automated
messages prompted by patient entries (eg, self-assessed blood
glucose) and the patients studied were all health insured, after
exclusion of the noninsured population that is often associated
with lower socioeconomic status (SES), higher T2DM
prevalence, and poorer glucose control [5,6]. In contrast, our
intervention included a high proportion of lower-SES patients
as all Ontario residents are able to access essential health
services free of charge via the Ontario Health Insurance Program
(OHIP). Our trial focused on supporting participants in
surmounting the additional challenges confronted by lower-SES
community residents, such as poor neighborhood walkability
[7] and elevated consumption of energy-dense/nutrient-poor

foods [8]. Failure to surmount these challenges often leads to
an increased longitudinal use of health care resources due to
more reactive use combined with poorer health status [9]. A
further contrast was that our study was based on assessing HC
interactions, with and without mobile phone-based support.

Another more recent trial compared a mobile phone-based,
self-management system with and without telephone-based
health coaching in improving HbA1c levels, with a usual care
control group. Both intervention groups accessed a mobile
phone-based self-management system that enabled users to track
blood glucose, diet, physical activity, and personal goals. The
most intensive intervention group received health coaching
delivered by a diabetes specialist nurse for the first 4 months
of the 12-month trial, with a total of five 20-minute phone
contacts. Results indicated no significant between-group or
within-group HbA1c differences [10]. The intensity of this HC
intervention—five 20-minute phone contacts—was considerably
lower than the levels applied in this study.

The importance of lowering HbA1c and improving
glucoregulation in T2DM patients cannot be overemphasized
as HbA1c is a robust indicator of complication risks and a
widely accepted tool for T2DM diagnosis [11]. Without proper
management, patients with T2DM are at increased risk for
debilitating complications, particularly stroke [12], neuropathy
leading to amputation and blindness [13], and death [14]. HbA1c
reductions have been associated with carbohydrate control [15],
vigorous exercise [16], and medication adherence [17].

While the economic pressures of funding interventions motivate
technological developments that can, in part or whole, replace
personal counseling interventions, studies that compare different
HC intensities combined with different technologies are
necessary to determine optimal proportions. The usefulness of
such studies is exemplified by Nundy et al (2013) who assessed
a mobile phone-based, automated text messaging and
counselling intervention with type 2 diabetes patients. In a
quasi-experimental, two-group, pre-/post-design, intervention
participants appeared to be 8.8% less costly during the 6-month
intervention, than during the 6 months preceding intervention
engagement. These participants also reduced their HbA1c by
0.7% leading to other potential longitudinal cost savings not
yet evaluated [18]. Because all were participants in the
University of Chicago employee health plan, relevant health
care costs were accessed and compared. Once again, our study
differs in that our sample included unemployed individuals who
would have been ineligible for the health plan which this
previous study relied on.
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The purpose of increasing the frequency and intensity of any
health behavior in T2DM patients is improved glucoregulation,
which directly and/or indirectly influences health-related quality
of life (HRQOL). It is important to assess HRQOL outcomes
independently through secondary RCT analyses, as
improvements in physical health that are not associated with
positive changes in quality of life are not likely to be sustainable.
We used the comparison analyses of this study and, additionally,
the qualitative analyses of semistructured interviews found in
a companion study [19].

Objective
Based on data from a previous pilot trial, this noninferiority
pragmatic RCT tested the effectiveness of a mobile phone-based
health coaching protocol, versus one without mobile phone
support, in reducing the HbA1c of patients with T2DM from a
lower-SES community.

Methods

Overview
This pragmatic RCT proceeded with a 1:1 allocation ratio.
Participants were recruited from 2 primary health clinics in
Toronto, Canada, between March 2012 and October 2013. The

populations served were from a lower-income neighborhood
(90% of participants) and a midlevel-SES community (10% of
participants). Patients were eligible for participation if diagnosed
with T2DM, if they had an HbA1c ≥ 7.3% (56.3 mmol/mol)
measured within 1 month of consent, and if they were under 70
years of age. Following pragmatic trial guidelines, there were
no additional exclusion criteria (eg, no exclusion of individuals
with psychiatric diagnoses). All study protocols were approved
by the Research Ethics Boards at York University, North York
Family Health Team, and North York General Hospital. This
RCT was registered with ClinicalTrials.gov (NCT02036892)
and reported following CONSORT-EHEALTH statement
guidelines [20].

Recruitment was undertaken through phone contacts with
eligible individuals identified via clinic electronic medical
records. Additional recruitment assistance was obtained from
associated diabetes education programs, primary care physicians,
and locally practicing endocrinologists.

When participants agreed to an initial meeting to discuss the
study, their HbA1c findings were verified, the study protocol
was explained, and informed consent was obtained. Eligible
patients then completed demographic and psychometric
questionnaires and were randomized. Table 1 shows the baseline
characteristics of the participants.
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Table 1. Baseline characteristics (as per study protocol).

Control croup (n=49), mean

(SD) or n (%)a
Intervention group (n=48), mean (SD)

or n (%)a
Whole sample (n=97), mean

(SD) or n (%)aBaseline characteristics

53.3 (11.9)53.1 (10.9)53.2 (11.3)Age in years, mean (SD)

Location, n (%)

44 (90)46 (96)90 (93)Site #1: BCCHCb

5 (10)2 (4)7 (7)Site #2: NYFHTc

Gender, n (%)

10 (20)17 (35)27 (28)Male

39 (80)31 (65)70 (72)Female

Ethnicity, n (%)

1 (2)0 (0)1 (1)First Nations

2 (4)3 (6)5 (5)Black: African

20 (41)19 (40)39 (40)Black: Caribbean

14 (29)12 (25)26 (27)Caucasian

5 (10)4 (8)9 (9)Hispanic

1 (2)3 (6)4 (4)South Asian

2 (4)2 (4)4 (4)South East Asian

3 (6)3 (6)6 (6)West Indian

1 (2)2 (4)3 (3)Other

Highest education level achieved, n
(%)

12 (24)10 (21)22 (23)Less than high school

18 (37)17 (35)35 (36)High school diploma

14 (29)11 (23)25 (26)College or vocational training

4 (8)8 (17)12 (12)University degree

1 (2)2 (4)3 (3)Not disclosed

Employment, n (%)

19 (39)16 (33)35 (36)Unemployed

1 (2)3 (6)4 (4)Student

5 (10)1 (2)6 (6)Part time

12 (25)13 (27)25 (26)Full time

5 (10)6 (13)11 (11)Retired

3 (6)6 (13)9 (9)Self-employed

2 (4)2 (4)4 (4)Work in home (eg, take care of
children)

2 (4)1 (2)3 (3)Not disclosed

Income in Can $, n (%)

12 (25)9 (19)21 (22)$0-$9999

13 (27)10 (21)23 (24)$10,000-$25,000

8 (16)12 (25)20 (21)$25,000-$50,000

6 (12)3 (6)9 (9)$50,000-$75,000

1 (2)4 (8)5 (5)$75,000 and higher

2 (4)10 (21)19 (20)Not disclosed
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Control croup (n=49), mean

(SD) or n (%)a
Intervention group (n=48), mean (SD)

or n (%)a
Whole sample (n=97), mean

(SD) or n (%)aBaseline characteristics

Car access, n (%)

16 (33)19 (40)35 (36)Owns a car

3 (6)9 (19)12 (12)Has access to car

29 (59)19 (40)48 (50)No access to car

1 (2)1 (2)2 (2)Not disclosed

aPercentages may not add up to 100% due to rounding.
bBlack Creek Community Health Centre (BCCHC).
cNorth York Family Health Team (NYFHT).

Intervention
The HC intervention extended for 6 months from the date of
consent (Figure 1) following a behavior-change curriculum
designed by 2 study authors (PR and NW) at York University
that incorporated feedback from the prior pilot study [3]. In the
intervention, a health coach was defined as a behavior-change
counselling specialist with expertise in chronic disease
management and evidence-based theory adapted for disease
state, SES, and ethnocultural backgrounds. With HC assistance,
clients determined health-related goals and monitored daily
progress. The HC comonitored the client’s mobile phone input
and directed immediate attention (on a 24-hour/day and
7-day/week basis) to episodes of desirable progress, relapse,
and resistance. The HC protocol has been manualized,
emphasizing those situations observed to frequently arise when
behavior change is addressed in T2DM-affected individuals.

Eligible participants were randomized to the respective study
groups (with and without mobile phone support), with HCs in
both groups guiding participants in planning and reaching health
targets aimed at reducing HbA1c. Efforts focused primarily on
increasing exercise (frequency, duration, intensity) and
modifying diet to reduce carbohydrate intake. Additional goals
emphasized stress management, medication adherence, and

effective communication with primary care physicians and,
generally, within the health system.

Six HCs intervened with experimental and control group
participants. These individuals held bachelor’s degrees in
kinesiology and health science and/or were graduate students
in the School of Kinesiology and Health Science at York
University. Five HCs were certified exercise physiologists and
one was a certified personal trainer, all certified by the Canadian
Society for Exercise Physiology (CSEP). All attended weekly
seminars prior to and throughout the trial where they received
training in the HC curriculum by the lead investigator (PR).
HCs also participated in weekly team meetings led by the study
coordinator (NW) where they discussed applications of behavior
theory in specific strategies for each participant.

The Black Creek Community Health Centre (BCCHC)
concurrently provided the Exercise Education Program (EEP)
to all community members (free of charge) that featured exercise
prescription, monitoring, and adherence support. Participants
were monitored on both an individual and group basis by trainers
during exercise sessions and patients with T2DM were provided
with special blood glucose testing before and after each exercise
session. The program included group exercise classes, resistance
training with weights and bands, and cardiovascular exercise
using a treadmill and stationary bicycles. Both intervention and
control group participants had EEP access for the trial duration.
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Figure 1. Experimental design and timing of data collection.

Intervention Group
The intervention group was provided with a Samsung Galaxy
Ace II mobile phone running Google Android Ice Cream
Sandwich (Android 4.0.2) for the study intervention period,
with a data-only carrier plan. They were also provided a user
account with the Connected Wellness Platform (CWP) provided
by NexJ Systems, Inc [21], which supported participants in
health-related goal setting and progress monitoring. Participants
could track key metrics, notably blood glucose levels (Figure
2), exercise frequency/duration/intensity (Figure 3), food intake
(via photo journaling) (Figure 4), and mood (Figure 5). They
could communicate with their health coach at any time in the
24-hour cycle via secure messaging, scheduled phone contact,

and/or during in-person meetings. The mean total contact (for
all these activities) was 38 minutes/week (SD 25). All health
data entered by participants into the CWP were immediately
visible to health coaches through a secure, Web-accessible
portal. Although participants were encouraged to use the system
daily, individual usage patterns varied. Participant data and
software-enabled communication required two-way,
certificate-based authentication and passwords that were stored
in encrypted columns. The CWP exceeds Canadian privacy
standards for software carrying health information. Based on
patient goals, HCs used the 24-hour/day logging function to
guide healthy lifestyle choices, while providing support when
clients diverged from intended health goals and routines.
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Figure 2. Screenshot of blood glucose tracker on the Connected Wellness Platform from NexJ Systems, Inc.

Figure 3. Screenshot of exercise tracker on the Connected Wellness Platform from NexJ Systems, Inc.
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Figure 4. Screenshot of food tracker on the Connected Wellness Platform from NexJ Systems, Inc.

Figure 5. Screenshot of mood tracker on the Connected Wellness Platform from NexJ Systems, Inc.
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Control Group
Control group participants received HC support in selecting and
progressing toward goals without access to a (study-provided)
mobile phone or the CWP software. Control group participants
accessed the EEP, as did the intervention group participants for
the study duration, in addition to in-person meetings and health
coach phone contacts.

Primary Outcome
The primary outcome was the difference between intervention
and control group means of HbA1c levels from baseline to 6
months. Intention-to-treat and per-protocol analyses were both
undertaken and are presented below. HbA1c levels were
assessed by physician requisition or, when unobtainable, by a
point-of-care HbA1c analyzer (Siemens DCA Vantage 3000)
which has met performance criteria in efficacy trials [22] and
has been employed in comparable research trials [10,23]. To
ensure consistency, the type of HbA1c collection at baseline
was the same at follow-up sessions. While the 3-month
assessment allowed an evaluation of trends, the 6-month
assessment was used as the primary outcome. Measures of blood
work were accepted within 4 weeks of the 3- and 6-month
measurement intervals providing flexibility for participant
schedules and physician requisitions.

Secondary Outcomes
Differences between HbA1c mean levels within groups were
also analyzed. Additional outcomes included anthropometric

measurements for weight (kg), body mass index (BMI) (kg/m2),
and waist circumference (cm) collected at baseline and 6-month
time points. Changes in psychometric assessments at baseline
and 6 months were analyzed using the Satisfaction with Life
Scale [24], the Hospital Anxiety and Depression Scale [25], the
Positive and Negative Affect Schedule [26], and the Short Form
Health Survey-12 (SF-12) [27]. All measures were obtained
on-site by research staff.

Sample Size
An a priori power calculation indicated that 48 participants were
needed per group to detect an estimated difference of HbA1c
of 0.65%, assuming a significance level of 5% (two-tailed), a
standard deviation of 1.4, and a statistical power of 80%. We
overenrolled to allow for attrition, setting our final recruitment
target at 65 participants per group.

Randomization
A random number sequence was generated using a random
number-generating program without constraints [28]. After the
sequence was generated by the research coordinator, a research
assistant with no connection to the trial sealed the sequence in
individual, opaque envelopes and numbered each based on

sequence generation. Once a candidate participant consented
and their HbA1c was verified as meeting the inclusion criteria,
the next envelope was opened (in sequence) to ascertain group
allocation, and the health coaching intervention commenced.
Patient and coach blinding was impossible as participants readily
identified receipt of a mobile phone with experimental group
participation and the absence of receipt with control group
participation.

Statistical Analysis
Data were double entered by 2 independent research assistants
to ensure accuracy. Baseline characteristics between intervention
and control groups were compared for differences using
independent samples t tests for continuous variables and
chi-square for dichotomous variables. Primary outcome
comparison was conducted with an independent samples t test
using per-protocol and intention-to-treat analyses (last
observation carried forward [LOCF]). Secondary outcome
comparisons were conducted solely using per-protocol
comparisons with a factorial repeated-measures analysis of
variance (ANOVA). Data were analyzed using SPSS 21.0 (IBM
Corp, Armonk, NY, USA).

Results

Overview
Between March 2012 and October 2013, 138 participants were
recruited; 67 were randomized to the experimental arm and 64
to the control arm (7 were excluded for substudy analysis) as
seen in the CONSORT diagram (Figure 6). A majority of
participants (57/97, 59%) had not completed postsecondary
education and 35 out of 97 (36%) were unemployed, while a
total of 64 out of 97 (66%) reported household incomes of Can
$50,000 or less. A majority of participants were recruited from
Site Number 1 (90/97, 93%) and were female (70/97, 72%). Of
the 131 participants included in the study, there were 34
dropouts (26%), with 19 out of 67 (28%) from the intervention
group and 15 out of 64 (23%) from the control group.
Independent samples t tests indicated no statistically significant
differences between dropouts and trial completers for HbA1c
or for demographic variables. Final per-protocol analysis
included 97 participants out of 131 (74%), with 48 in the
intervention group and 49 in the control group. Of the measures
collected, differences at baseline between groups were only
detected for the SF-12 Mental Health Composite Scores. Of the
48 participants allocated to the mobile phone group, mobile
phone use data indicated that 39 out of 48 participants (81%)
used the CWP with consistency to communicate with their
health coach and track various health measures (eg, blood
glucose, food, and/or exercise).
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Figure 6. Flowchart of enrollment.

Hemoglobin A1c
Independent samples t tests indicated no significant
between-group differences in HbA1c from baseline to 6 months

when analyzed with intention-to-treat (P=.48) and per-protocol
(P=.83) principles (Table 2).

Table 2. Independent samples t test measuring differences in HbA1c levels from baseline to 6 months.

P (two-tailed)DifferenceControl group,

mean (SD)

Intervention group,

mean (SD)

nType of analysis

.830.055-0.759 (1.390)-0.815 (1.050)97HbA1c: per protocol

.480.152-0.974 (1.400)-0.642 (1.040)131HbA1c: intention to treat

Results from a repeated-measures ANOVA indicated trends for
between-group HbA1c differences in a per-protocol
analysis—F1,89=3.022, P=.09 (Table 3).

Table 3. Between-group analysis of variance measuring differences in HbA1c levels.

Partial eta squaredPF 1,89Mean squaredfType II sum of squaresnType of analysis

.034.093.0023.00413.00497HbA1c: per protocol

.009.291.1421.46311.463131HbA1c: intention to treat
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These differences reflected significant HbA1c within-group
reductions from baseline to 6 months in the intervention
group—0.84% (9.2 mmol/mol), 95% CI 0.46-1.17; P=.001—and
in the control group—0.81% (8.9 mmol/mol), 95% CI 0.41-1.11;

P=.001—(Table 4), and a significantly greater reduction for the
intervention group versus the control group at the 3-month
follow-up (P=.03; Table 5).

Table 4. Change in HbA1c levels by group.

Control groupIntervention groupMeasurement time point

Total value

(mmol/mol)

Mean % (SD or 95%
CI)

nTotal value

(mmol/mol)

Mean % (SD or 95%
CI)

n

HbA1c included in t test (n=97)

73.78.89 (1.30)4971.58.69 (1.32)48Baseline, mean (SD)

65.48.13 (1.27)4962.67.88 (1.17)486 months, mean (SD)

8.30.76 (0.41-1.11)a498.90.82 (0.46-1.17)a48
Change from baseline to 6 months, mean
(95% CI)

HbA1c included in ANOVA b (n=89)

73.68.88 (1.32)4470.58.60 (1.19)45Baseline, mean (SD)

66.88.26 (1.16)4461.17.74 (1.06)453 months, mean (SD)

64.78.07 (1.29)4461.37.76 (1.00)456 months, mean (SD)

6.80.62 (0.23-1.03)a449.40.86 (0.47-1.26)a45
Change from baseline to 3 months, mean
(95% CI)

8.90.81 (0.34-1.28)a449.20.84 (0.38-1.26)a45
Change from baseline to 6 months, mean
(95% CI)

aSignificant at the P=.001 level.
bAnalysis of variance (ANOVA).

A data discrepancy was detected during the repeated-measures
ANOVA as 3 participants in the intervention group and 5 in the
control group were not assessed at 3 months but were evaluated
at 6 months. They had either refused the 3-month testing or
their family physicians failed to provide their test results.
Subsequent t tests indicated a lesser reduction in HbA1c
(baseline to 6 months) for the controls lacking the 3-month data

versus completers (P=.03). There were no differences in HbA1c
(baseline to 6 months) for intervention participants lacking
3-month data versus those with complete data. Furthermore, no
significant differences were found in baseline HbA1c levels for
either intervention or controls participants with or without a
3-month HbA1c measure.

Table 5. HbA1c values for participants with and without 3-month measurements.

Control groupIntervention groupMeasurement

P3-month measure present
(n=44)

3-month measure absent
(n=5)

P3-month measure present
(n=45)

3-month measure absent
(n=3)

.958.88 (1.33)8.92 (1.19).478.60 (1.19)9.97 (2.64)Baseline HbA1c, mean %
(SD)

73.67470.585.5Total HbA1c value
(mmol/mol)

.03-0.81 (1.45)-0.28 (0.19).47-0.84 (1.08)-0.40 (0.46)Change in HbA1c

(6 month-baseline),

mean % (SD)

Table 6 shows that the HbA1c trend differences indicated with
the repeated-measures ANOVA—F1,89=3.022, P=.09—were
due to the greater reduction of HbA1c at 3 months in the

intervention versus control group. This between-group difference
disappeared at 6 months with gains in the control group, and
no further gains in the intervention group.
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Table 6. Time-point comparison of HbA1c levels for intervention versus control groups.

PBetween-group difference of % HbA1c (95% CI)Time point

.300.280 (-0.250 to 0.810)Baseline

.030.515 (0.500 to 0.990)3 months

.210.308 (-0.180 to 0.800)6 months

Secondary Outcomes: Body Composition
We detected significant reductions in body weight (1.22 kg,
95% CI 0.35-2.08; P=.006) and waist circumference (2.23 cm,
95% CI 0.53-3.93; P=.01) in the intervention group, while the
control group had no change. There were no significant changes
in BMI in either group (Table 7).

Secondary Outcomes: Psychometric Questionnaires
A significant number of trial completers chose not to complete
psychometric questionnaires at follow-up, resulting in their
baseline outcomes being omitted from additional analyses (Table
7). Comparison of the baseline psychometric outcomes of
completers and noncompleters indicated no significant
differences.

Within-group, pre/post improvements in life satisfaction were
detected in the intervention (+3.72, 95% CI 1.50-5.94; P=.001)
and control groups (+3.77, 95% CI 1.30-6.24; P=.003)
(Satisfaction with Life Scale). Similar improvements for both
intervention and control groups were detected in the Hospital
Anxiety and Depression Scale (HADS) depression subscale
(-1.81, 95% CI -2.81 to -0.81; P=.001; -1.70, 95% CI -2.73 to
-0.67; P=.002), and the Physical Composite Score of the SF-12
(+2.69, 95% CI 0.21-5.17; P=.03; +2.92, 95% CI 0.24-5.60;
P=.03) (Table 7), although the control group demonstrated a
significantly reduced HADS anxiety subscale score (-1.50, 95%
CI -2.73 to -0.27; P=.02), while the intervention group did not
(-1.12, 95% CI -2.29 to 0.05; P=.06) (Table 7). Significant
between-group differences were found at the 6-month follow-up
for negative affect (negative affect subscale of the Positive and
Negative Affect Schedule [PANAS]) (+5.27, 95% CI 1.51-9.04;
P=.007) favoring the intervention group (Table 7).
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Table 7. Baseline, follow-up, and change values for all secondary outcomes.

PChange,

mean (95% CI)

6-month follow-up, mean (SD or
95% CI)

Baseline,

mean (SD or 95% CI)

nVariable by group

Weight (kg)

.006-1.22 (0.35-2.08)a92.44 (20.24)93.66 (20.23)41Intervention

.32+0.45 (-1.33 to 0.44)99.21 (24.77)98.76 (24.02)39Control

6.76 (-3.29 to 16.81)5.10 (-4.78 to 14.98)Difference between groups

.18.31P

Waist circumference (cm)

.01-2.23 (0.53-3.93)a109.88 (14.82)112.11 (14.50)40Intervention

.89+0.122 (-1.89 to 1.64)114.00 (18.12)113.88 (17.04)37Control

4.13 (-3.36 to 11.62)1.78 (-5.39 to 8.94)Difference between groups

.28.62P

Body mass index (kg/m 2 )

.35-0.21 (-0.24 to 0.66)33.53 (6.80)33.74 (6.70)39Intervention

.37-0.21 (-0.68 to 0.25)37.21 (8.22)37.00 (7.92)36Control

3.69 (0.22-7.15)a3.26 (-0.11 to 6.63)Difference between groups

.04.06P

Satisfaction with Life

.001+3.72 (1.50-5.94)b24.22 (6.33)20.50 (7.71)32Intervention

.003+3.77 (1.30-6.24)b21.81 (7.15)18.04 (7.01)26Control

-2.41 (-1.14 to 5.96)-2.46 (-1.46 to 6.38)Difference between groups

.18.21P

HADS c : anxiety subscale

.06-1.12 (-2.29 to 0.05)6.27 (4.18)7.39 (4.53)33Intervention

.02-1.50 (-2.73 to -0.27)a8.00 (5.06)9.50 (4.49)30Control

1.73 (-0.60 to 4.06)2.11 (-0.17 to 4.39)Difference between groups

.14.07P

HADS: depression subscale

.001-1.81 (-2.81 to -0.82)b4.44 (3.32)6.25 (3.99)32Intervention

.002-1.70 (-2.73 to -0.67)b6.07 (4.38)7.77 (4.06)30Control

1.63 (-0.34 to 3.60)1.52 (-0.53 to 3.56)Difference between groups

.10.14P

PANAS d : positive affect subscale

.22+1.60 (-1.00 to 4.20)36.03 (7.65)34.43 (8.46)30Intervention

.75+0.44 (-2.30 to 3.18)31.67 (9.71)31.22 (10.29)27Control

-4.37 (-0.25 to 8.98)-3.21 (-1.77 to 8.19)Difference between groups

.06.20P

PANAS: negative affect subscale

.16-2.03 (-4.87 to 0.80)14.55 (5.03)16.58 (7.85)31Intervention

.70-0.57 (-3.55 to 2.41)19.82 (9.04)20.39 (9.57)28Control

5.27 (1.51-9.04)a3.81 (-0.73 to 8.36)Difference between groups
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PChange,

mean (95% CI)

6-month follow-up, mean (SD or
95% CI)

Baseline,

mean (SD or 95% CI)

nVariable by group

.007.10P

SF-12 e : Physical Composite
Score

.03+2.69 (0.21-5.17)a45.57 (7.54)42.89 (8.69)34Intervention

.03+2.92 (0.24-5.60)a44.55 (10.89)41.63 (10.08)29Control

1.02 (-3.65 to 5.68)1.25 (-3.48 to 5.98)Difference between groups

.66.60P

SF-12: Mental Composite Score

.17+2.48 (-1.10 to 6.05)50.22 (10.29)47.74 (11.11)34Intervention

.15+2.82 (-1.05 to 6.69)44.50 (10.15)41.68 (11.82)29Control

5.72 (0.56-10.89)a6.06 (0.28-11.85)aDifference between groups

.03.04P

aThe change is significant, P<.05.
bThe change is significant, P<.005.
cHospital Anxiety and Depression Scale (HADS).
dPositive and Negative Affect Schedule (PANAS).
eShort Form Health Survey-12 (SF-12).

Discussion

Principal Findings
Personalized health coaching with and without the provisions
of mobile phone and related software support was assessed in
a predominantly lower-SES population with poorly controlled
T2DM. A total of 45% of participants reported household
incomes of Can $25,000 or less, qualifying them as living at or
beneath the Canada poverty line [29], while an additional 20.9%
of participants reported household incomes between Can
$25,000 and Can $50,000. Our findings suggest clinically
significant within-group reductions in HbA1c in both groups
but no significant between-group differences in HbA1c from
baseline to 6 months according to per-protocol (P=.83) and
intention-to-treat (LOCF) (P=.48) analyses.

There was, however, a significant between-group difference in
HbA1c at the 3-month time point (0.52%, P=.03) favoring the
mobile phone-assisted group, although this difference was not
statistically significant at 6 months because the control group’s
mean HbA1c reduction improved between 3 and 6 months while
the intervention group’s HbA1c level remained stable (Figure
7). This result indicates that clinically significant HbA1c
reductions occurred at a faster rate with HC and mobile phone
support than with solely HC support. The repeated-measures
ANOVA analysis of three time points was affected by missing
data; however, all missing control participants had no HbA1c
reductions, resulting in an increased mean difference in
remaining controls necessitating a larger effect size in the
experimental condition to reflect a significant difference.
Observed weight and waist circumference differences also
suggested comparative benefits for the mobile phone-assisted
group versus controls. These included significant reductions in

weight and waist circumference in the mobile phone group
which appeared to be related to the food photo-journaling
function of the CWP. By reviewing photographs of their meals,
participants could reflect on portion size and nutritional value
in discussion with the health coach. These photo-stimulated
"teachable moments" appeared to improve dietary choices more
than was evident in the health coach-only group. Those in the
mobile phone group also subjectively reported value in
photographing meals and recording glucose levels in response
to in-depth semistructured interviews [19]. Reductions in
negative affect are likely linked to intervention participants
feeling fundamentally connected in their health-focused program
as their mobile phone became a constant symbol of being able
to access a genuinely concerned person (24 hours a day/7 days
a week) whose sole purpose was to help address health concerns.
This feeling of health coach connectedness was a principal
theme in the qualitative analyses of participant interviews [19].

Lower-SES populations confront higher mortality risks than
equivalent higher-SES populations [6]. Due to a variety of
challenges to health maintenance, individuals from lower-SES
communities have poorer health status and use health care
services more reactively [9]. They are also more likely to suffer
from mental health conditions [30], but less likely to access
mental health service resources [31]. Our results indicate that
psychological well-being within the overall sample improved
from baseline to 6-month follow-up, specifically demonstrated
in outcomes on the Satisfaction with Life and the Hospital
Anxiety and Depression Scales. As both groups communicated
at least a once per week with their HCs, these interactions
appeared sufficient for improvements in self-reported mood.
Although differences in our primary outcome (HbA1c level)
were only trending toward significant between-group
differences, significant differences appeared in other markers
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of basic health (ie, weight and waist circumference), and in the
negative affect subscale of the PANAS. Once again, those who
used the mobile phone subjectively reported value in
photographing meals and recording blood glucose levels when
responding to in-depth semistructured interviews [19].

The Connected Wellness Platform enabled self-monitoring and
health coach interactions with intervention participants,
providing a cloud-based platform for mobile phone-based health
management. This system provided secure, two-way
communication between client and health coach, with mobile
phone data entry on relevant behaviors entered manually. While
the restriction to manual entry was not ideal, Bluetooth
functionality for glucometers and pedometers was not yet
integrated into the system during the trial. Other chronic disease
management systems with similar features have been tested for
usability and functionality. Notably, Martinez-Millana et al [32]
comprehensively tested a diabetes management system with 30
patients and assessed the speed accuracy of tracking with several
Bluetooth-enabled devices (ie, glucometers and pedometers)
and their performance with a variety of mobile phones and
network connections. Although we did not focus on the same
performance analysis criteria during this trial, the CWP went
through multiple upgrades during the pilot trial [3], ensuring
smoother functionality and a more refined user interface (Figures
2-5) for the RCT. Detailed user experience with the CWP was
collected using semistructured interviews and is reported in a
full-length article [19]. CWP-user data logs were also extracted
and analyzed with data mining methods to evaluate more finely
tuned associations between app use and clinical outcomes (in
a submitted manuscript).

Careful titrations of health coach interventions, typically
measured by the frequency and duration of patient-coach
interactions, are important elements in determining the optimal
HC contact for eliciting improved health at minimal cost. With
too little interaction, HC interventions risk insignificant or
unsustainable health improvements, while too much interaction
results in overly expensive implementation. As such, studies

using multiple intervention intensities are necessary to ultimately
determine appropriate contact level. Although we did not specify
a minimum-maximum intervention intensity during the trial
(providing weekly contact was maintained), the mean interaction
intensity was 38 min/week (SD 25). In both intervention and
control conditions, significant improvements in HbA1c levels
and psychological functioning were found. The mobile
technology appeared useful in engaging participants more
quickly such that significantly greater HbA1c reductions were
evident at 3 months (compared to controls), which may have
cost-effectiveness implications as these gains were stabilized
and evident at 6 months, although additional improvements in
controls ultimately erased the 3-month differences. While the
gains made at 3 months were sustained at 6 months (in the
intervention group), there is no evidence that gains made in
either group were sustained beyond the 6-month follow-up.

A unique feature of this study was the enhanced usual care that
at least partly explains gains achieved by both control and
intervention participants. The BCCHC site maintained a clinical
exercise program that was several yards from the primary care
physician and diabetes education team offices, symbolizing the
importance of exercise in health maintenance, while serving
patients in need. Moreover, the program provided T2DM
patients with education, exercise prescription, and monitoring,
which included the assessment of blood glucose levels before
and after every supervised exercise session. This supported
patients in recognizing the benefits of exercise in blood glucose
regulation, and helped encourage adoption of home-based
exercise programs. Since the HCs in this trial were all certified
exercise specialists (through the Canadian Society for Exercise
Physiology), exercise prescription was undertaken safely, with
no adverse events, according to the highest evidence-based
standards. A total of 23 intervention patients and 22 control
patients participated in the Exercise Education Program.
Although we might have included a control condition that did
not access the EEP, the EEP was adopted as usual care at
BCCHC and denial of access would have been unethical.
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Figure 7. HbA1c levels for the control and intervention groups over time.

Limitations
As with any behavioral intervention, motivations to participate
introduce potential biases as those who met inclusion criteria
but declined to participate represent an unstudied population.
This limits the generalizability of the intervention [33]. As well,
the comparison group received health coach support (without
mobile monitoring) as opposed to usual care. Not only did this
enable a more clear understanding of the effect of electronic
monitoring of health behavior on clinical outcomes, pilot trial
findings suggested a usual care control condition (ie, no health
coaching) would result in an unacceptably high attrition rate in
the controls. The lack of between-group differences at 6 months
may be due to other, more complex factors. For example, since
health coaches were randomly assigned to participants in both
arms, it is possible that more effort was expended in coaching
the mobile phone-assisted arm. However, since the effect size
of HbA1c reduction was similar across groups, this was unlikely.

Furthermore, there could have been bias in the opposite
direction, with health coaches expending more effort in assisting
the behavior change of control participants since these controls
did not have the support of the mobile phone interactions. Also,
although it would have been ideal to compare multiple glucose
measures (eg, random blood sugar, fasting blood sugar), it was
not possible at the participating sites. We were limited to reliable
access only to HbA1c blood tests. We recognize, with other
researchers, that glucose regulation is more complex than what
is solely indicated in HbA1c assessment.

Conclusions
Although this trial did not indicate a significant between-group
difference in improved glucoregulation, there were overall
clinical and statistically significant improvements in HbA1c for
participants in both health-coached groups. Given the pragmatic
trial design, our findings suggest health coaching in primary
care can improve the glucose management of poorly controlled
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T2DM in lower-SES community residents. It is evident that
using mobile phones to further connect patients to health coaches
and monitor health behaviors can lead to faster reductions in
HbA1c, which may have specific benefits for cost savings and
quality of life. Further research comparing health-coaching

interventions of different contact intensities, using wearable
biomonitoring devices, and using a true waitlist/control group
will help evaluate health coach intervention effectiveness, as
well as long-term adherence levels and cost/benefit results.
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Abstract

Background: There has been growing interest in using telehealth to increase access to parent-mediated interventions for children
with ASD. However, little is known about how parents engage with such programs.

Objective: This paper presents program engagement data from a pilot study comparing self-directed and therapist-assisted
versions of a novel telehealth-based parent-mediated intervention for young children with autism spectrum disorders (ASD).

Methods: Parents of young children with ASD were randomly assigned to receive a self-directed or therapist-assisted version
of ImPACT Online. Parent engagement and satisfaction with the different components of the program website were examined
using the program’s automated data collection and a post-treatment evaluation survey. We examined the relationship between
program engagement and changes in parent knowledge and implementation and participant characteristics associated with program
engagement.

Results: Of the 27 parent participants, the majority were female (26/27, 96%), married (22/27, 81%), with a college degree or
higher (15/27, 56%), and less than half were not employed outside of the home (10/27, 37%). The mean chronological age of the
child participants was 43.26 months, and the majority were male (19/27, 70%) and white (21/27, 78%). Most of the families
(19/27, 70%) resided in a rural or medically underserved area. Parents logged into the website an average of 46.85 times, spent
an average of 964.70 minutes on the site, and completed an average of 90.17% of the lesson learning activities. Participants in
the therapist-assisted group were more likely to engage with the website than those in the self-directed group: F2,24=17.65, P<.001.
In total, 85% of participants completed the program, with a significantly greater completion rate in the therapist-assisted group

(N=27): χ2
1=5.06, P=.03. Lesson learning activities were visited significantly more often than the supplemental activities (all

Ps<.05). Multiple regression controlling for pretreatment performance indicated that program completion (beta=.51, P=.02)
predicted post-treatment intervention knowledge, and program completion (beta=.43, P=.03) and group assignment (beta=-.37,
P=.045) predicted post-treatment intervention fidelity. Partial correlations indicated that parent depressive symptoms at pretreatment
were negatively associated with program completion (r=-.40, P=.04), but other key parent and child demographic factors were
not. Post-treatment measures of website usability (r=.65, P<.001), treatment acceptability (r=.58, P=.002), and overall satisfaction
(r=.58, P=.002) were all related to program completion.
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Conclusions: Parent engagement and satisfaction with ImPACT Online was high for both self-directed and therapist-assisted
versions of the program, although therapist assistance increased engagement. Program completion was associated with parent
outcomes, providing support for the role of the website in parent learning. This program has the potential to increase access to
parent-mediated intervention for families of children with ASD.

(J Med Internet Res 2015;17(10):e227)   doi:10.2196/jmir.4913

KEYWORDS

autism; telehealth; parent training

Introduction

The past 20 years have seen a dramatic increase in the
proliferation of telehealth—the delivery of health and mental
health information via the Internet and related technologies.
There are numerous potential advantages of the use of telehealth
to augment or even replace traditional service delivery models.
Perhaps most appealing is its potential to increase access to
evidence-based interventions for individuals living in rural and
underserved areas at a significantly reduced cost [1]. Such
programs have been shown to greatly improve care for patients
with chronic diseases, such as diabetes, heart disease, and
asthma [2-4], and increase access to evidence-based health
promotion [5-7], psychological [8-10], and parenting
interventions [11]. Patients are often very satisfied with the care
they receive through telehealth services [12,13], and both
efficacy and effectiveness trials have found moderate to large
effects of telehealth interventions on participant knowledge and
behavior [14-16].

Telehealth’s ability to increase access to services in a cost
effective manner [1] indicates that it may be an attractive option
for the treatment of autism spectrum disorders (ASDs). Given
that children with ASD experience significant difficulties
accessing traditional services [17] and that the prevalence rate
of ASD has increased significantly in the past 15 years [18],
alternative service delivery models are necessary in order to
provide this unique population with sufficient treatment options.
Indeed, survey-based studies have indicated that approximately
one third of children with ASD have problems obtaining
specialty care [19], and approximately 40% experience
difficulties accessing desired services more generally [20].
Difficulty accessing services is compounded for children with
ASD from underserved areas [21] and those belonging to racial
and ethnic minority families [17,20].

There has been growing interest in the use of telehealth for
delivering parent-mediated interventions for children with ASDs
[22-26]. Children with ASD experience pervasive deficits in
social communication and the presence of restricted and
repetitive behaviors [27], which can significantly impact the
quality of life of the child and family [28-30]. Parent-mediated
intervention, in which the parent is trained to use intervention
techniques directly with their child, has been widely recognized
as a critical component of effective autism intervention [31,32].
Research indicates that parents can learn to use evidence-based
intervention techniques with fidelity [33-36], and parent use of
the techniques results in improvements in child skills and
behavior [34,37]. Further, parent-mediated intervention is
associated with improvements in family quality of life [38,39].

Despite its benefits, parent-mediated intervention is highly
under-utilized in community settings [40]. Barriers include a
shortage of trained professionals, lengthy waitlists, limited
financial resources and transportation, lack of child care,
geographic isolation, and time limitations [41-43], many of
which are compounded in families who live in rural and
underserved areas [44].

Although the evidence base at this point is very limited, several
quasi-experimental and single-case design studies have
demonstrated the potential of telehealth to deliver
parent-mediated intervention for children with ASD. Parents
generally find such programs to be acceptable [26], and program
use is associated with gains in parent knowledge [45-48] and
use of evidence-based intervention procedures [26,36,49].
Importantly, there is also emerging evidence for improvement
in child social communication skills as a result of parent use of
such programs [23,36,49].

These studies are encouraging and suggest that telehealth, should
it prove efficacious in larger trials, may be an effective method
for increasing access to parent-mediated interventions for
families of children with ASD. However, there is very little
known about factors that influence parent engagement with such
programs. For example, it is not clear what types of parents
choose to enroll in telehealth-based parent-mediated intervention
programs and whether they are different from parents who enroll
in traditional parent-mediated intervention programs. It is also
unclear whether specific supports provided during the program
influence program engagement. Several studies have suggested
that therapist assistance can positively influence participant
engagement with cognitive-behavioral therapy (CBT)-based
telehealth interventions for mood and anxiety [10], and remote
coaching by a therapist after participation in a self-directed,
telehealth-based parent-mediated intervention was shown to
improve parents’ ability to implement an imitation intervention
with their child with ASD [26]. However, the role of therapist
assistance in promoting program engagement with
telehealth-based parent-mediated intervention programs for
ASD is unknown. Further, although research has indicated that
parent participation in such programs is associated with gains
in parent knowledge and skill use [23,50], additional research
is needed to examine to what extent parent engagement with
the website used to deliver programs is related to these important
parent outcomes.

Finally, little is known about parent and/or child characteristics
that are associated with program engagement in telehealth-based
parent-mediated intervention. Across a range of health
information technologies, participants’ computer/Internet
self-efficacy, as well as the perceived usefulness and ease of
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use of the technology have been associated with technological
acceptance [51], suggesting that these factors may influence
parents’ participation in telehealth-based parent-mediated
intervention programs. However, the majority of these studies
examined behavioral intention or self-reported use, rather than
actual use or engagement with the technology, and studies that
have used objective measures of program use have sometimes
failed to find a relationship with these variables [52,53].
Treatment acceptability, or the degree to which consumers view
an intervention as appropriate, fair, and reasonable for the
presenting problem [54], has been associated with client
engagement in both behavioral and medical treatments [55,56];
however, little research has examined the relationship between
treatment acceptability and engagement in telehealth-based
interventions [57]. Sociodemographic factors, such as age,
gender, race/ethnicity, marital status, education, and
employment, have often failed to emerge as consistent predictors
of engagement in telehealth programs more broadly [51]. At
the same time, these factors have been found to influence
engagement in traditional parent-mediated intervention
programs, with lower socioeconomic status and maternal mental
health problems being particularly salient predictors of dropout
[58]. It is not yet known whether these same characteristics
apply to telehealth-based parent-mediated intervention for
children with ASD. This is a particularly important area to
examine, given that lower socioeconomic status is associated
with significantly poorer access to services for children with
ASD [17,21].

In this paper, we present data about program engagement from
a pilot study of ImPACT Online, a telehealth-based
parent-mediated intervention for young children with ASD.
Specifically, we examined (1) the demographics of parent and
child participants who enrolled in the program, (2) the overall
level of program engagement among parents of children with
ASD, the components of the website that parents used most and
least often, and parents’ perceptions of the usefulness of the
different program components, (3) whether therapist assistance
influenced engagement with or perceived usefulness of the
program, (4) whether parent engagement with the website was
associated with changes in parent intervention knowledge and

intervention fidelity, and (5) whether pretreatment participant
characteristics (parent computer/Internet fluency, parent
depressive symptoms, family demographics, child severity)
and/or parents’ experience with the program (website usability,
treatment acceptability, overall satisfaction) were associated
with greater engagement with the website.

Methods

Participants
Participants included 28 parents of a child with ASD between
the ages of 27 and 73 months. Participating families were
recruited from agencies serving children with ASD (eg, early
intervention programs, diagnostic centers, parent support groups)
and online. Recruitment focused on underserved communities
as defined by residence in a rural (based on the United States
Department of Agriculture Rural Development designation)
and/or medically underserved area/provider shortage area (based
on the Health Resources and Services Administration medically
underserved area and population designation). All children met
criteria for Autistic Disorder or Pervasive Developmental
Disorder, Not Otherwise Specified based on the Diagnostic and
Statistical Manual – 4th Edition, text revision (DSM-IV-TR)
criteria [59] and the Autism Diagnostic Observation Schedule,
generic or 2nd edition (ADOS-G/ADOS-2) [60]. Parents had
to be proficient in English, although other languages could be
spoken in the home. For two-parent households, both parents
were able to use the online tutorial if they wanted; however,
only 1 parent participated in data collection and received online
coaching (for the therapist-assisted group).

Families without a personal computer, webcam, or high-speed
Internet in the home were provided the required technology.
One family suspended treatment for 7 months in the middle of
the program due to a significant health problem. This family’s
data were excluded from analysis as their pre-post data were
not comparable to the other families’, yielding a total of 27
participants. All parents gave informed consent for their own
and their child’s participation under the oversight of Michigan
State University’s Human Research Protections Program. Table
1 presents participant characteristics by group.
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Table 1. Participant demographic information.

P valueTest statisticGroupOverall

Therapist-assistedSelf-directed

Parent characteristics

.29a1.12a1009296Gender (% female)

.34a0.90a644656Education level (% college degree)

.16a1.95a719281Marital status (% married)

.42a0.65a294637Employment status (% not employed)

.47a0.52a647770Residence in underserved area, %

.62b0.50b36.00 (3.89)35.09 (4.76)35.57 (4.25)Computer/Internet self-efficacy (CEWFS)

.70b0.39b11.50 (9.52)10.23 (6.98)10.89 (8.26)Depressive symptoms (CES-D)

Child characteristics

.33a0.94a796170Gender (% male)

.08a3.06a649278Race/Ethnicity (% white)

.48b-0.71b41.57 (12.24)46.08 (13.18)43.26 (12.58)Chronological age in months, mean (SD)

.80b-0.25b24.29 (9.38)25.42 (13.92)24.83 (11.57)Nonverbal mental age in months, mean (SD)

.53b0.63b21.64 (10.74)19.15 (9.63)20.44 (10.11)Verbal mental age in months, mean (SD)

 .99b0.007.00 (1.35)7.00 (1.87)7.00 (1.61)ADOS comparison score, mean (SD)

.76b-0.31b12.38 (9.70)13.62 (10.96)12.98 (10.15)Nonstudy intervention hrs/wk, mean (SD)

aChi square.
bt test.

Design Overview
Participating families provided demographic information and
completed a standardized battery of assessments of parent and
child functioning in the lab and family home at intake. Children
were matched on expressive language on the Mullen Scales of
Early Learning [61] and then randomly assigned to the
self-directed or therapist-assisted group using a coin flip. At
post-treatment, parents completed measures of parent learning,
a survey-based evaluation of ImPACT Online, along with other
measures of parent and child functioning (not presented here).

Interventions

Self-Directed Group

Parents assigned to the self-directed group received access to
the secure, password-protected ImPACT Online website for up
to 6 months. The program was adapted from Project ImPACT,
which is a naturalistic, developmental-behavioral,
parent-mediated intervention for young children with ASD [62].
The website contained 12 self-directed lessons, each of which
took approximately 80 minutes to complete. Parents were
encouraged to complete one lesson per week and to practice the
intervention techniques with their child between each lesson.
Each lesson included six learning activities that were designed
to be completed in order. The topic was introduced via a
Narrated Slideshow with embedded video clips of an expert
therapist or parent walking step-by-step through each technique

and providing tips for successful implementation. The same
information was elaborated on in a Written Manual that could
be printed for later reference. After each slideshow, parents
completed a Self-Check Quiz and short Interactive Exercises,
in which they viewed short video clips of adult-child interactions
and were asked to identify accurate use of the intervention
techniques. Parents were provided with immediate feedback on
their performance to facilitate learning. At the end of the lesson,
parents completed a Homework Plan in which they identified
child goals, activities in which they would practice, and how
they would implement the specific techniques within those
activities. After completing the homework plan, parents
responded to Reflection Questions that asked them to report
how they used the techniques, their child’s response, what
aspects went well, and what aspects were challenging.

Parents could also access supplemental material outside of the
weekly lessons. Supplemental material included a Video Library
that contained longer video examples of adults using all of the
intervention techniques together, a Resources page with links
to autism informational websites, and a moderated Forum that
allowed parents to share information with other parents. Parents
received weekly “Tip of the Week” emails that provided tips
for implementing the intervention techniques along with a link
to the program to encourage program use. Parents in the
self-directed group were able to contact project staff via phone
or email for assistance with technology-related problems (eg,
difficulty with logins, problems playing video) but were given
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no assistance or support in learning the intervention from project
staff outside of the self-directed website. See Multimedia
Appendix 1 for screenshots.

Therapist-Assisted Group

Parents assigned to the therapist-assisted group were given
access to the ImPACT Online website and were encouraged to
work through the program at the same pace as the self-directed
group. Parents also received two 30-minute remote coaching
sessions per week (24 total sessions) via Skype video
conferencing software by a trained therapist to assist them in
learning the intervention. Skype was selected as the primary
video conferencing software during the development phase of
the program based on feedback from focus groups with parents
and providers indicating that parents would be most comfortable
using Skype (over other available systems) based on its
simplicity and familiarity. Parents in this study were made aware
that Skype was not Health Insurance Portability and
Accountability Act (HIPAA)-compliant during the consent
process.

The first coaching session of the week involved the coach and
parent and was used to help clarify the content of the relevant
lesson and help the parent apply the information to their child.
The second coaching session of the week involved the coach,
parent, and child and was used to provide the parent with “live”
feedback on their use of the intervention techniques as they
practiced with their child.

Measures

Participant Characteristics

Parents provided demographic information about themselves
and their child at intake. Parent demographic variables included
gender, marital status, education level, employment status, and
residence in a rural and/or medical professional shortage area.
Child demographic variables included age, gender, and
race/ethnicity. Parents also provided information on the type
and hours per week of all nonstudy treatments (eg,
speech-language therapy, therapeutic preschool) their child
received. Children were administered the Mullen Scales of Early
Learning [61] by the study team to determine their
developmental age and the ADOS-G or ADOS-2 [60] to
determine autism severity.

Computer and Internet Fluency

Parents completed a modified version of the
Computer-Email-Web Fluency Scale (CEWFS) [63] at intake
to assess their comfort with computers and Internet technology.
Items such as (1) How frequently do you conduct a search using
an Internet search engine? and (2) How frequently do you send
or receive email? were rated on a 5-point scale from never (1)
to daily (5). In addition, parents were asked to indicate on a
7-point scale how many hours per week they used the Internet.
Scores could range from 8-42, with higher scores indicative of
greater fluency. Cronbach alpha for the modified scale was .70,
indicating adequate internal consistency. Data were missing on
the CEWFS for 4 participants.

Depressive Symptoms

Parents completed the Center for Epidemiological
Studies-Depression Scale (CES-D) [64] at intake as a measure
of depressive symptoms. Respondents used a 4-point scale to
rate how often they experienced 20 different symptoms of
depression over the past week, with higher scores indicating a
greater degree of depressive symptomatology.

Intervention Knowledge

Parents completed the ImPACT Knowledge Quiz. This 20-item,
multiple-choice quiz measures comprehension of the key
elements of Project ImPACT, at intake and post-treatment to
measure changes in their intervention knowledge. Data were
missing at post-treatment for one participant.

Intervention Fidelity

Parents were videotaped during a parent-child interaction in
their home at intake and post-treatment to measure changes in
their intervention fidelity. Parents were asked to play with their
child for 10 minutes and have a small snack or meal with their
child. Parent behavior was scored for correct use of the
intervention strategies using the Project ImPACT intervention
fidelity checklist [62]. Each of the six fidelity dimensions was
scored on a scale of 1 (Parent does not implement throughout
session) to 5 (Parent implements throughout session) and then
averaged to form an overall fidelity rating for each routine. The
fidelity dimensions included (1) Focus on your child, (2) Adjust
your communication, (3) Create opportunities for engagement,
(4) Teach your child new communication skills, (5) Teach your
child new play skills, and (6) Pace the interaction. Ratings for
the play and snack routines were averaged to form an overall
fidelity rating for each time point. Data were missing at
post-treatment for one participant.

Program Engagement

Program engagement was calculated from the ImPACT Online
website’s electronic tracking of user behavior. Several different
metrics of program engagement were calculated, including (1)
average number of logins to the site, (2) average duration of
time spent on the site across the intervention period, and (3)
program completion, which was defined as completion of at
least 75% of total learning activities across the 12 lessons (out
of a possible 71). In addition, we examined the average duration
of each login, the average number of days to program
completion, and the times of day when logins occurred.

To better understand how parents used the program, we
calculated the average number of visits made to each of the
lesson learning activities (slideshow, manual, self-check,
exercises, homework, reflection) and supplemental materials
(video library, resources, forum), as well as the percent of each
type of lesson learning activity completed.

Program Evaluation

At post-treatment, parents were asked to complete an evaluation
survey measuring treatment acceptability, website usability,
and overall program satisfaction. All items were rated using a
7-point Likert scale, with higher scores indicative of greater
satisfaction. Parents rated the acceptability of the treatment
using a 30-item questionnaire [65] adapted from the Treatment
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Evaluation Inventory [66] and the Behavior Intervention Rating
Scale [67]. Cronbach alpha for the treatment acceptability
measure was .93. Parents rated the usability of the website using
an 11-item questionnaire developed for this project. For this
measure, parents rated the perceived helpfulness of each
program component using the following statement: “The
[individual program component]s were helpful for learning the
ImPACT Online intervention”, as well as 3 additional items:
(1) “It was easy to find information on the program website,”
(2) “I used the website to complete the skills-training sessions,”
and (3) “I understood the audio and text information that was
presented.” Cronbach alpha for the website usability scale was
.81. The average of two additional items, (1) “I used the
intervention with my child regularly” and (2) “I would
recommend this program to other parents of young children
with social-communication difficulties, was used as a measure
of overall program satisfaction.”

Parents in the coaching group were also asked to rate the quality
of the therapist relationship using the following items: (1) “My
coach was interested in me,” (2) “My coach understood me,”
and (3) “My coach understood my child, and the perceived
helpfulness of (i) the weekly discussion sessions with the trainer,
(ii) the weekly coaching sessions with my child.”

Results

The data were examined for normality using visual analysis of
the data distributions and the inspection of the skewness
coefficient. All variables were found to be normally distributed
with the exception of overall satisfaction, which was subject to
ceiling effects. Thus, we used nonparametric tests
(Mann-Whitney U, Spearman rank correlation) for analyses
involving the overall satisfaction variable and parametric tests
for all other analyses.

Participant Characteristics
As shown in Table 1, the majority of parent participants were
female (26/27, 96%), married (22/27, 81%), with a college
degree or higher (18/27, 66%). Less than half of parents were
not employed outside of the home (10/27, 37%). The majority
of child participants were male (19/27, 70%) and white (19/27,
78%). The children’s mean chronological age was 43.26 months.
All children exhibited a significant developmental delay, with
an average nonverbal mental age of 24.83 and verbal mental
age of 20.44, and their average autism severity fell in high
moderate range. These characteristics are relatively typical of
families who participate in parent-mediated intervention studies
for young children with ASD [68]. Consistent with our effort
to recruit families in underserved areas, 70% (21/27) of our

sample resided in a rural or medical underserved area. Two
parents requested technology (2 needed a computer with
webcam and 1 needed high-speed Internet) in order to be able
to complete the program in their home. Scores on the CEWFS
ranged from 26 to 40, with average scores toward the upper end
of the scale (35.8), suggesting that most parents felt fluent with
computer and Internet technology. The majority of parents
reported using computers 10 or more hours per week, although
22% reported using computers 4 hours a week or less. Parents
reported that their children received a variety of different
intervention services (eg, special education, applied behavior
analysis, speech therapy, occupational therapy, play groups),
and the number of hours of nonstudy intervention they received
per week ranged from 0.5 to 38.5 hours. We used independent
sample t tests and chi-square tests as appropriate to examine
group difference on pretreatment characteristics. There were
no significant between-group differences on participant
characteristics at intake.

Program Engagement
As can be seen in Table 2, there was a high rate of program
engagement as measured by the various metrics. Parents logged
into the website an average of 46.85 times and spent an average
of 964.70 minutes on the site over the intervention period.
Eighty-five percent of parents (23/27) completed the program—a
completion rate that is similar to the traditional, in-person
version of the program [69]. Parents averaged 21.23 minutes
per login and took an average of 133.87 days to complete the
program. Parent logins were equally likely to occur throughout
the day (8-11 a.m.: 19.67%; 11 a.m.-2 p.m.: 15.90%; 2-5 p.m.:
19.28%) and evening (5-8 p.m.: 17.52%; 8-11 p.m.: 19.70%)].
Parents logins were significantly less likely in the early morning
(5-8 a.m.: 4.45%) and overnight (11 p.m.-5 a.m.: 3.48%). It
should be noted that almost half of all logins (45.19%) occurred
between 5 p.m. and 8 a.m., which are times of day when
traditional therapy is typically not available.

We examined group differences on the two continuous metrics
of program engagement (number of logins, duration on site)
using a multivariate analysis of variance (MANOVA), and
program completion using chi-square. There was a significant
effect of group on program engagement: F2,24=17.65, P<.001.
Follow-up tests revealed that the therapist-assisted group
demonstrated significantly greater program engagement on both
metrics than the self-directed group (see Table 2). The
therapist-assisted group was also significantly more likely to
complete the program than the self-directed group (N=27):

χ2
1=5.06, P=.03.
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Table 2. Program engagement.

P valueTest statisticTherapist-assisted, mean (SD)Self-directed, mean (SD)Overall,

mean (SD)

<.00134.6862.93 (15.55)29.54 (13.76)46.85 (22.30)Number of logins

.017.811203.94 (510.06)707.04 (402.41)964.70 (518.49)Duration of time on site

.035.061006985Participants completing program, %

.14-1.52124.42 (34.55)148.56 (41.17)133.87 (38.30)Days to completion

.11-1.6619.23 (7.66)23.38 (4.91)21.23 (6.70)Duration per login

Visits to lesson learning activities

.201.3219.79 (7.48)16.54 (4.99)18.22 (6.50)a1. Slideshows

.291.0725.86 (13.17)21.15 (9.02)23.59 (11.40)a2. Manual

.042.1616.29 (4.38)12.69 (4.25)14.56 (4.61)b3. Self-check

.012.7916.50 (4.50)11.62 (4.63)14.15 (5.11)b4. Exercises

.012.7040.71 (21.95)22.46 (10.85)31.93 (19.54)c5. Homework

.022.4324.57 (7.02)16.69 (9.69)20.78 (9.17)a6. Reflection

Visits to supplemental materials

.013.005.71 (3.81)2.23 (1.79)4.04 (3.45)d7. Video library

.740.342.00 (1.71)1.69 (2.90)1.85 (2.32)8. Resources

.58-0.562.14 (1.66)2.54 (2.03)2.33 (1.82)d9. Forum

aSignificantly greater than 3, 4, 7, 8, 9.
bSignificantly greater than 7, 8, 9.
cSignificantly greater than 1, 2, 3, 4, 6, 7, 8, 9.
dSignificantly greater than 8.

We then compared the average number of visits parents made
to each program component (ie, learning activities and
supplemental materials) using a mixed-model,
repeated-measures ANOVA with group as a between-subjects
variable and program component as a within-subjects variable.
There was a main effect of group (F1,25=241.86, P<.001)
favoring the therapist-assisted group, and a main effect of
program component (F8,200=57.66, P<.001). Follow-up paired
t tests indicated that parents were most likely to visit the
homework, followed by the reflection, manual, and slideshow,
and then the self-check and exercises. Parents visited each of
the lesson learning activities more often than the supplemental
materials (all Ps≤.05). There was also a significant group x
program component interaction. Follow-up independent samples
t tests indicated that the therapist-assisted group visited the
self-check, exercises, homework, reflection, and video library
significantly more than the self-directed group (all Ps<.05).
However, the groups did not differ in number of visits to the
slideshow, manual, resources, and forum.

The number of visits to each learning activity contained in the
lessons may be slightly misleading as a metric of engagement,
as the different activities may pull for a different number of
visits. For example, parents may only visit the self-check
questions once in order to assess their comprehension, whereas
they might return several times to the homework page in order
to complete or review their homework plan. Therefore, we also

examined the percent of learning activities that parents
completed, regardless of the number of visits that this took.
Again, there was a main effect of group (F1,25=4.37, P=.047)
favoring the therapist-assisted group, and a main effect of
learning activity (F5,125=3.33, P=.007). But there was not a
group x learning activity interaction (P>.05). Follow-up paired
t tests indicated that parents completed the reflection (mean
83.8%, SD 5.70%) significantly less often than each of the other
lesson learning activities (range 87.65-92.90%; all Ps<.05),
with the exception of the slideshow for which the difference
was marginal (P=.095). There was no difference in completion
rates between any of the other learning activities.

Program Evaluation
Parents rated the intervention content as highly acceptable (mean
6.07, SD 0.79) and the website as highly usable (mean 6.36,
SD 0.57). In addition, parents indicated that they were highly
satisfied with the program overall (mean 6.56, SD 0.71). The
therapist-assisted group rated the quality of the therapist
relationship uniformly highly (mean 6.99, SD 0.06). There were
no group differences on ratings of treatment acceptability
(t25=1.79, P=.09) or website usability (t25=1.28, P=.21). There
was a marginally significant group difference on parents’ rating
of overall program satisfaction, with parents in the
therapist-assisted group rating the program significantly higher
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(mean 6.86, SD 0.23) than those in the self-directed group (mean
6.23, SD 0.90; Z=1.92, P=.054).

Effect of Program Engagement on Parent Outcomes
Next, we examined the degree to which program engagement
was predictive of parent intervention knowledge and intervention
fidelity at post-treatment. We chose to focus on program
completion (ie, completion of at least 75% of all lesson learning
activities) because it is a conservative indicator of exposure to
program content across intervention delivery modalities [70].
For these analyses, we employed a series of linear regressions,
with parents’ intervention knowledge or intervention fidelity at
post-treatment as the dependent variable, and parents’
pretreatment score for the relevant measure, group assignment,
and program completion as independent variables.

The full model predicting parents’ post-treatment intervention
knowledge was statistically significant: F3,25=4.81, P=.01. After
controlling for pretreatment intervention knowledge, program
completion was a significant predictor of post-treatment
intervention knowledge: beta=.45, t=2.45, P=.02 (Table 3). This
finding suggests that regardless of group assignment, parents
who completed the program experienced more improvement in
their intervention knowledge from pre- to post-treatment. The
full model predicting parents’ post-treatment intervention
fidelity was also significant: F3,25=5.87, P=.004. After
controlling for pretreatment intervention fidelity, both group
assignment (beta=-.37, t=-2.12, P=.045) and program
completion (beta=.43, t=2.30, P=.03) were significant predictors
of intervention fidelity at post-treatment. This result indicates
that both therapist assistance and program completion make
independent contributions to gains in parents’ accurate use of
the intervention techniques with their child.

Table 3. Predictors of parent intervention knowledge and parent intervention fidelity at post.

Post-treatment performance

Parent fidelityParent knowledge

tBetatBetaPredictors

2.21a0.382.39a0.40Pretreatment performance

-2.12a-0.370.210.04Group assignment

2.30a0.432.81a0.51Program completion

aP<.05.

Predictors of Program Engagement
Finally, we examined the extent to which parent and child
demographic factors at pretreatment and parent program
evaluation variables at post-treatment were associated with
program engagement. Again, we focused on program completion
as our measure of program engagement. To do this, we
calculated partial correlations between participant demographic
variables at intake, program evaluation variables at
post-treatment, and program completion, controlling for group
assignment. Parent demographic variables included education
level (no college degree vs college degree or higher), marital
status (married vs not married), employment status (employed
full or part time vs not employed), residence in underserved
area, computer/Internet self-efficacy, and depressive symptoms.
We did not examine parent gender as there was only 1 male

parent participant. Child demographic variables included age,
gender, race/ethnicity (majority vs minority), developmental
quotient, autism severity (ADOS comparison score), and hours
of nonstudy intervention. Program evaluation measures included
treatment acceptability, website usability, and overall program
satisfaction.

Of all of the pretreatment parent and child demographic factors,
only parent depression was significantly associated with program
completion: r24=-.42, P=.04 (Table 4). Parents who rated
themselves higher in depressive symptoms at pretreatment were
significantly less likely to complete the program. All program
evaluation variables (treatment acceptability: r24=.58, P=.002;
website usability: r24=.65, P<.001; and overall program
satisfaction: r24=.58, P=.002) were significantly associated with
program completion.
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Table 4. Partial correlates of program completion controlling for group assignment.

Program completion

Parent

0.20Education level

-0.10Marital status

0.04Employment status

-0.24Residence in underserved area

0.16Computer/internet self-efficacy

-0.40aDepressive symptoms

Child

0.13Age

-0.12Gender

0.09Race/Ethnicity

0.10Developmental quotient

-0.15Autism severity

0.24Hours of nonstudy intervention

0.65cWebsite usability

0.58bTreatment acceptability

0.58bOverall program satisfaction

aP<.05.
bP<.01.
cP<.001.

Discussion

Principal Findings
In this study, we examined parent engagement with a novel,
telehealth-based parent-mediated intervention for children with
ASD. Overall findings indicated that parent engagement and
satisfaction with ImPACT Online was high for both self-directed
and therapist-assisted versions of the program, although therapist
assistance increased engagement. Parent outcomes were
associated with program completion, providing support for the
role of the website in parent learning.

Parents who enrolled in this study were quite similar to
participants in studies of traditional parent-mediated
interventions for children with ASD [68]. Like most of these
studies, the majority of our parent participants were married,
college-educated mothers who were not employed outside of
the home, and our child participants were white males, with a
moderate ASD and significant developmental delay. However,
unlike many previous studies, the majority of our sample lived
in a rural or medically underserved area or were a medically
underserved population. This suggests that telehealth-based
parent-mediated intervention appeals to similar families who
seek out traditional parent-mediated intervention (at least those
who are involved in research) and may be able increase access
to families in underserved areas. At the same time, there were
few very low socioeconomic status families in our sample, and
thus participation was not representative of the range of families

who could potentially benefit from this type of intervention.
Thus, future research should examine the potential reach of
telehealth-based parent-mediated intervention in the population
of families of young children with ASD as well as the
representativeness of parents who enroll in these interventions.

We found high rates of program engagement among parents,
with overall completion rates similar to those found in studies
of traditional parent-mediated intervention programs for children
with ASD [71,72]. Parents also rated the program very highly
in terms of the acceptability of the treatment, the usability of
the website, overall satisfaction with the program, and the
quality of the therapist relationship (for the therapist-assisted
group). Many of the parents engaged with the website during
times of day when traditional parent training would not occur
(eg, early mornings, evenings, weekends). Our data suggest that
placing instructional activities online does not compromise
parent engagement or parent satisfaction with parent-mediated
intervention and may allow families to learn during times that
are more convenient, such as before or after work and when
children are in bed.

Parents were more likely to engage with certain program
components than others. Specifically, the learning activities
contained in the lessons were visited significantly more often
than supplemental materials. Among these learning activities,
parents were significantly less likely to complete the reflection
than the other learning activities. Interestingly, the forum was
rarely visited and only three parents posted to the forum even
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once. Models of technological acceptance that claim the
perceived usefulness and ease of use a technology (or in our
case, component) have a strong influence on its use [73]. This
finding suggests that adjustments could be made to those
components that were used less often to increase their perceived
usefulness and/or ease of use.

Therapist assistance positively influenced parent engagement
with the program. This finding is consistent with research on
telehealth-based behavioral interventions; therapist support
increases engagement with the program as well as overall
outcomes [10,74]. In our study, therapist assistance was
associated with a higher rate of program completion, as well as
more frequent logins and a greater duration of time spent on
the site. Therapist assistance appeared to be particularly
beneficial for encouraging parents to visit specific components
of the program, namely the self-check questions, exercises,
homework, reflection, and video library. It may be that these
components are more challenging or less motivating for parents
to engage with on their own. Alternately, it may be that parents
accessed these components during their coaching sessions after
having completed them on their own. For example, parents were
encouraged to go over their homework plan and reflection with
their coach. The fact that therapist assistance did not seem to
differentially affect the specific learning activities that were
completed supports this possibility and suggests that a greater
understanding of how therapist assistance influences parents’
use of the different program component would be important.
Therapist assistance did not affect parents’ overall perception
of acceptability of the treatment or the usability of the website.
It did, however, marginally impact the parents’ overall
satisfaction with the program. This greater level of satisfaction
may have impacted parents’ willingness to engage with the
website.

Parent completion of the learning activities on the website was
a significant predictor of gains in parent knowledge and
intervention fidelity. This finding suggests that program
engagement was associated with gains in both conceptual and
procedural knowledge of the intervention regardless of group
assignment. Our regression model indicated that group
assignment was also a significant predictor of gains in parent
fidelity, which suggests that therapist assistance provided an
additional benefit above and beyond completion of the tutorial
for procedural knowledge. This finding is consistent with a large
body of literature on parent training, which suggests that
coaching is an important component for improving parent use
of intervention techniques [43,49,75,76].

We examined a number of pretreatment parent and child
demographic variables as potential predictors of parent program
engagement. Only one of these variables, parent depressive
symptoms, was significantly associated with program
completion. Parents who reported more depressive symptoms
at intake were less likely to complete the program than parents

who reported fewer depressive symptoms. This finding is
consistent with research on traditional parent training that has
found that pretreatment parent psychopathology, particularly
depression, increases the likelihood of attrition [58,77,78]. Thus,
future studies should aim to examine the role of depression as
a moderator of treatment effects for telehealth-based
parent-mediated intervention. Our failure to find an association
between program engagement and sociodemographic factors
may have been due to our small sample size, and rather
homogenous participant characteristics. However, a number of
highly powered studies have failed to find an association
between sociodemographic factors and use of health information
technology [52,53,79]. Surprisingly, we did not find an
association between program engagement and computer/Internet
self-efficacy. It may be that computer/Internet self-efficacy may
be more likely to affect a parent’s choice to enroll in a
telehealth-based parent-mediated intervention program rather
than to engage with the program once enrolled. Indeed, overall
levels of computer/Internet self-efficacy in this sample were
relatively high, and almost all participants had access to a
computer with Internet in their home prior to study enrollment.
Thus, research is needed to determine uptake and engagement
with telehealth-based parent-mediated intervention among
parents with lower computer/Internet self-efficacy and those
with limited computer and Internet access.

In contrast, all of the post-treatment evaluation items were
related to program engagement. The relationship between these
factors and engagement is complex. Perceived usefulness and
ease of use have consistently been found to predict behavioral
intention to use a new technology and are considered important
antecedent determinants of technological acceptance [80,81].
At the same time, engagement with a new technology can
influence its perceived usefulness and ease of use [82].
Similarly, treatment acceptability has been found to predict
engagement in intervention [83]; however, it can also be affected
by intervention participation [84]. As these measures were taken
post-treatment in our study, the direction of influence is not
clear. However, these findings highlight the importance of
participants’experience with both the technology (website) and
the content (treatment) of the telehealth program for
engagement. It should be noted that the website usability
questionnaire that we used was developed for this study. Our
findings were consistent with previous work in this area.
Nonetheless, this is a limitation and future work should employ
standard evaluations of perceived usefulness and ease of use,
such as the System Usability Scale [85].

Conclusion
Taken together, these data provide support for the potential of
telehealth to deliver parent-mediated interventions to parents
of children with ASD. Additional research will be important to
determine whether the same patterns and predictors of program
engagement emerge in larger samples.
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Abstract

Background: Web-based computer-tailored interventions have shown to be effective in improving health behavior; however,
high dropout attrition is a major issue in these interventions.

Objective: The aim of this study is to assess whether people with a lower educational level drop out from studies more frequently
compared to people with a higher educational level and to what extent this depends on evaluation of these interventions.

Methods: Data from 7 randomized controlled trials of Web-based computer-tailored interventions were used to investigate
dropout rates among participants with different educational levels. To be able to compare higher and lower educated participants,
intervention evaluation was assessed by pooling data from these studies. Logistic regression analysis was used to assess whether
intervention evaluation predicted dropout at follow-up measurements.

Results: In 3 studies, we found a higher study dropout attrition rate among participants with a lower educational level, whereas
in 2 studies we found that middle educated participants had a higher dropout attrition rate compared to highly educated participants.
In 4 studies, no such significant difference was found. Three of 7 studies showed that participants with a lower or middle educational
level evaluated the interventions significantly better than highly educated participants (“Alcohol-Everything within the Limit”:
F2,376=5.97, P=.003; “My Healthy Behavior”: F2,359=5.52, P=.004; “Master Your Breath”: F2,317=3.17, P=.04). One study found
lower intervention evaluation by lower educated participants compared to participants with a middle educational level (“Weight
in Balance”: F2,37=3.17, P=.05). Low evaluation of the interventions was not a significant predictor of dropout at a later follow-up
measurement in any of the studies.
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Conclusions: Dropout attrition rates were higher among participants with a lower or middle educational level compared with
highly educated participants. Although lower educated participants evaluated the interventions better in approximately half of
the studies, evaluation did not predict dropout attrition. Further research is needed to find other explanations for high dropout
rates among lower educated participants.

(J Med Internet Res 2015;17(10):e228)   doi:10.2196/jmir.4941

KEYWORDS

dropout; attrition; educational level; computer tailoring; Web-based intervention; eHealth; evaluation; meta-analysis

Introduction

Previous studies have demonstrated that Web-based
computer-tailored interventions can be effective in motivating
individuals to adopt different health behaviors [1-3], such as
increasing physical activity [4-10], improving healthy nutrition
[11-14], smoking cessation [15-18], and reducing alcohol intake
[19-21], and they have been successfully applied to multiple
health behaviors [22,23]. In addition, these interventions have
been found to be more cost-effective than usual care or
nontailored information [24-27].

According to Eysenbach [28], dropout, either not completing
the study or missing follow-up measurements, is a “fundamental
characteristic” of Internet interventions and a problematic issue.
The loss of participants to follow-up, dropout attrition, makes
analyses and statements of the effectiveness of these
interventions more complicated and less valid [28] because
most outcome measures are assessed during follow-up and
dropout from the intervention seems to be related to dropout
attrition [29]. Therefore, it is important to find out why
participants do not complete Web-based studies to ultimately
understand and reduce this problem.

Acquiring follow-up measurements from at-risk groups, such
as people with a lower educational level, is important because
unhealthy lifestyle behaviors are most common among people
with a lower educational level [30-32]. Lower educated people
are known to eat less fruits and vegetables [33,34], are less
physically active [30,35], consume alcohol more often in
unhealthy quantities [36], use more tobacco [37-39], and have
a higher likelihood of being obese [40] compared to highly
educated people. It is not only important to reach this group
with Web-based computer-tailored interventions, but also to
prevent lower educated participants from dropping out of the
follow-up measurements to be able to collect information about
the effectiveness of the intervention [29].

Christensen and Mackinnon [41] already raised the issue of
insufficient research regarding study dropout in 2006. Since
then, findings about dropout among participants with different
educational levels are still rarely reported and show ambiguous
results. Although some studies revealed that people with a lower
educational level have higher dropout rates in Web-based
computer-tailored interventions than highly educated people
[42-46], other studies did not find educational differences in
terms of dropout [46-49]. To the best of our knowledge, no
study indicates a significantly higher dropout among highly
educated participants, but there remains a need to obtain more

insight into dropout among people with different educational
levels to be able to reduce dropout.

The reason for dropout among lower educated people is
discussed rarely in the literature. Possible reasons for dropout
can be intervention characteristics (eg, workload, content),
personal characteristics such as educational level, or it can be
related to participants’ perceptions of the interventions, such as
a lack of perceived benefit, which may result in dissatisfaction
[50]. Dissatisfaction with the intervention can be reflected in
the evaluation of the intervention. It has been shown that
participants who do evaluate the intervention as less positive
are more likely to drop out [51] and, therefore, might not be
interested in attending follow-up measurements. In other words,
evaluation might be a predictor of dropout attrition in Web-based
computer-tailored interventions, but little thought has been given
to this aspect, which makes it difficult to draw valid conclusions
[52].

Therefore, the aim of this study is first to examine if the dropout
attrition rates in our 7 randomized controlled trials (RCTs) of
Web-based computer-tailored interventions were higher for
people with a lower educational level than people with a middle
or high educational level. Second, we assessed whether people
with different educational levels evaluated these interventions
differently. Finally, we analyzed whether participations’
evaluation of the interventions predicted dropout at subsequent
follow-up measurements.

Methods

Studies
To examine differences in dropout attrition and evaluation
between participants with different educational levels, we used
a convenience sample of participants from 7 Web-based
computer-tailored intervention studies that were conducted in
the past years (2010-2014) at the Department of Health
Promotion of Maastricht University in the Netherlands.

The studies were RCTs to evaluate interventions that used
computer-tailored techniques to improve diverse health
behaviors. The study “Master Your Breath” (MYB) focused on
increasing physical activity and smoking cessation among
chronic obstructive pulmonary disease (COPD) patients and
people at risk for COPD. The 3 studies “Stay Quit for You”
(SQ4U), “Support to Quit” (STQ), and “Personal Advice in
Stopping smoking” (PAS) focused on smoking cessation.
“Weight in Balance” (WIB) aimed to prevent obesity by
targeting physical activity and energy intake. The study “My
Healthy Behavior” (MHB) targeted the following health
behaviors: physical activity, fruit and vegetable consumption,
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alcohol intake, and smoking. The study “Alcohol-Everything
within the Limits” (AEL) focused on moderate alcohol intake
and is the only study that was not carried out in the Netherlands
but in Germany.

All selected studies made use of the I-Change model [53,54],
which postulates that the behavior change process has at least
3 phases: awareness, motivation, and action. The first factor is
determined by factors such as behavioral awareness, knowledge,

and risk perceptions. The second phase is determined by
attitudes, social influence beliefs, and self-efficacy expectations,
and results in a certain intention to perform a particular behavior.
The third factor is determined by self-efficacy, action planning,
skills, and barriers. The tailored feedback messages of the
studies included in this paper have a strong focus on inter alia
these determinants. A detailed description of these RCTs and
the related publications can be found in Table 1.

Table 1. Summary of the Web-based computer-tailored interventions.

Follow-upInterventionStudy groupsParticipantsReferenceStudy

T1=3
months;
T2=6
months

A 3-session, Web-based computer-
tailored intervention aiming to re-
duce alcohol intake in high-risk
adult drinkers.

Two intervention groups that differed in
the computer-tailored feedback strategies
(alternating vs summative) compared to 1
control group that received no computer-
tailored feedback.

German general
population aged
18-69 years

Design and effects:
[20]

AEL

T1=12
months;
T2=24
months

Five lifestyle behaviors of smok-
ing, alcohol intake, fruit consump-
tion, vegetable consumption, and
physical activity addressing com-
puter-tailored feedback at several
times.

Two experimental groups (ie, a sequential
behavior tailoring condition and a simulta-
neous behavior tailoring condition) and 1
control group that that received only a
tailored health risk appraisal but no moti-
vational computer-tailored feedback.

Dutch general pop-
ulation aged 19-65
years

Study protocol: [55];
effects: [20,26]

MHB

T1=6
months

Web-based, computer-tailored
self-management intervention with
the aim to increase physical activi-
ty and support smoking cessation.

One intervention group received Web-
based computer-tailored self-management
intervention; the control group received
usual care.

People with or at
risk for COPD in
the Netherlands

Study protocol: [56];
effects: [57]

MYB

T1=6 weeks;
T2=6
months;
T3=12
months

A Web-based computer-tailored
smoking cessation intervention.

Intervention group with computer-tailored
information to quit smoking compared to
control group that received no computer-
tailored feedback.

Adult Dutch smok-
ers with intention
to stop smoking
within 6 months

Study protocol: [58];
effects: [18,25,59]

PAS

T1=6
months;
T2=12
months

Comparing Web-based text and a
Web-based video-driven comput-
er-tailored approach for low and
high SES smokers, this incorpo-
rates multiple computer-tailored
feedback moments with the aim to
support smoking cessation.

Intervention groups 2 (video/text) ×
(low/middle/high socioeconomic status).
Respondents were assigned to 1 of the in-
tervention groups (text- vs video-tailored
feedback) or to the control group (nontai-
lored generic advice).

Dutch smokers
who were motivat-
ed to stop smoking
and aged ≥18 years

Study protocol: [60];
effects: [61,62]

STQ

T1=6
months;
T2=12
months

Two computer-tailored interven-
tions to prevent smoking relapse.
Provides tailored feedback in the
Action Plan+ group after stop
smoking attempts, in the Action
Plan group after T0 measurement.

Two intervention groups (Action Plan,
Action Plan+), 1 control group that re-
ceived no computer-tailored feedback.

Dutch daily smok-
ers aged 18-65
years who were
motivated to stop
smoking

Study protocol: [63];
effects: [15]

SQ4U

T1=6
months

Computer-tailored feedback via
text or video to prevent weight
gain or support modest weight loss
by targeting physical activity and
energy intake.

Two intervention groups (video and text)
and 1 waiting list control group.

Normal and over-
weight adults from
the Netherlands

Study protocol: [64];
effects: [65]

WIB

Measurement
In all 7 studies, educational level was assessed by asking
participants about their highest completed level of education.
In-line with national guidelines, educational level was
categorized into 3 groups: lower (1=no education, primary or
lower vocational school), middle (2=secondary vocational school
or high school), and higher (3=higher professional education
or university) educational level [66].

All studies included a process evaluation assessment to evaluate
the intervention among participants within the intervention
group. Participants were asked to evaluate the tailored feedback
and the intervention. The process evaluation assessments of the
7 studies included had one item in common that asked
participants to grade the intervention that they participated in:
“Please evaluate the intervention with a school grade from 1 to
10” (10=highest grade, 1=lowest grade according to the Dutch
school grading system; AEL: 15=highest grade, 1=lowest grade,
which is in-line with the German school grading system).

J Med Internet Res 2015 | vol. 17 | iss. 10 |e228 | p.40http://www.jmir.org/2015/10/e228/
(page number not for citation purposes)

Reinwand et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


To assess dropout attrition, participants who completed the
baseline measurement but did not complete the follow-up
measurement were characterized as dropouts (1=dropout;
0=completed follow-up). We assessed dropout attrition within
differently educated participants for each follow-up
measurement separately. Furthermore, we used the last available
evaluation moment as predictor of dropout for the following
measurement. Table 1 gives an overview of the specific
follow-up moments per study.

Statistical Analysis
All analyses were performed with SPSS 20.0 (IBM Corp,
Armonk, NY, USA). Descriptive statistics were used to describe
sample characteristics. Per study, a logistic regression analysis
was conducted to examine if dropout rates differed for each
educational level. To control for multiple testing, the Benjamini
and Hochberg linear step-up method was used for each study
[67,68]. With the use of an Excel template, the adjusted
significance levels were calculated [69].

Differences between the educational levels with regard to
evaluation of the Web-based computer-tailored interventions
were analyzed by means of ANOVAs and Tukey honestly
significant difference (HSD) tests. Control groups were excluded
from analysis with regard to evaluation of the intervention
because they could not evaluate it.

To be able to give a more general picture of whether lower and
higher educated participants from the intervention groups
evaluated Web-based computer-tailored interventions
differently, the Exploratory Software for Confidence Intervals

(ESCI) Excel template [70] was used for pooling the data by
means of a meta-analysis (Table 1). The meta-analysis used a
random effect model and gave an impression of the overall
differences for intervention evaluation between lower and higher
educated participants (ie, by subtracting the evaluation of the
most different groups, the lower educated participants from the
higher educated participants). In one study (MHB), the
evaluation item was assessed at multiple follow-up
measurements; in this case, we included only the last follow-up
measurement [71].

Finally, logistic regression analyses were conducted to examine
if dropout was predicted by evaluation in 4 of the 7 interventions
among participants with different educational levels. We
excluded the studies WIB, PAS, and MYB from this analysis
because their evaluation assessment took place during the last
follow-up measurement; therefore, it was not possible to assess
evaluation as a predictor of dropout in these studies. To identify
possible interaction effects, an interaction term of educational
level and evaluation was used in the regression model. If this
interaction term was significant, then analyses were conducted
separately per educational level. Analyses were corrected for
age and gender. A P value of .05 was used as the significance
level for all analysis.

Results

Participants
Table 2 shows the educational level, mean age, and gender
distribution of the participants within the 7 selected studies at
baseline.

Table 2. Baseline sample characteristics of the participants in the Web-based computer-tailored interventions.

Gender (male), n (%)Age (years), mean (SD)Educational level, n (%)aNStudy

HighMiddleLow

550 (47.9)43.82 (15.51)338 (31.4)256 (23.8)483 (44.8)1149AEL

2661 (52.6)44.15 (12.67)2112 (42.6)2334 (47.1)515 (10.4)5055MHB

627 (47.9)57.64 (7.22)494 (37.8)427 (32.7)386 (29.5)1307MYB

535 (47.6)49.47 (32.55)372 (33.1)513 (45.7)238 (21.2)1123PAS

821 (39.1)45.33 (13.21)612 (29.2)782 (37.3)707 (33.6)2099STQ

766 (37.7)40.88 (11.80)694 (34.2)1130 (55.6)207 (10.2)2031SQ4U

588 (41.4)48.13 (11.52)769 (54.2)436 (30.7)214 (15.1)1419WIB

a For reference, the average educational level in Germany for low, middle, and high is 39, 22, and 27, respectively [72]; for the Netherlands, it is 30,
28, and 42, respectively [73].

Dropout
Table 3 shows the results of the dropout analyses with regard
to the educational level for each study, each follow-up

measurement including the dropout rates, and study group in
detail with high education as the reference group.
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Table 3. Results of a logistic regression examine dropout attrition among different educational groups.

Educational levelaDropout, n (%)Study, follow-up, and group

MiddleLow

POR (95% CI)POR (95% CI)

AEL

398 (34.6)T1

.971.03 (0.15-7.18).580.61 (0.10-3.59)Sequential

.99—c.321.65 (0.61-4.58)Simultaneously

.99—c.99—cControl

436 (37.9)T2

.581.90 (0.18-19.37).891.16 (0.24-5.52)Sequential

.811.23 (0.21-7.13).811.15 (0.34-3.84)Simultaneously

.610.51 (0.37-7.09).920.90 (0.11-7.06)Control

MHB

3317 (65.6)T1

.681.05 (0.83-1.32).004b1.52 (1.14-2.01)Sequential

.007b1.39 (1.09-1.78).002b1.57 (1.18-2.08)Simultaneously

.041.27 (1.00-1.61).041.32 (1.00-1.73)Control

3602 (71.3)T2

.730.95 (0.74-1.23).01b1.43 (1.06-1.94)Sequential

.002b1.50 (1.16-1.94).006b1.51 (1.12-2.04)Simultaneously

.810.97 (0.76-1.23).141.23 (0.93-1.62)Control

MYB

254 (19.4)T1

.131.40 (0.89-2.20).211.33 (0.84-2.12)Intervention

.531.17 (0.70-1.96).611.14 (0.67-1.95)Control

PAS

674 (60.0)T1

.550.88 (0.59-1.31).770.93 (0.58-1.49)Control

.101.37 (0.93-2.01).0052.02 (1.23-3.33)Tailoring only

831 (74.0)T2

.610.89 (0.57-1.39).770.93 (0.54-1.56)Control

.101.41 (0.93-2.15).012.04 (1.15-3.60)Tailoring only

967 (86.1)T3

.670.89 (0.52-1.52).321.42 (0.71-2.86)Control

.901.03 (0.60-1.78).351.41 (0.67-2.97)Tailoring only

STQ

1306 (62.2)T1

101.39 (0.93-2.09).003b1.90 (1.24-2.90)Video

.291.22 (0.83-1.78).191.29 (0.87-1.91)Text

.090.71 (0.49-1.05).980.98 (0.67-1.47)Control

1437 (68.5)T2
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Educational levelaDropout, n (%)Study, follow-up, and group

MiddleLow

POR (95% CI)POR (95% CI)

.111.39 (0.92-2.09).003b1.95 (1.26-3.02)Video

.181.29 (0.88-1.89).<001b2.31 (1.52-3.51)Text

.661.24 (0.84-1.84).131.36 (0.90-2.04)Control

SQ4U

1251 (61.9)T1

.831.03 (0.74-1.44).361.26 (0.75-2.12)Action Plan

.441.14 (0.81-1.60).081.71 (0.92-3.18)Action Plan +

.570.90 (0.63-1.28).091.73 (0.91-3.27)Control

1465 (72.1)T2

.141.30 (0.91-1.86).012.33 (1.24-4.35)Action Plan

.011.55 (1.07-2.24).022.25 (1-11-4.52)Action Plan +

.091.35 (0.94-1.94).042.00 (1.02-3.92)Control

WIB

404 (28.5)T1

.291.23 (0.81-2.01).151.50 (0.87-2.59)Video

.601.12 (0.74-1.69).003b2.29 (1.33-3.95)Text

.006b2.01 (1.22-3.32).181.57 (0.81-3.04)Control

a All analysis are corrected for age and gender. High education is the reference group.
b Significant P values after correction for multiple comparisons according to Benjamini-Hochberg.
c Odds ratios are not reported due to low cell count.

After correction for multiple testing, significantly higher dropout
rates were found within 3 studies (MHB, STQ, WIB) among
lower educated participants compared to higher educated ones.
Furthermore, in these 3 studies, dropout attrition was also
significantly higher among middle educated participants in
comparison with higher educated participants. In 4 of 7 studies
(AEL, MYB, PAS, SQ4U), no difference in dropout with regard
to educational level was found.

Evaluation
Table 4 presents differences between the educational groups
with regard to evaluation of the Web-based computer-tailored
interventions in detail. In 3 of 7 studies (AEL, MHB, MYB),
lower educated participants evaluated the intervention
significantly higher compared to their counterparts. In one study
(WIB), lower educated participants evaluated the intervention
less positively compared to middle educated participants.
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Table 4. Evaluation of the 7 Web-based computer-tailored interventions by different educational levels.

Tukey HSD, PPF (df1,df2)Level of education, mean (SD)Study and groupa

M-HL-HL-MbHighMiddleLow

AEL

T0

.70.47.97.560.71 (2,340)10.72 (3.62)11.12 (3.00)11.20 (3.48)Sequential

.05.002.82.0035.97 (2,376)10.40 (3.61)11.49 (2.85)11.75 (3.37)Simultaneously

T2

.53.89.77.560.58 (2,229)10.39 (4.33)11.27 (3.69)11.32 (4.27)Sequential

.48.29.99.561.26 (2,246)10.81 (3.89)11.53 (3.30)11.09 (4.28)Simultaneously

MHB

T1

.11.48.98.122.12 (2,201)7.03 (1.13)7.14 (1.79)7.43 (1.08)Sequential

.62.27.60.271.30 (2,178)6.56 (2.41)6.94 (1.70)7.80 (0.91)Simultaneously

T2

.71.37.64.351.04 (2,367)7.53 (0.91)7.59 (0.94)7.78 (1.27)Sequential

.05.01.30.0045.52 (2,359)7.43 (1.02)7.68 (0.92)7.94 (0.89)Simultaneously

MYB

T1

.17.05.77.043.17 (2,317)6.60 (1.77)6.93 (1.23)7.07 (1.50)Intervention

PAS

T3

.63.96.92.092.42 (2,81)7.03 (1.20)6.72 (1.25)6.09 (1.70)Tailoring only

STQ

T2

.95.83.67.690.38 (2,193)6.28 (1.64)6.18 (2.17)6.48 (1.97)Video

.07.08.99.043.29 (2,234)5.96 (1.72)6.51 (1.23)6.53 (1.84)Text

SQ4U

T1

.25.79.98.281.29 (2,134)6.20 (1.60)6.63 (1.41)6.56 (1.74)Action Plan

.99.85.97.900.10 (2,108)6.51 (1.27)6.49 (1.69)6.27 (2.10)Action Plan+

WIB

T1

.21.27.05.053.17 (2,37)7.36 (1.08)7.56 (0.78)6.99 (1.23)Video

.88.67.49.520.66 (2,51)7.11 (1.24)7.32 (0.82)6.79 (0.92)Text

a T specifies the time of the evaluation measurement.
b Level of education: L=low, M=middle, H=high.

Furthermore, the meta-analysis of the 7 studies comparing
evaluation of lower and higher educated participants indicated
that participants with a lower educational level evaluated the
interventions significantly more positively compared to highly

educated participants (OR 0.28, 95% CI –0.54 to 0.04, P<.001)
(see Figure 1). Nevertheless, the meta-analysis revealed presence

of a moderate level of heterogeneity (I2=66.10%) [74,75], which
indicates variation across the studies.
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Figure 1. Forest plot of mean differences by random effect model of evaluation of Web-based computer-tailored interventions between highly and
lower educated participants. Random effects represent the combined effect.

Association of Education and Evaluation with Dropout
Attrition
For the 4 studies that evaluated the intervention before the
follow-up measurements, a significant interaction between
education and evaluation regarding dropout at follow-up was

not found (Table 5). Only within the MHB study was a positive
association found between the intervention evaluation and
educational level. Participants with a middle educational level
were more likely to dropout than participants with a higher
educational level.
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Table 5. Association of education and evaluation with dropout attrition at follow-up.

R 2χ2
7OR (95% CI)PβStudy and variablesa

.0549.0AEL T1

0.35 (0.04-3.14).35–1.02Education low

0.92 (0.02-37.18).96–0.08Education middle

1.03 (0.88-1.19).690.03Evaluation T0

.48Education × evaluation

.05396.9MHB T1

6.71 (0.97-46.43).051.90Education low

2.55 (0.89-7.27).070.93Education middle

0.99 (0.90-1.08).84–0.01Evaluation T0

.18Education × evaluation

.03316.6STQ T2

1.86 (0.57-6.00).290.62Education low

1.32 (0.40-4.35).640.28Education middle

0.95 (0.81-1.10).52–0.49Evaluation T1

.99Education × evaluation

.0515.6SQ4U T2

76.36 (0.34-16.713.27).114.33Education low

3.75 (0.46-303.55).551.32Education middle

1.11 (0.64-1.92).690.11Evaluation T1

.40Education × evaluation

a T indicates follow-up; high education is reference group. All analyses are corrected for age and gender.

Discussion

Dropout Attrition
The first aim of this study was to evaluate whether participants
with a lower educational level have higher dropout attrition
from Web-based computer-tailored studies than participants
with a medium or high educational level. In 3 of these studies,
lower and middle educated participants dropped out more
frequently compared to higher educated participants.

A possible explanation for the higher dropout rates may be that
lower educated participants tend to use written health
information more often [76] and spend less time online seeking
health information [77,78]. It could be possible that they lose
interest in the intervention sooner, which causes them to drop
out of the study.

Also, the fact that lower educated people have an unhealthier
lifestyle [30-32] might play a role in dropout. Due to tailoring,
participants with an unhealthier lifestyle in multiple health
behavior interventions received more recommendations to
change their health behavior(s) and this has been found to
decrease participants’ motivation to change [79]. It might be
possible that lower educated participants started the intervention
with the aim to change their health behavior, but that receiving
information about extensive required changes decreased their
self-efficacy to be able to change [80] and could subsequently

have decreased their motivation to participate. Another
explanation could be that lower educated participants might
have been less likely to change their behavior and, thus, may
have perceived the recommendations as less feasible, which
caused them to drop out of the study [28,81,82]. This could
have caused not only usage and nonusage attrition, but also
dropout attrition because these 2 kinds of attrition seem to be
related [46].

Moreover, lower educated people might be less familiar with
Web-based computer-tailored interventions [83,84] and that
might result in lower confidence in the effectiveness of those
interventions (ie, lower perceived efficacy) and, in turn, could
cause an increase in dropout [85,86]. Although these are reasons
for nonusage attrition (not using the intervention), it seems
convincing that this correlates with dropout attrition because
participants who did not evaluate the intervention positively
might have little interest in completing follow-up measurements
[51].

All participants were asked to complete long questionnaires and
received tailored feedback, which must be cognitively processed
and requires intensive cognitive performance. Lower educated
adults have been shown to have a lower level of health literacy
[84,87,88]. They have more difficulties processing new
information and this could cause ego depletion [89,90]. Ego
depletion may, in turn, reduce the willingness to participate any
longer within the study.
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Some studies found that dropout attrition could be increased by
sending reminders and prompts [78,91-93]. Further research is
necessary to evaluate if this is also effective for people with
different educational levels.

Evaluation
Against our initial expectation that lower educated participants
might evaluate the interventions less positively, we found that
lower educated participants evaluated the intervention in 3 of
7 studies more positively compared to their higher educated
counterparts. This might be explained by the finding that highly
educated people make more use of the Internet as health
information resource, whereas these interventions might be
newer and more interesting for lower educated people. A review
supported this assumption because it shows that people with a
high educational level may make more intensive use of several
sources (eg, people form their social network, mass media,
health professionals) to gain health-related information
compared to lower educated people and they might read the
received information more superficially [94]. This might result
in less elaboration of the messages and a lower evaluation
regarding the novelty of the messages. Due to the use of several
resources, highly educated participants also rely less on online
information and have lower levels of trust in them, which may
negatively influence their evaluation of the intervention [95].

Evaluation was not a significant predictor of dropout at
follow-up in any of our studies. This suggests that other factors
must be important in explaining why participants did not return
to the study for follow-up questionnaires. Dropout analysis
performed within these studies has shown that a lower
educational level, unhealthy lifestyle, low intention to change
the behavior, and low self-efficacy were predictors of dropout
[20,96,97].

Limitations and Strengths
First, the only item all studies had in common concerning the
evaluation of the interventions was an overall grade participants
assigned to the intervention. Although we can assume that this
item gives an overall impression of participants’ evaluation, it
might be that participants with different educational levels liked
and disliked different aspects of the intervention (eg, layout,
provided information, or personal relevance), which was not
reflected in this overall grade. However, the evaluation of these
different aspects was not equally assessed in all 7 studies.
Furthermore, it is possible that participants who did not like the
intervention dropped out before completing the evaluation item.
In this study, we included only those participants that completed
the evaluation item and assessed follow-up at the subsequent
measurement.

Second, all interventions were based on the I-Change model
and targeted the same social cognitive determinants to change
behavior, which allows for comparing the 7 studies. However,
a generalization of the results for other interventions must be
done with caution because some interventions also used other
theories, such as self-regulation theories, as a framework for
the educational content.

Although the restricted number of studies is a limitation,
including other Web-based tailored interventions might have
resulted in even higher program heterogeneity and would have
made comparisons even more difficult and results (partly)
dependent on program characteristics. Also Wienert and
Kuhlmann [98] have determined that tailored interventions are
difficult to compare, whereas the interventions included in this
study were comparable because they all were based on the same
theoretical background (the I-Change model), all 7 studies
provided tailored feedback on social cognitive determinants
from this model and provided feedback, and all 7 studies
included the same program evaluation item. The comparison
of interventions using other tailoring techniques than the
interventions described in this study is difficult and access to
the original data at the individual level would be necessary for
further research and adequate analysis [99].

One of the strengths of this study is the access to 7 datasets (at
participant level), which allowed us to conduct the analysis with
the original data. Second, all studies used at least one identical
item to assess the study evaluation which enables us to compare
these studies. Finally, all studies had a large number of
participants ranging from 1149 to 5055, which makes our results
meaningful.

Conclusion
This study showed that for 3 of 7 studies on computer-tailored
interventions, participants with a lower educational level
dropped out more often from follow-up measurements and
tended to evaluate the interventions better compared to
participants with a middle and higher educational level.
However, the evaluation of the intervention did not predict
participation or nonparticipation at follow-up. Based on our
results, it is hard to say what other factors may play a role in
dropout attrition from Web-based computer-tailored
interventions. Further studies might evaluate different aspects
of the intervention, besides only the participants’grades, to find
more relevant aspects of intervention evaluation.

Future studies should take high dropout among lower educated
participants into consideration when developing strategies to
decrease high dropout from Web-based computer-tailored
interventions.
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Abstract

Background: Low health literacy is associated with poor health-related knowledge, illness self-management, health service
use, health, and survival, and thus addressing issues related to low health literacy has been highlighted as a pressing international
priority.

Objective: To explore views of a digital health promotion intervention designed to be accessible to people with lower levels
of health literacy, in particular examining reactions to the interactive and audiovisual elements of the intervention.

Methods: Qualitative think-aloud interviews were carried out with 65 adults with type 2 diabetes in the UK, Ireland, USA,
Germany, and Austria, with purposive sampling to ensure representation of people with lower levels of health literacy. Inductive
thematic analysis was used to identify common themes. We then systematically compared views in subgroups based on country,
health literacy level, age, gender, and time since diagnosis.

Results: Most participants from the chosen countries expressed positive views of most elements and features of the intervention.
Some interactive and audiovisual elements required modification to increase their usability and perceived credibility and relevance.
There were some differences in views based on age and gender, but very few differences relating to health literacy level or time
since diagnosis.
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Conclusions: In general, participants found the intervention content and format accessible, appropriate, engaging, and motivating.
Digital interventions can and should be designed to be accessible and engaging for people with a wide range of health literacy
levels.

(J Med Internet Res 2015;17(10):e230)   doi:10.2196/jmir.4999

KEYWORDS

health literacy, digital intervention, diabetes, qualitative, physical activity

Introduction

Addressing the problem of low health literacy has been
highlighted as a pressing international priority, as it is associated
with poor health-related knowledge, illness self-management,
health service use, health, and survival [1]. The concept of health
literacy has evolved to refer to “the knowledge, motivation and
competences to access, understand and apply health
information” [2]. Health literacy levels tend to be lower in those
with less education, lower incomes, and minority ethnics groups
[1]. Health literacy is a product of the interaction between the
individual and his or her environment, which includes the health
care resources available to him or her; designing health care
materials to be accessible and easily comprehensible can reduce
the literacy burden, and improve health literacy by helping
people to understand and implement health-related advice [3].

Many people have difficulty accessing face-to-face diabetes
self-management education, due to barriers such as work, caring
responsibilities, disability, cost, and lack of transport [4], and
these problems are more common among those with less
education [5]. The rapid growth in delivery of health promotion
and health care by means of digital interventions offers one
possible solution to this challenge; digital interventions can be
accessed conveniently at home and have the potential for wide
reach at low cost, and so could reduce health disparities [6].
However, there is a risk that digital interventions could increase
health inequalities due to a “digital divide” in both access to
the Internet and confidence and skills to use the Internet for
self-management of health [7]. Internet access is now increasing
rapidly among all social groups, but low literacy levels may
continue to pose barriers to understanding and applying online
information. For example, one study of diabetes websites found
that 86.9% of materials would be too difficult to read for an
average adult [8], and from early studies of Internet-delivered
support for people with diabetes there is evidence of lower usage
by those with lower income and education [9,10].

Interventions to reduce the literacy burden and improve health
literacy have included using simple language; information
presented in audio, audiovisual, or pictorial formats; (when
Internet delivered) employing tailoring of content to individual’s
needs; and other forms of interactivity. Reviews of the
effectiveness of such interventions for general public and mixed
patient populations [11-15] and for diabetes [16-18] suggest
that these approaches show promise for some outcomes, but
that overall the evidence is weak and inconclusive. Few studies
have been theory based, and it remains unclear exactly which
elements of such interventions improve which outcomes. The
authors of these studies call for more research to identify the
effective components and mechanisms of interventions to

improve health literacy and to examine whether these differ for
people with different levels of health literacy [11,14,15].
Empirical evidence that addresses the latter question is crucial
to inform those delivering health care about whether it is
necessary to create different versions of online interventions to
engage different sectors of the population; such evidence will
consequently have wide-ranging practical and resource
implications.

As part of the Diabetes Literacy project [18], our aim was to
address this evidence gap by examining how people with varying
levels of health literacy viewed features of a digital intervention
we developed to explore how best to increase accessibility and
acceptability of health promotion resources for people with
lower levels of health literacy. Our primary aim was therefore
to examine whether our website design was acceptable and
engaging for people with differing levels of health literacy.
Because digital delivery permits interactive and audiovisual
presentation of advice, that could potentially help to overcome
difficulties due to low literacy, we were also particularly
interested in exploring participants’ views of these features of
the intervention.

Methods

Intervention
The intervention was a website designed to motivate people
with diabetes to increase their levels of physical activity. The
interactive features of the website comprised tailoring of images
and advice based on user responses to questions (eg, about the
user’s age, concerns about physical activity, current activity
levels), a quiz, and a physical activity planner. The audiovisual
features included positive images and audiovisual sequences
illustrating lifestyle physical activities. We followed established
good practice for designing written medical information and
making it accessible to people of all literacy levels [11,19], and
used design principles that have been shown to increase
accessibility of websites for people with cognitive impairment
and limited computer literacy [20]. See Textbox 1 for further
details of the elements of the intervention, and Figure 1 for
example screenshots.

The intervention was developed in consultation with an expert
panel of patient representatives, clinicians, and behavioral
scientists. We employed the person-based approach to
intervention development [21], which grounds intervention
design in a rigorous, in-depth understanding of the psychosocial
context of the target user population. A key element of the
person-based approach to intervention development is to use
iterative, inductive qualitative research to explore users’ views
of the intervention and then modify the intervention to optimize
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acceptability and engagement. Consequently, small changes to
the website were made throughout data collection. These
included, for example, changing the format of the physical
activity planner to improve usability, changing wording to
improve comprehension, and substituting images that were
disliked. The intervention was developed using LifeGuide
software, a platform for developing online behavior change

interventions that allows researchers to easily translate and
modify the intervention [22]. The website was initially
developed in English for evaluation in the UK, Ireland, and
USA, and then translated for evaluation in Germany and Austria
(all text of the translated versions was checked for accuracy by
the researchers in these countries).

Textbox 1. Elements and design features of the Healthy Living with Diabetes intervention.

Interactive elements of the intervention

• Delivery of information about the health benefits of physical activity for people with diabetes (and health risks of inactivity) in the form of an
interactive “fun” quiz.

• Tailored advice in response to questions about current physical activity level and concerns about physical activity (eg, barriers such as cost, health
problems).

• Tailoring of images based on users’ reported age.

• A physical activity planner that enabled users to create personal plans for increasing physical activity, building on their current activities.

Audiovisual elements of the intervention

• Positive visual images throughout the intervention.

• Audiovisual sequences modeling people undertaking a range of physical activities: these comprised a narrative illustrated by a sequence of
photographs with a voice-over, and had an informal tone intended to suggest real-life scenarios.

• Option to access details of study aims and procedures in audio format.

Good practice design features of the intervention

• To maximize accessibility to those with low levels of literacy, text as short as possible, suitable for reading age of 12.

• To maximize accessibility to those with low levels of computer literacy, simple page layout and navigation.

• Advice appropriate for those with low current levels of physical activity, limited time, motivation and resources, and health problems (ie, promoted
gradual increase in preferred lifestyle-compatible activities).
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Figure 1. Screenshots illustrating elements of the Healthy Living with Diabetes website. (A) Example of positive visual image on welcome page. (B)
Example of quiz feedback with positive visual image. (C) Example of audiovisual sequence. (D) Example of interactive physical activity planner.

Design, Participants, and Procedure
Qualitative interviews were carried out with adults with type 2
diabetes in the UK, Ireland, USA, Germany, and Austria. Full
details of all study procedures, participants, and analyses are
published online [23]. The UK sample was used as the core
group for intervention development and evaluation, and data
collection in the other countries was used to explore whether
views differed in different countries and settings. Participants
were recruited from primary care, community settings, and
diabetes support groups, using advertisements, letters, and
personal invitations; for full details see [23]. We purposively
sampled to include people with lower levels of health literacy
by recruiting from areas and clinics with high levels of socially
deprived patients. We also used diversity sampling to ensure
that we had a broad balance of both genders, and different ages
and time since diagnosis.

Qualitative think-aloud methods [24] were used to gain a
thorough, in-depth understanding of user experiences,
perceptions, and views of the intervention, followed by a
semistructured interview, allowing specific domains of user
experience to be explored. Experienced researchers who received
standardized training on conducting think-aloud interviews
interviewed participants in their own language in each country,
in a variety of settings in clinics and the community. Participants
also completed a brief questionnaire to measure age, gender,
time since diagnosis, and health literacy. Health literacy was

measured using the validated single item “how often do you
have problems learning about your condition because of
difficulty understanding written information?”[25], allowing
participants to be categorized as having high, intermediate, or
low levels of health literacy. To enable us to validate this
single-item, categorical measure of health literacy, we examined
its correlation with a more comprehensive measure of all
dimensions of health literacy, the 16-item version of the
European Health Literacy Survey Questionnaire (HLS-EU-16)
[26]; this was completed by all participants after the interviews.

Analysis
Audio recordings of interviews were transcribed verbatim,
translated into English where necessary, and checked for
accuracy by the researcher who carried out the interview. Few
substantial differences in views between countries were
identified (see [23] for details), allowing the data to be pooled
to give a larger sample for the remaining comparisons. Inductive
thematic analysis was used to identify recurring themes through
close examination of the data [27,28]. We also used analytic
techniques from grounded theory to increase the rigor of our
analysis, including line-by-line coding and constant comparison
[29]. First, interview transcripts were read and reread to ensure
a high level of familiarity with the data before line-by-line
coding of the initial 3 interviews. A provisional coding manual
(see [23] for details) was then created to define emerging codes
and themes before these codes were applied to the remaining
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transcripts. The coding manual was developed iteratively and
revised throughout the coding process to ensure the codes
adequately reflected the data. The coding manual was discussed
and agreed upon by core members of the research team (AR,
IM, and LY) at various stages of the coding process, and
inter-rater agreement between AR and IM was obtained for all
the final coded data.

The relatively large sample size (for qualitative research)
allowed us to carry out a second stage of analysis to explore
whether any differences could be identified between specific
subgroups of participants. We did this by creating tables to
systematically compare the occurrence and content of themes
across subgroups (see ). First, country comparisons were carried
out to examine whether there were differences in the data
between countries that might preclude pooling the data across
countries for analysis. Only the data from the German sample
appeared systematically different, largely in terms of less views
being expressed on most topics. This finding may have been
related to deviations from the interview protocol evident in the
transcripts (eg, a less open-ended interviewing style than in
other countries, omission of substantial parts of the interview
schedule). In view of this difference, the 6 German interviews
were excluded from the subsequent subgroup analyses. Further
subgroup analyses on the remaining pooled data comprised
comparisons based on level of health literacy (low, intermediate,
or high), age (under or over 60 years), gender, and time since
diagnosis (less or more than 5 years).The cutoff points were
chosen so as to create roughly equal groups (to maximize the
sample size in each) that were likely to differ in terms of
experiences of diabetes (based on the research team’s clinical

experience of diabetes patients). Because of the small size of
the subgroups and large number of comparisons, to avoid
overinterpretation of minor differences we adopted a criterion
of only reporting comparisons where the differences observed
between the groups compared were based on at least five people
(between country comparisons) or 30% (n=19) of participants
(pooled data), or suggested a consistent trend from high to low
health literacy (even if not quite reaching our criterion within
the specific subgroups).

Results

Participant Characteristics
In total, 65 participants were interviewed for this study,
comprising 35 from the UK, 8 from USA, Ireland and Austria,
and 6 from Germany (Table 1). There were 37 (57%) men and
28 (43%) women, with a mean age of 62 years (range 37–79),
and 40 (62%) participants had been diagnosed with type 2
diabetes for 5 years or more. As classified by our single-item
measure, 38 (58%) participants had high health literacy, 18
(28%) had intermediate health literacy, and 8 (12%) had low
health literacy (1 was “unknown”). The single-item measure
was highly correlated with the HLS-EU-16 in a subsample
sample (r=.65, n=35, P<.001), providing reassurance that our
single-item categorization assessing literacy problems in a health
context was associated with health literacy problems in a range
of other domains. Participant characteristics were similar across
all countries, with the exception of Germany (all German
participants had high levels of health literacy and all but 1 person
had diabetes for over 5 years).
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Table 1. Participant characteristics.

CountryParticipant characteristics

OverallGermanyAustriaIrelandUSAUK

Age (in years)

626760665758Mean

37-7948-7742-7937-7749-6444-75Range

34436318≥60 years

31252517<60 years

Time since diagnosis

25124414<5 years

40564421≥5 years

Gender

37466318Male

28222517Female

Health literacy level

38576416High

18102213Intermediate

801016Low

100010Not known

Ethnicity

55687232White/Caucasian

400022Black/African/Caribbean

200101Asian

400040Other (mixed)

65688835Total sample

Themes Emerging From Pooled Analysis
Thematic analysis of the data pooled across countries generated
40 codes, which we organized into 3 main themes, namely, (1)
general reactions to website content and format; (2) reactions
to interactive features; and (3) reactions to audiovisual features.

General Reactions to Website Content and Format
The majority of users described the level of information in the
intervention as appropriate and easy to understand, without
being patronizing (Table 2). The website was also described as
accessible and as more user friendly than other resources they
had encountered.

I like the whole thing. It didn’t blind you with science;
it didn’t treat you as a total idiot. [UK, male, under
60 years old, under 5 years’ diagnosis, high HL]

It’s written in a way that’s not—because I mean I’m
not good at reading and stuff like that—but it’s written
in a way that I can understand. You know, sometimes
you look at, whether it’s books or websites or
whatever, and sometimes you’re reading and you
think “What are they talking about?” [UK, female,
under 60 years old, over 5 years’ diagnosis, low HL]

The thing is that all the knowledge I received during
hours of lectures [at “wellness clinics”] is briefly put
together here, so really, really well done for this!
[Austria, male, under 60 years old, under 5 years’
diagnosis, low HL]

No, it’s very straight forward and compact. What you
need to know is there. [Austria, male, under 60 years
old, over 5 years’ diagnosis, high HL]

Participants frequently spoke appreciatively of acquiring new
information through the website and the positive framing of
health information was described as encouraging.

Yeah, I know they say physical, mental activity can,
can help you stay healthy [reads to self], “twice,”
woah, “twice as likely!” Get out, really? I don’t
remember ever hearing that one. [USA, female, over
60 years old, over 5 years’ diagnosis, high HL]

To find out that Alzheimer’s thing, yes that was quite
shocking, a sit up and take notice moment. [UK, male,
under 60 years old, over 5 years’ diagnosis,
intermediate HL]

A number of people discussed their intention to increase their
physical activity as a direct result of what they had learned or
seen in the website.
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Interesting, I did not know that—so it's almost like,
if I learn nothing else from this survey, I need to start
my physical activity regime. [USA, male, over 60
years old, under 5 years’ diagnosis, intermediate HL]

Specific intervention features described as motivating included
the planner and audiovisual sequences as well as learning new
health information through the quiz. Details of how participants
viewed these features are given below.

Table 2. Reactions to website content and format.

ContentSubtheme

Almost all participants mentioned learning new, often surprising information (particularly about the benefits of physical
activity for preventing Alzheimer’s disease and for healthy liver function)

Information novelty

Most participants felt that the advice was delivered at the right level—easy to understand but not patronizingLevel of website advice

The vast majority of participants endorsed the advice given by the website.Views of website ad-
vice

Many were surprised and some skeptical about the information that physical activity is more important than controlling
blood sugar levels for preventing complications from diabetes.

The humor in the website was mainly appreciated by the minority who commented on it.

Most participants commented that they found the website clear and easy to navigate.Views on website ap-
pearance

Some expressed a desire for greater simplicity in presentation and less text.

Most participants (though not all) found the website generally motivating.Effects of website on
motivation

All elements of website content were described by some participants as motivating them to engage in greater physical activ-
ity.

Reactions to the Interactive Features
Many participants commented that the interactive features of
the website were engaging and motivating (Table 3), although
some chose to skip sections that did not appeal to them. Most
were positive about the quiz section, describing it as fun,
relevant, helpful, interesting, and a preferable way of learning
new information.

I’m getting really curious now to see the answers
[both laugh], it’s lovely, it’s not boring, the whole
Web thing is very good. It’s very interesting. [Ireland,
female, over 60 years old, over 5 years’ diagnosis,
high HL]

I liked the quizzes, I liked that—you know—it’s nice
to have something you can use, interact with and join
in with. [UK, female, under 60 years old, under 5
years’ diagnosis, low HL]

If I was doing this on my own I would skip this bit
[quiz section], I’m bored with that now, because it's
treating me like a child. I want the information but I

don't like the way it's given to you. [UK, male, under
60 years old, under 5 years’ diagnosis, low HL]

Participants described valuing the instant tailored feedback, and
often commented on encouragement provided by the positive
framing of this advice.

Woo hoo—“doing enough physical activity to keep
healthy”—now says star pupil actually, that’s a
bonus. [UK, female, over 60 years old, over 5 years’
diagnosis, low HL]

Well done, you got it right, you got something right.
See, they love me. Finally! [laughs] They love me.
[USA, female, over 60 years old, under 5 years’
diagnosis, unknown HL]

However, participants had more mixed responses to the activity
planner, some finding it cumbersome and difficult to complete,
particularly (but not exclusively) before modifications were
made to simplify it. For example, the original planner required
participants to specify the activity type and the amount of time
spent on the activity on the same page. Many participants found
this difficult to navigate, and the planner was subsequently
separated onto 2 pages.

Table 3. Reactions to the interactive features.

ContentSubtheme

Most comments on the quiz were that it was enjoyable and informative.Views of the interactive quiz

Some found it irritating, and disliked the humorous “trick” questions (ie, that physical activity would
not improve hearing or alcohol consumption).

Most comments on the feedback were that participants appreciated getting immediate, positive feedback.Views of tailored feedback

Participants noted that actively engaging with the website kept their attention.

Some participants found using the planner difficult, due mainly to uncertainty about (1) how to estimate
their activity level and (2) how to enter data into the planner (before simplification of the planner)

Views on the interactive activity planner
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Reactions to the Audiovisual Features
The vast majority of participants found the images acceptable
or liked them overall (Table 4).

These pictures are quite nice as well, you know, they
are happy pictures—photographs of elderly people,
probably my age, dancing with umbrellas. [Ireland,
male, over 60 years old, over 5 years’ diagnosis, high
HL]

A few participants mentioned disliking certain images, although
the images that people disliked varied. For example, some
younger participants could not relate to images of older people;
consequently, the intervention was modified to tailor all images
by age.

Most participants also enjoyed the audiovisual sequences,
appreciating the informal style and relating positively to the
stories and example activities these sequences narrated.

The videos were really, really good...informative.
[USA, male, over 60 years old, under 5 years’
diagnosis, low HL]

It was good, straight to the point, because it’s like,
not everybody likes going to the gym and that. It’s
too expensive, too hot to try to stay and that, and the
person that was speaking was really clear. [UK, male,
under 60 years old, over 5 years’ diagnosis, low HL]

Some participants commented positively on the use of humor
in the main audiovisual sequence (which showed pictures of
snowboarding and deep sea diving as examples of impractical
forms of exercise before suggesting walking as more feasible)
but some found it confusing or inappropriate. In addition, some
people disliked particular scenarios that they found unconvincing
or irrelevant:

I don’t like it at all. It doesn’t fit the pictures, there’s
an old man who says he’s picking up his children. He
says his day is hectic yet he can go shopping before
work and during lunch. It doesn’t fit. [Germany, male,
under 60 years old, over 5 years’ diagnosis, high HL]

Some of the scenarios therefore required modification for
different cultures or age groups; for example, a scenario that
suggested playing football was changed to baseball for US
participants.

Table 4. Reactions to the audiovisual features.

ContentSubtheme

Overall, use of images in website appreciated as positive, attractive.Views of visual images in the website

Images of walking and family activities generally appreciated, medical illustrations mainly well received.

Reactions to some images mixed (prior to modification), for example, images of older people, wheelchair
activity, alcohol.

Most participants were very positive about the audiovisual sequences, most (though not all) liking the
informal style, and finding them engaging, funny.

Views of audiovisual sequences in the
website

Most people enjoyed relating to stories that they saw as realistic, helpful examples of lifestyle activity.

Negative comments were often based on seeing specific content (prior to modification) as unrealistic or
irrelevant to the participant’s own situation (eg, due to cultural or lifestyle differences or activity prefer-
ences).

Subgroup Comparisons
We found few differences in how people with high, intermediate,
or low levels of health literacy viewed the website. The only
differences that emerged were that people with higher health
literacy were most likely to comment that they found the website
content easy to understand, mention features of the website they
found motivating, discuss how the interactivity maintained their
attention, and express appreciation of the visual images. There
were also few systematic differences in views linked to country,
although there were some culture-specific preferences (as noted
earlier); for example, the Austrian participants tended to dislike
the audiovisual sequences, commenting negatively on the use
of speakers with German accents.

With regard to other subgroup comparisons, women were more
likely than men to voice their intention to be more physically
active as a result of viewing the website. Women tended to
express much more positive views of the quiz than men did;
some men found it tedious or irrelevant. Women were also more
positive about the audiovisual sequences, describing them as
engaging and discussing relating to the characters and stories.

Women, however, were less technically confident in completing
the interactive planner. There were age differences in the
activities preferred; those aged over 60 mainly intended to do
more walking, whereas younger participants also spoke about
cycling and swimming. Participants over 60 years of age and
those who had been diagnosed for longer were more positive
about the audiovisual sequences (particularly the walking
stories) and the idea of exercising at home. This age group was
also more likely to mention that they found the level of
information in the website straightforward, helpful, or pitched
at the correct level.

Discussion

Preliminary Findings
The main aim of this study was to investigate whether it is
possible to design a digital intervention that is acceptable and
engaging for people with varying levels of health literacy. Our
findings are encouraging; most participants from most countries
expressed positive views about most elements of our digital
intervention. Very few people found the accessible format
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patronizing or the information provided inadequate or
inappropriate. Despite concerns frequently expressed about
whether it is possible to appeal to a wide and diverse target
population, it is not unusual to find that materials designed to
be accessible to those with lower levels of literacy and health
literacy are also liked by those with higher literacy levels
[30-32].

Although most participants had mainly positive reactions to the
interactive and audiovisual presentation of advice, it was
necessary to iteratively modify these based on participant
feedback to optimize acceptability and feasibility. There were
also differences in reactions to these elements of the intervention
relating to age, gender, and cultural context. We were only able
to evaluate views of a very limited set of digital materials, and
it is quite possible that the views expressed were specific to
these particular resources. For example, reactions to
professionally produced videos of patients or actors might be
entirely different from reactions to our amateur-style audiovisual
sequences. Nevertheless, some previous research has also noted
that it can be difficult to produce audiovisual narratives that
precisely match the psychosocial context of all users [33]. It
appears that audiovisual materials may require particularly
careful development, with attention to the sociocultural context
of target users, to ensure that they are perceived as convincing
and relevant [21,34].

Limitations
The method we used for comparing views across subgroups is
unusual; it can be regarded as an extension of the constant
comparison technique employed in grounded theory, but with
more systematic and explicit assessment of the frequency with
which views were expressed in different subgroups. Because
these subgroups were too small to permit reliable quantitative
evaluation, it is not possible to interpret the trends observed in
our data as definitive evidence for the presence or absence of
group differences. Nevertheless, the consistent absence of any
variations in views clearly associated with health literacy and
time since diagnosis, despite clear differences based on age and
gender, suggests the latter may have had a more important
influence on reactions to the intervention. However, we were
unable to recruit many participants with the lowest levels of
health literacy, and the sample size in each country was small.
Consequently, this study was only able to identify substantial
differences in views due to country or very low health literacy
(ie, views that would be expressed by most people in these
subgroups). Most participants were also white, and these
findings may therefore not be generalizable to people from other
ethnic backgrounds. A further limitation in our ability to fully
investigate the perspective of users with lower levels of health
literacy is that these participants provided fewer comments
about the website and our analysis of the articulated views of
users was unable to capture nonverbal indications of
accessibility or engagement barriers, such as pauses and silences.
Further research into the views of people with very low health
literacy is required.

It is important to be aware that, despite our best efforts to
encourage participants to freely express negative views, some
participants may have been reluctant to do so. For example, it

is possible that women did not find the intervention more
engaging than men, but were less willing to express negative
views of it. It is also important to remember that for the purpose
of health promotion it is necessary but not sufficient for an
intervention to be acceptable and engaging—it must also be
effective in achieving the intended behavioral outcomes. For
this reason, we are now undertaking a large trial to test the
effectiveness of our digital intervention for promoting health
literacy improvement (in knowledge, understanding, and
self-efficacy) and behavioral intentions with regard to increased
physical activity.

Conclusion
Most participants found the intervention generally acceptable
and engaging. Surprisingly, reactions were similar—and equally
positive—among those with higher and lower levels of health
literacy. This finding has importance for the reach and cost
effectiveness of digital health care, because it suggests that it
may not be necessary to develop multiple versions of
interventions for people with differing levels of health literacy.
However, our sample did not include people with the very lowest
levels of health literacy, who may well require different online
or offline interventions.

Some marked variations in preferences for how advice was
presented did emerge; for example, many people particularly
appreciated the interactive quizzes and audiovisual sequences,
whereas a minority strongly disliked them. These variations in
preferences were partly linked to age, gender, and culture but
were not closely mapped onto demographic and psychosocial
characteristics, making it difficult to prescribe exactly what
format should be used for which population subgroup. This
suggests that perhaps a major benefit of Internet delivery of
health promotion is that it is possible to offer recipients a choice
of formats, allowing them to self-select those that they find most
accessible, attractive, and useful. This approach permits users
to engage in what has been termed “self-tailoring” [35], in
contrast to the pre-emptive tailoring to major preferences in
target groups that intervention developers must use when
constrained by the page limits of printed materials. Offering
users a choice of how they engage with interventions has the
potential to promote autonomous motivation [21] and is
consistent with the way in which people are accustomed to using
the Internet. However, conventional tailoring may still be
required to ensure that users are not presented with material or
elements that they find so alienating or demotivating that they
simply cease using the intervention—for example, the images
of older people that younger participants could not relate to in
our study, or the German accents that our Austrian participants
found off-putting.

Practice Implication
These findings have clear implications for those who develop
health-related websites and digital interventions; these can and
should be designed to be accessible and engaging for people
with a wide range of levels of health literacy, to help to
overcome the “digital divide” and reduce health inequalities.
This can be achieved by following the established good design
principles we drew on and then using findings from iterative
qualitative research to maximize the perceived relevance,
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credibility, and feasibility of the intervention for different
members of the target population. Incorporating interactive and
audiovisual elements to increase interest and engagement may
also be useful but requires careful development to ensure that
they are appropriate for people of both genders, different ages,
and from different cultures. Finally, with regard to international

dissemination of digital interventions, our findings indicate that
the acceptability of interventions is likely to be similar across
different countries but can also be improved by making
modifications on the basis of feedback from interviews to
increase the perceived relevance to the specific cultural context.
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Abstract

Background: After alcohol and tobacco, cannabis is the most widely used psychoactive substance in many countries worldwide.
Although approximately one in ten users develops serious problems of dependency, only a minority attend outpatient addiction
counseling centers. A Web-based intervention could potentially reach those users who hesitate to approach such treatment centers.

Objective: To test the efficacy of a Web-based self-help intervention with and without chat counseling—Can Reduce—in
reducing the cannabis use of problematic cannabis users as an alternative to outpatient treatment services.

Methods: Altogether, 436 participants were recruited by various online and offline media for the Web-based trial. A total of
308 of these were eligible for study participation and were randomly allocated in an unblinded manner to either self-help with
chat (n=114), self-help without chat (n=101), or a waiting list control group (n=93). The fully automated self-help intervention
consisted of eight modules designed to reduce cannabis use, and was based on the principles of motivational interviewing,
self-control practices, and methods of cognitive behavioral therapy. Additional individual chat counseling sessions were based
on the same therapeutic principles. The sessions were conducted by trained counselors and addressed participants' personal
problems. The main outcomes were the frequency (number of days) and quantity of cannabis use (number of standardized joints)
per week, as entered into the consumption diary at baseline and at the 3-month follow-up. Secondary outcomes included self-reported
symptoms of cannabis use disorder, severity of cannabis dependence, risky alcohol use, and mental health symptoms. Intervention
participation and retention were extracted from the user progress data and the consumption diary, respectively.

Results: Can Reduce participants were older (U=2.296, P=.02) and reported a greater number of cannabis use days at baseline
than patients who entered outpatient treatment with cannabis as their main problem substance (data from the Swiss treatment
demand monitoring statistics were used; chi-square [df 2]=4.0, P=.046). Participants in the self-help with chat study arm completed
a mean of 3.2 modules and 27 out of 114 (23.7%) of the participants received at least one chat session. Participants in the self-help
without chat study arm completed similar numbers of self-help modules. A total of 117 of 308 participants (38.0%) completed
the 3-month follow-up assessment. The change in the mean number of cannabis use days per week at 3 months differed between
self-help without chat (mean change 0.7, SD -0.2) and self-help with chat (mean change 1.4, SD -0.5; beta=-0.75, SE=0.32,
t=-2.39, P=.02, d=0.34, 95% CI 0.07-0.61), as well as between self-help with chat and waiting list (mean change 1.0, SD -0.8;
beta=0.70, SE=0.32, t=2.16, P=.03, d=0.20, 95% CI -0.07 to 0.47). However, there were no differences between self-help without
chat and waiting list (beta=-0.05, SE=0.33, t=-0.16, P=.87, d=-0.14, 95% CI -0.43 to 0.14). Self-reported abstinence was
significantly different in the self-help without chat study arm (2.0%) than in the self-help with chat study arm (8.8%; beta=-1.56,
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SE=0.79, P=.05, odds ratio [OR]=0.21, 95% CI 0.02-2.33). There were no significant differences between the study arms with
respect to the secondary outcomes.

Conclusions: Web-based self-help interventions supplemented by brief chat counseling are an effective alternative to face-to-face
treatment and can reach a group of cannabis users who differ in their use and sociodemographic characteristics from those who
enter outpatient addiction treatment.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 59948178;
http://www.isrctn.com/ISRCTN59948178 (Archived by WebCite at http://www.webcitation.org/6bt01gfIr)

(J Med Internet Res 2015;17(10):e232)   doi:10.2196/jmir.4860

KEYWORDS

cannabis; Internet; chat; Web based; self-help; cognitive behavioral therapy; motivational interviewing; counseling; self-control;
behavioral self-management

Introduction

Web-based self-help programs that aim to reduce cannabis use
might help to reach cannabis users who do not want to enter
available outpatient addiction counseling services due to their
fear of being stigmatized or their need to distance themselves
socially from drug counselors [1]. Moreover, the limited opening
hours of many outpatient addiction services might act as a
barrier to care for some users [1]. It has been estimated that
approximately 22% of Europeans between 15 and 64 years of
age have tried cannabis. A total of 6.8% of Europeans report
using cannabis in the preceding month and an estimated 3
million report daily cannabis use [2]. Switzerland has the
third-highest national prevalence of cannabis use in Europe; the
12-month prevalence rate is 5.7% (men 7.8%, women 3.7%)
and the 30-day prevalence rate is 2.7% (men 3.7%, women
1.7%) [3]. The age group with the highest prevalence is between
15 and 24 years of age; this group has a 12-month prevalence
rate of 19.9%, and nearly one in five members from this group
uses cannabis daily [3]. Daily cannabis use is associated with
greater risks of developing cannabis dependence, poor mental
and physical health, lower educational achievement, and
decreased cognitive functioning [4]. The risks of cannabis
dependence [5] and problems with cannabis use [6] are
considerably higher in cannabis users with early rather than late
onset of use.

Treatment demand statistics from Swiss in- and outpatient
addiction treatment centers demonstrated a linear
increase—from 2006 (9.9%) to 2012 (14.7%)—in new treatment
entry cases for whom cannabis was the main problem substance
[7]. The main group seeking treatment for cannabis use disorder
mainly consists of adolescents and young adults between the
ages of 15 and 24 years old (71.6%) and are predominantly male
(82.5%) [8]. In Europe, cannabis is the main problem substance
for almost 40% of all individuals entering addiction treatment
for the first time and has been a more frequent problem than
opioids since 2006 [9]. It has been estimated that about 50% of
problematic cannabis users will develop cannabis dependence
[5] and many of these exhibit mental health problems; however,
most of them are not yet in treatment. Raising awareness of
cannabis-related risks to physical health might also encourage
users to reduce or quit cannabis use [10]. In general, the
principle of stepped care (ie, noninvasive, low-cost interventions
in which therapeutic intensity can be enhanced according to

need) appears to be an appropriate means for problematic
cannabis users to lower their ever-increasing health care costs
[11], and this consideration is of interest in Switzerland and
other industrialized countries suffering from exorbitant health
costs.

An initial meta-analysis included diverse studies that mainly
investigated computer- and some Web-based interventions to
reduce cannabis consumption and found a small overall effect
size (g=0.16, 95% CI 0.09-0.22, P<.001) at posttreatment. There
have now been three studies on the efficacy of Web-based
interventions to reduce cannabis use in problematic users. First,
the German Quit the Shit program [12] is based on principles
of self-regulation and self-control and is a solution-focused
approach. This program is structured into weekly personalized
feedback sessions based on participants’ consumption diary
entries, and intake and termination chats; the total allowed
program time is 50 days. Tossmann et al [12] recruited a total
of 1292 cannabis users and found significant reductions in
cannabis use in their intention-to-treat (ITT) analyses, but with
high attrition rates. Second, a distinct version of the program
was developed that consisted of one comprehensive chat session
with motivational interviewing (MI) [13] in the intervention
group (n=33) versus a technical information chat in the control
group (n=34). No significant differences in cannabis use were
found between the study groups [14]. Third, the Australian
program, Reduce Your Use: How to Break the Cannabis Habit
[15], is a fully automated self-help intervention consisting of
six modules that aim to reduce the symptoms of cannabis use
disorders and which is based on cognitive behavioral therapy
(CBT) [16,17], MI [13], and behavioral self-management (BSM)
[18]. Its efficacy was tested in a randomized controlled trial
(RCT) and compared to a psychoeducative control condition
that also consisted of six modules (n=225). The frequency of
cannabis use and the quantity of cannabis consumed were both
reduced to a greater extent in the intervention group than in the
control group at 6 weeks and at the 3-month follow-up. They
achieved considerably higher participation rates at the 3-month
follow-up than the German Quit the Shit program (54% in the
intervention and 52% in the control condition) [12].

The combination of a fully automated self-help intervention
based on the approaches of Rooke et al [15], together with
additional individual chat sessions to reduce cannabis use, could
potentially increase the efficacy of interventions for problematic
cannabis users—in the sense that the use is harmful to the user
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or others—as has been demonstrated for the reduction of alcohol
use in problematic alcohol users [19].

Thus, the current study aims to investigate and compare the
efficacy of Web-based self-help interventions—in combination
with or without tailored chat counseling based on CBT, MI, and
BSM—in reducing cannabis use in problematic cannabis users.

Methods

Participants
Study participants were recruited by a press release, several
websites from local outpatient treatment centers, and from
nightlife prevention websites that were linked to the Can Reduce
website [20]. In addition, advertisements were placed in Internet
forums and recruitment flyers were distributed to Swiss

addiction service centers and practitioners in the Canton of
Zurich. Moreover, two major Swiss commuter newspapers and
one Swiss weekend newspaper published extensive reports on
the Can Reduce interventions in their print media and websites.
The collaboration of the Swiss Research Institute for Public
Health and Addiction (ISGF) and the Arud Centers for Addiction
Medicine (ARUD) as the responsible study institutions was
clearly stated in all recruitment channels.

Study inclusion and exclusion criteria are depicted in Table 1.
In addition to the email addresses in the registration process,
participants were asked to provide their telephone numbers in
case they could not be reached online for the 3-month follow-up
[1]. The participant information and informed consent page
from the Can Reduce website is provided in Multimedia
Appendix 1.

Table 1. Inclusion and exclusion criteria and rationales.

RationalesParticipant criteria

Inclusion criteria

To ensure a minimal age of participationMinimum age of 18 years

To ensure understanding of interventionsRead and understand German

To ensure participationInternet access and a valid email address

To include at least occasional usersUsing cannabis at least once a week over the 30 days prior to study entry

Exclusion criteria

To avoid exacerbation of serious symptoms of these severe
psychiatric disorders

Current serious psychiatric disorders or history of psychosis, schizophrenia, bipolar
type I disorder, or significant current suicidal or homicidal thoughts

To avoid confounding treatment effectsOther pharmacological or psychosocial treatments for cannabis use disorders

To avoid serious complications resulting, for example, from
withdrawal symptoms

For women: pregnancy and breastfeeding

Preparatory Work
The Web-based self-help intervention, Can Reduce, was based
on classical CBT approaches for treating cannabis dependence
[17], MI approaches [13], and BSM [18]. A detailed description
of the intervention can be found in the study protocol by Schaub
et al [1]. This randomized controlled trial was registered with
the International Standard Randomized Controlled Trial Number
(ISRCTN) registry (ISRCTN59948178).

Can Reduce is the first self-help intervention for problematic
cannabis users in Switzerland. It was developed by the authors
of this publication from the ISGF and the ARUD. Both
institutions are located in the Canton of Zurich, Switzerland.
Study participation was free of charge. The self-help part of
Can Reduce was developed according to the experiences of an
earlier study in problematic cocaine users [21,22] and the Global
Drug Survey cannabis meter [23], and was piloted for
acceptability and usability. The piloting was organized into two
steps. In the first step, we piloted Can Reduce with
cannabis-using students from the University of Zurich. In the
second step, we combined this with additional chat sessions
with two trained psychiatrists from ARUD and four of their
problematic cannabis-using patients. This pilot phase resulted
in some minor changes in the interventions.

Ethical Review and Informed Consent
The protocol of the RCT was approved by the Ethics Committee
of the Canton of Zurich (KEK-StV-Nr. 15/13) and was carried
out in compliance with the Helsinki Declaration. Before giving
informed consent, participants were informed of the following:
(1) the rationale of the study, (2) study inclusion and exclusion
criteria (see Table 1), (3) the three different arms and their 1:3
chance of being allocated to one of the arms, (4) the potential
risks of participation, (5) safety arrangements during and after
the study phase [19], (6) the inability of Can Reduce (with or
without chat counseling) to replace face-to-face therapy for
problematic cannabis use/abuse, (7) the circumstances under
which they should contact their general practitioner or a
professional from a medical advisory group; an emergency list
that would be accessible at all times via an instant help button
was provided as well, (8) the approval of the study by the Ethics
Committee of the Canton of Zurich and their declaration of no
objection (nihil obstat), and (9) their right to withdraw from the
study at any time without consequences except for the loss of
further compensation. Informed consent was accepted when
participants clicked on all consent fields of the informed consent
page and submitted the consent by clicking the submission
button (see Multimedia Appendix 1).
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Study Arms and Contents
There were three different study arms. The first consisted of the
Web-based self-help intervention, Can Reduce, in combination
with up to two individual chat counseling sessions based on MI
and CBT approaches that considered the data the participants
entered into the self-help intervention and individual requests.
The second study arm consisted of the same intervention but
without chat counseling. Study arms 1 and 2 received weekly
automated motivational emails to remind the user to log in and

fill out the consumption diary. Study arm 3 consisted of a
classical waiting list and people in this arm received access to
the self-help intervention after 3 months.

The following modules, organized into three main parts, were
offered as a Web-based self-help intervention (study arms 1 and
2) and—as long as the participant did not feel an urgent need
to skip to a specific module—it was recommended that they
should be worked through in the order shown in Textbox 1
within the planned 6 weeks of intervention.

Textbox 1. Modules for the Can Reduce Web-based self-help intervention.

Part 1: Introduction

• Registration process

• Explanation of the "standard cannabis joint" concept and choice of the personal standard cannabis joint (see Figure 1), the cannabis consumption
diary, and the automated reminder emails

• Examination of the pros and cons resulting from a change in cannabis consumption patterns and further principles of motivational interviewing
to address motivation, followed by setting an appropriate target value for overall cannabis use, which is to be reached by the end of the intervention

• Explanation of the My Can Reduce folder

• Explanation of the emergency button for immediate responses to frequently asked questions and access to emergency contacts

Part 2: Key Modules (participants are encouraged to complete these modules in the order presented below; see Figure 2)

• Module 1: Strategies for goal achievement

• Module 2: Identifying risk situations

• Module 3: Dealing with cannabis craving

• Module 4: Dealing with relapses

Part 3: Further Modules (participants are encouraged to complete at least two, in any order)

• Module 5: Tobacco smoking during the reduction in cannabis use

• Module 6: Saying "no" to foster refusal skills

• Module 7: Dealing with burdens

• Module 8: Preserving achievements

Figures 1 and 2 show screenshots of the Can Reduce Web-based
intervention website. The following were also provided: a
glossary that explained the terms, definitions, and concepts used
in the intervention; a knowledge base about the history of
cannabis use; the effects and risks of cannabis use; concurrent
mental health problems; and the enhanced risks when cannabis
is mixed with tobacco and smoked, as in a previously developed
and positively evaluated cannabis group smoking cessation
program [10,24] (study arm 1 and 2). The knowledge base also
included harm reduction techniques with recommendations for
the use of cannabis [25,26].

The additional (up to two) chat counseling sessions with a
scheduled duration of 20 to 30 minutes in study arm 1 supported
behavioral change according to MI, discussed the modules of
the Web-based self-help part based on MI and CBT, and
reviewed the development of the consumption diary. Invitations
to chat sessions were sent by the counselors according to a
predefined procedure between weeks 1 and 2 for the first and
between weeks 4 and 6 for the second chat session. The chats
took place within the website in a small box at the bottom right
corner, while keeping the content of the webpage in view (see

Figure 2). It was initially planned that the structure of these chat
sessions should be fixed [1]. However, as a result of the
counselor supervision sessions, the structure of the chat session
was made more flexible and more dependent on the participants'
needs and served as a checklist for the counselors in order to
ensure that they covered all of the relevant contents.

The chat counselors received quarterly supervision sessions and
consisted of trained MI counselors, mainly psychologists or
psychiatrists with advanced or completed further education,
with at least one year of experience in treating cannabis-abusing
patients face to face. Specific quality standards were developed
for addiction chat counseling and implemented for this study
in the chat counselor supervision based on the study on the
development of a European Union framework for minimum
quality standards and benchmarks in drug demand reduction
treatment quality standards [27] and the Swiss national addiction
counseling quality standards [28].

To optimize and manage their interactions with clients,
counselors had access to a specific user management area to
add arranged chat dates, define statuses, and add personal
comments about their clients. With this tool, counselors could

J Med Internet Res 2015 | vol. 17 | iss. 10 |e232 | p.69http://www.jmir.org/2015/10/e232/
(page number not for citation purposes)

Schaub et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


follow their clients’ progress in reducing their cannabis use
through clearly arranged charts, and look up previous chat
histories. Specific lists helped counselors track their clients (eg,
a list with all users, my clients, or my upcoming chat sessions).

The Web-based self-help intervention and the subsequent
tailored chat counseling aimed to reduce cannabis use. However,
those participants who sought cannabis abstinence were also
encouraged to make step-by-step reductions until full abstinence

was reached. In accordance with the counselor supervision
group, we deviated from the study protocol [1] by introducing
the option to dispense with a second chat session if a participant
and his/her counselor agreed that another chat would not be
needed.

Participants randomized to the waiting list had the opportunity
to participate in the Web-based self-help intervention 3 months
after registration.

Figure 1. Screenshot of the Can Reduce Web-based intervention, showing the decision on the standard cannabis joint prior to the first consumption
diary entry.
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Figure 2. Main menu of the Can Reduce Web-based intervention's study arm 1 with self-help plus chat counseling that took place within the website
in a small box at the bottom right corner.

Detailed Study Hypotheses
This study aimed at comparing the efficacy of a Web-based
self-help intervention alone or combined with chat counseling
in the reduction of the cannabis use of problematic cannabis
users within a three-arm randomized controlled trial with
assessments at baseline and 3-month follow-up (see Multimedia
Appendix 2 for the CONSORT-EHEALTH checklist [29]).

We hypothesized that Web-based interventions—which are
more interactive—would be more effective than less interactive
interventions in reducing cannabis use among problematic
cannabis users. We tested the following detailed study
hypotheses with respect to the main outcome (ie, the reduction
of the weekly cannabis used between the baseline and the
3-month follow-up):

1. Tailored chat-based counseling in combination with
Web-based self-help for the reduction of cannabis use (study
arm 1) is more effective than the waiting list control
condition (study arm 3).

2. Web-based self-help for the reduction of cannabis use (study
arm 2) is more effective than the waiting list control
condition (study arm 3).

3. Chat-based counseling in addition to Web-based self-help
for the reduction of cannabis use (study arm 1) exhibits a
trend to be more effective than Web-based self-help alone
(study arm 2).

Measurement Instruments
The primary outcome measure was the recorded quantity of
cannabis use in the previous 7 days, quantified in individually
standardized cannabis joint sizes, and as specified in the
consumption diary (see Table 2 and Schaub et al for further
details [1]). In the first step, participants chose between three
different cannabis forms presented in photographs—low-potency
cannabis plant, high-potency cannabis plant, or cannabis resin

(see Figure 1). In the second step, five different standard joints
for each category were presented (1/10 g, 1/6 g, 1/4 g, 1/3 g,
1/2 g; pictures came from the Global Drug Survey cannabis
meter [23]); these joints were either pure cannabis or cannabis
mixed with tobacco. A standard tobacco cigarette, a ruler with
centimeter and millimeter scales, the fraction amount in grams,
and an open 10 cm paper prepared to roll a joint and containing
the cannabis plant-/resin-tobacco mixture or pure cannabis were
presented. Participants chose which picture most closely
approximated the cannabis joints they most often smoke. The
chosen picture was placed in the individual consumption diary
(see Figure 1), and participants were asked to convert the
quantities of cannabis they smoked into units relative to that
picture if they exceptionally consumed cannabis in forms other
than their common standard joint. As this kind of outcome
assessment has not previously been used in an efficacy trial, we
also considered the number of cannabis use days in the last 7
days as a primary outcome [1].

The following secondary outcome instruments were applied:

1. The Cannabis Use Disorders Identification Test (CUDIT),
which is a 10-item questionnaire [30] that was constructed by
adapting the Alcohol Use Disorders Identification Test [31].
To cover the length of the trial, this instrument was adapted to
focus on the last 3 months in its planned assessments (baseline
and 3-month follow-up).

2. The Severity of Dependence Scale (SDS), which is a five-item
questionnaire that measures the severity of cannabis dependence.
Each of the five items is scored on a 4-point scale (0-3). The
total score is obtained by adding the ratings on all five items.
High scores indicate high levels of dependency [32].

3. The Cannabis Withdrawal Scale (CWS) [33], which is a
19-item questionnaire containing statements that describe
cannabis withdrawal symptoms within the last 24 hours on an
11-point scale (0-10).
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4. The Cannabis Craving Symptoms questionnaire (CCS-7),
which is a seven-item questionnaire [34] derived from the
Marijuana Craving Questionnaire [35]. Each item is rated on a
7-point scale (1-7).

5. The Fragebogen Substanzanamnese (FDA), which is a
questionnaire that ascertains the number of years of consumption
over the lifetime, the past month’s consumption, and the manner
of consumption for the Diagnostic and Statistical Manual of
Mental Disorders’ substances of abuse. This measure was
derived from the Europe Addiction Severity Index [36].

6. The short version of the Mental Health Inventory (MHI-5)
[37], which is a validated and user-friendly self-assessment

questionnaire that assesses recent mental distress and
self-reported diagnoses of depression.

None of the secondary outcome instruments has yet been
specifically validated for Internet use. Intervention satisfaction
for all modules, the diary, the chat, the knowledge base, the
instant help, and the overall satisfaction was ascertained on a
4-point scale, ranging from not at all useful to very useful.
Finally, intervention participation was assessed for completed
modules each time a participant pressed the back to the main
menu button at the very end of a module. Retention was
calculated as the percentage of days per week a user entered
any number of cannabis use in the diary.

Table 2. Study measurements and instruments.

3-month follow-up6 weeks3 weeks1 weekBaselineAssessments/instruments

xSociodemographics

xxMHI-5a

xxxxxQuantity of cannabis useb

xxxxxFrequency of cannabis useb

xxCUDITc

xxxSDSd

xxxFDAe

aMental Health Inventory (MHI-5).
b7-day point prevalence values of the quantity (in common standard joints) and frequency (the number of days on which cannabis is used) of cannabis
use were derived from the consumption diary for the preceding 7 days.
cCannabis Use Disorders Identification Test (CUDIT).
dSeverity of Dependence Scale (SDS).
eFragebogen Substanzanamnese (FDA).

Sample Size
Based on results of the study of Rooke et al [15], we expected
small to medium effect sizes of at least 0.30 (Cohen’s d) for the
reduction in the quantity of cannabis used and the frequency of
cannabis use between study arm 2 (Web-based self-help without
chat counseling) and study arm 3 (waiting list control) between
baseline and follow-up assessment, and greater effects between
study arms 1 and 3. We estimated a sample size of 89 in each
study group that would have 80% power (F test, alpha = 5%)
to detect these differences, as based on calculations with
G*Power software version 3.1. Therefore, we aimed to recruit
a total of 267 participants [1]. We had no reference values for
the expected differences in effects between study arms 1 and 2
and thus planned an exploratory study of effect sizes in case we
failed to reach significance for these study arm comparisons.

Randomization and Allocation
Once participants had completed their baseline assessment, they
were randomized by a computer program in a 1:1:1 ratio to one
of three parallel groups. As the participant information offered
full transparency on the three study arms in our nonblinded
design, we anticipated a risk that some participants might
register another account, in an effort to change their assignment
and access a different study arm. In that case, the participant

remained in the initially assigned study arm for the rest of the
day, as based on his or her IP address.

Statistical Methods
Data were analyzed according to the intention-to-treat principle.
For the ITT analyses, in departure from the study protocol, we
applied multiple imputation procedures of R (R Foundation for
Statistical Computing, Vienna, Austria) in Amelia II that have
been demonstrated to outperform other imputation methods
[38]. For each study arm, we performed 50 separate imputations
using the following as imputation variables: sex, age, education,
origin, years of cannabis use, number of finished modules, the
baseline variables for frequency and quantity of cannabis use,
alcohol use in the last 30 days (risky and normal), SDS, CUDIT,
and MHI-5. Baseline measurements were compared between
the three study arms and study participants were compared with
people entering addiction treatment according to data from the
Swiss addiction, care and therapy information (act-info)
monitoring statistics. Depending on the scale of the
corresponding outcome, Mann-Whitney U tests, chi-square
tests, or analyses of variance (ANOVA) were calculated via
SPSS version 22.0 (IBM Corporation). The calculation of the
changes between baseline and the 3-month follow-up was
modified from the protocol, as there were a considerable number
of missing values at the 6-week assessment. Regression analyses
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in R were used for the calculated differences between 3-month
follow-up and baseline, using the corresponding baseline
variables as control variables. Results from the imputed dataset
were cross-checked with the nonimputed dataset in the latter
analyses. In departure from the study protocol, we dispensed
with analyzing the Cannabis Withdrawal Scale and the Cannabis
Craving Symptoms questionnaire data [1], as very low numbers
of questionnaires were completed at intervention weeks 3 and
6. In the study dropout analysis, we conducted regression
analyses to investigate the interaction effect of relevant baseline
characteristics (ie, sociodemographic and consumption
characteristics) between those who did and those who did not
provide a 3-month follow-up. These analyses were conducted
for the total sample and for each study arm separately. Similar
analyses were conducted in the subgroup analyses.

Results

Participant Flow
Figure 3 provides an overview of the trial flow. Recruitment
started in the beginning of June 2014 and ended on February

28, 2015, after exceeding the total estimated number of 267
participants. Of the 436 Can Reduce registrants recruited, 308
(70.6%) were allocated to one of the three study arms.

Three months after the baseline assessment, participants were
invited by email to log in and complete the final study
assessment; they were reimbursed with €40 (via an online
voucher or an online charitable donation). The follow-up
assessment was performed in three steps. First, participants
were invited via email to participate in the assessment. Up to
three reminders were sent. Those participants who failed to
complete the 3-month follow-up despite these reminders were
contacted via telephone and offered an interview by study
collaborators. Those participants who refused a telephone
interview were offered an interview on the primary outcome
only. Finally, 117 out of 308 participants (38.0%) could be
followed up with.
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Figure 3. CONSORT-EHEALTH trial flowchart: overview of the participant flow for this trial.

Participants’ Baseline Characteristics
Table 3 provides an overview of the participants’ characteristics
and comparisons between the three study arms at baseline
assessment. In comparison with participants whose main
problem substance was cannabis in the Swiss treatment
monitoring statistics (act-info) in 2013 [7], Can Reduce
participants demonstrated a similar gender distribution (75.3%

males in Can Reduce vs 82.4% act-info, U=1.342, P=.18),
tended to be older within the age groups between 20 and 69
years old (U=2.296, P=.02), and reported a higher number of
cannabis use days in the 7 days prior to intervention start (70.9%
daily use in Can Reduce vs 41.4% act-info; 20.2% 4-6 days per
week Can Reduce vs 10.5% act-info; 5.2% 2-3 days per week
Can Reduce vs 21.7% act-info; 3.8% 1 day a week Can Reduce
vs 26.3% act-info; chi-square [df 2]=4.0, P=.046).
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Table 3. Baseline characteristics of participants.

P
χ2, ANOVAd, or
Kruskal-Wallis testTotal (n=308)

Study arm 3c

(n=93)
Study arm 2b

(n=101)
Study arm 1a

(n=114)Characteristics

.12χ2
2=4.3 (n=308)Sex, n (%)

76 (24.7)17 (18)24 (23.8)35 (30.7)Female

232 (75.3)76 (82)77 (76.2)79 (69.3)Male

.15F2,308=1.94029.8 (10.0)31.0 (11.1)30.2 (9.2)28.4 (9.6)Age in years, mean (SD)

.14χ2
2=3.9 (n=308)Age range, n (%)

54 (17.5)18 (19)12 (11.9)24 (21.1)≤20 years

63 (20.5)13 (14)19 (18.8)31 (27.2)21-25 years

64 (20.8)19 (20)29 (28.7)16 (14.0)26-30 years

50 (16.2)15 (16)18 (17.8)17 (14.9)31-35 years

35 (11.4)11 (12)10 (9.9)14 (12.3)36-40 years

18 (5.8)7 (8)5 (5.0)6 (5.3)41-45 years

24 (7.8)10 (11)8 (7.9)6 (5.3)46+ years

.57χ2
10=8.6 (n=308)Highest education, n (%)

12 (3.9)5 (5)3 (3.0)4 (3.5)Not specified

41 (13.3)11 (12)12 (11.9)18 (15.8)Primary school

122 (39.6)41 (44)38 (37.6)43 (37.7)Apprenticeship

49 (15.9)17 (18)13 (12.9)19 (16.7)Secondary school

57 (18.5)13 (14)26 (25.7)18 (15.8)Technical college

27 (8.8)6 (7)9 (8.9)12 (10.5)University

.23χ2
6=8.1 (n=308)Origin, n (%)

127 (41.2)42 (45)33 (32.7)52 (45.6)Canton of Zurich

162 (52.6)48 (52)61 (60.4)53 (46.5)Other cantons

16 (5.2)3 (3)5 (5.0)8 (7.0)Germany

3 (1.0)0 (0)2 (2.0)1 (0.9)Other countries

.69F2,308=0.3719.6 (6.1)19.1 (6.2)19.7 (6.4)19.8 (5.8)CUDITe, mean (SD)

.69F2,308=0.377.5 (3.4)7.3 (3.2)7.5 (3.6)7.7 (3.5)SDSf, mean (SD)

.90F2,308=0.1154.3 (20.5)55.1 (22.6)53.9 (20.0)54.0 (19.3)MHI-5g, mean (SD)

Number of years of substance use,
mean (SD)

.04hF2,305=3.2910.9 (8.4)12.6 (10.0)10.9 (7.6)9.6 (7.4)Cannabinoids

.97F2,228=0.032.6 (5.7)2.7 (6.4)2.6 (5.3)2.5 (5.6)Risky alcohol usei

.52F2,222=0.671.1 (3.4)0.8 (1.8)1.4 (3.8)1.1 (4.3)Cocaine

.40F2,208=0.910.8 (2.4)0.6 (2.0)1.1 (3.1)0.7 (2.0)Amphetamines

Substance use in the last 30 days, n
(%)

N/Aj
Not computable (no vari-
ance)305 (99.0)93 (100)100 (99.0)112 (98.2)Cannabinoids

.28χ2
2=2.6 (n=226)97 (31.5)31 (33)26 (25.7)40 (35.1)Risky alcohol usei

.74χ2
2=0.6 (n=215)20 (6.5)5 (5)8 (7.9)7 (6.1)Tranquilizers
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P
χ2, ANOVAd, or
Kruskal-Wallis testTotal (n=308)

Study arm 3c

(n=93)
Study arm 2b

(n=101)
Study arm 1a

(n=114)Characteristics

.26χ2
2=2.7 (n=223)31 (10.1)10 (11)14 (13.9)7 (6.1)Cocaine

.90χ2
2=0.2 (n=221)43 (14.0)14 (15)13 (12.9)16 (14.0)Amphetamines

.76χ2
2=0.6 (n=210)14 (4.5)4 (4)4 (4.0)6 (5.3)Hallucinogens

.40χ2
2=1.8 (n=201)1 (0.3)0 (0)1 (1.0)0 (0)Heroin

.40χ2
2=1.9 (n=197)5 (1.6)3 (3)1 (1.0)1 (0.9)Methadone

.21χ2
2=3.1 (n=198)6 (1.9)1 (1)1 (1.0)4 (3.5)Others

aSelf-help with chat.
bSelf-help without chat.
cWaiting list.
dAnalysis of variance (ANOVA).
eCannabis Use Disorders Identification Test (CUDIT) scores range from 0 to 40 with a cutoff of >8 for a cannabis use disorder.
fSeverity of Dependence Scale (SDS) scores range from 0 to 15 with a cutoff of ≥4 for cannabis dependence.
gMental Health Inventory (MHI-5): higher values represent improved symptoms. MHI-5 values range from 0 to 100 with a cutoff of <70 for clinically
relevant symptoms.
hP<.05, represents a significant value.
iRisky alcohol use was defined as five or more standard drinks per day on at least three days per week. A standard drink was defined as 5 cl spirits,
15-20 cl wine, or 33-45 cl beer.
jNot applicable (N/A).

Intervention Participation and Retention
Figure 4 depicts the module completion by participants in study
arms 1 and 2. Participants in the self-help with chat study arm
completed a mean of 3.2 modules and 27 out of 114 (23.7%)
of the participants received at least one chat session. Participants
in the self-help without chat study arm completed similar

numbers of self-help modules (U=-1.189, P=.23). Participants
in study arm 1 more frequently completed the consumption
diary than those in study arm 2 during their recommended 6
intervention weeks (U=-2.375, P=.02; see Figure 5). Of the 27
users in study arm 1 who received chat counseling sessions, 23
(85%) received one session and 4 (15%) received two sessions.

Figure 4. Module completion rate for study arms 1 (self-help with chat) and 2 (self-help without chat).
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Figure 5. Study retention based on the weekly completion of the consumption diary for study arms 1 (self-help with chat) and 2 (self-help without
chat) between baseline and week 6, including 3-month follow-up completion rate.

Main Outcomes
Figure 6 depicts the mean numbers of cannabis use days per
week and Figure 7 the mean weekly quantity of cannabis used
in standard joints according to the consumption diary, between
baseline and follow-up for all three study arms and based on
the nonimputed dataset.

The differences in cannabis use between baseline and the
3-month follow-up, as expressed by the mean number of
cannabis use days per week and based on the imputed data,

differed between self-help without chat versus self-help with
chat (beta= -0.75, SE = 0.32, t=-2.39, P=.02, d=0.34, 95% CI
0.07-0.61), and between self-help with chat versus waiting list
(beta= 0.70, SE = 0.32, t=2.16, P=.03, d=0.20, 95% CI -0.07
to 0.47), but not between self-help without chat versus waiting
list (beta= -0.05, SE = 0.33, t=-0.16, P=.87, d=-0.14, 95% CI
-0.43 to 0.14). In contrast, we only observed one trend to a
significant difference in the weekly quantity of standard joints
in the comparison of self-help with chat versus waiting list in
the imputed dataset (beta = 4.73, SE = 2.50, t=1.89, P=.06,
d=0.09, 95% CI -0.19 to 0.36; see Tables 4 and 5).

Figure 6. Cannabis use days per week according to the consumption diary between baseline and 3-month follow-up for all three study arms based on
the nonimputed dataset.
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Figure 7. Weekly quantity of cannabis used in number of standardized cannabis joints between baseline and 3-month follow-up for all three study arms
based on the nonimputed dataset.

Secondary Outcomes
There were no significant differences in the group comparisons
in the secondary outcomes (see Tables 4 and 5). We observed
slight improvements in mental health (MHI-5), cannabis use
disorders (CUDIT), and severity of dependence (SDS) in all
three groups (see Table 4; pre/post comparisons not reported).
Assessment of the intervention satisfaction was completed by

only a few participants at 6 months past baseline and we
therefore omit group comparisons. Not surprisingly, those who
remained in the active study arms rated their satisfaction as high
(eg, intervention satisfaction in general [19/308, 6.2%]: very
satisfied 42% [8/19], quite satisfied with most of the intervention
42% [8/19], quite unsatisfied with most of the intervention 11%
[2/19], quite unsatisfied 5% [1/19]).
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Table 4. Number of participants and mean and standard deviation changes from the imputed (50 imputations) and complete case datasets between
baseline and 3-month follow-up.

Study arm 3

(waiting list)

(n=93), mean (SD)

Study arm 2

(self-help without chat)

(n=101), mean (SD)

Study arm 1

(self-help with chat)

(n=114), mean (SD)

Outcomes

Follow-upBaselineFollow-upBaselineFollow-upBaseline

Frequency of cannabis use a

5.3 (1.8)6.3 (1.0)5.3 (1.8)6.0 (1.6)4.6 (2.1)6.0 (1.6)Imputed data

5.3 (2.5)6.7 (0.9)5.5 (2.3)6.1 (1.7)3.8 (3.0)6.1 (1.6)Complete cases

Quantity of cannabis use b

18.6 (17.7)25.8 (18.7)14.4 (11.8)23.1 (23.1)13.3 (12.0)22.3 (14.8)Imputed data

20.7 (23.7)23.6 (13.2)14.2 (13.3)25.1 (25.2)10.9 (13.8)23.0 (15.1)Complete cases

CUDIT c

16.6 (6.4)19.1 (6.2)15.6 (6.7)19.7 (6.4)16.6 (7.1)19.8 (5.8)Imputed data

16.0 (7.2)19.1 (6.2)13.0 (7.4)19.7 (6.4)12.6 (8.4)19.8 (5.8)Complete cases

SDS d

6.3 (3.3)7.3 (3.1)6.2 (3.1)7.5 (3.6)6.3 (3.3)7.7 (3.5)Imputed data

5.9 (3.8)7.3 (3.1)6.0 (3.3)7.5 (3.6)5.3 (3.8)7.7 (3.5)Complete cases

MHI-5 e

59.4 (19.4)55.1 (22.6)60.4 (19.1)53.9 (20.0)58.1 (18.2)53.9 (19.3)Imputed data

64.6 (18.3)55.1 (22.6)63.4 (20.4)53.9 (20.0)62.4 (19.8)53.9 (19.3)Complete cases

Alcohol use in the last 30 days (risky)

3.3 (4.0)4.5 (7.9)2.2 (3.0)2.4 (5.0)2.8 (2.8)3.4 (6.2)Imputed data

2.1 (4.7)4.5 (8.7)1.0 (2.6)2.5 (5.8)1.6 (2.6)3.4 (7.0)Complete cases

aBased on the weekly number of cannabis use days according to the consumption diary.
bBased on the weekly number of standard cannabis joints according to the consumption diary.
cCannabis Use Disorders Identification Test (CUDIT) scores range from 0 to 40 with a cutoff of >8 for a cannabis use disorder.
dSeverity of Dependence Scale (SDS) scores range from 0 to 15 with a cutoff of ≥4 for cannabis dependence.
eMental Health Inventory (MHI-5): higher values represent improved symptoms. MHI-5 values range from 0 to 100 with a cutoff of <70 for clinically
relevant symptoms.

J Med Internet Res 2015 | vol. 17 | iss. 10 |e232 | p.79http://www.jmir.org/2015/10/e232/
(page number not for citation purposes)

Schaub et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Results for the between-study arma comparisons from the linear (and logistic) regression models and calculated effect sizes based on the
imputed dataset (50 imputations).

Cohen's d (95% CI)PtSEbetaCharacteristics

Frequency of cannabis use b

<.001-6.760.58-3.95(Intercept)

0.20 (-0.07 to 0.47).03 c2.160.320.70Arm 1 vs arm 3

-0.14 (-0.43 to 0.14).87-0.160.33-0.05Arm 2 vs arm 3

<.001-5.790.56-3.25(Intercept)

0.34 (0.07 to 0.61).02-2.390.32-0.75Arm 2 vs arm 1

Quantity of cannabis use d

<.001-6.462.24-14.50(Intercept)

0.09 (-0.19 to 0.36).061.892.504.73Arm 1 vs arm 3

0.06 (-0.22 to 0.35).121.562.423.77Arm 2 vs arm 3

<.001-5.091.92-9.78(Intercept)

0.01 (-0.26 to 0.28).69-0.392.43-0.96Arm 2 vs arm 1

CUDIT e

<.001-6.461.61-10.39(Intercept)

0.09 (-0.18 to 0.37).850.191.290.24Arm 1 vs arm 3

0.21 (-0.07 to 0.49).320.991.201.19Arm 2 vs arm 3

<.001-6.051.68-10.14(Intercept)

-0.12 (-0.39 to 0.14).410.821.160.95Arm 2 vs arm 1

SDS f

<.001-7.340.64-4.68(Intercept)

0.08 (-0.19 to 0.36).960.050.580.03Arm 1 vs arm 3

0.07 (-0.21 to 0.35).860.170.560.10Arm 2 vs arm 3

<.001-7.190.65-4.65(Intercept)

0.02 (-0.25 to 0.28).900.130.550.07Arm 2 vs arm 1

MHI-5 g

<.001-10.154.33-43.91(Intercept)

0.01 (-0.27 to 0.28).780.283.440.96Arm 1 vs arm 3

-0.09 (-0.38 to 0.19).69-0.403.42-1.38Arm 2 vs arm 3

<.001-10.374.14-42.95(Intercept)

0.11 (-0.16 to 0.38).48-0.713.28-2.34Arm 2 vs arm 1

Alcohol use in the last 30 days (risky)

<.001-5.090.56-2.84(Intercept)

-0.10 (-0.38 to 0.17).610.520.630.32Arm 1 vs arm 3

-0.16 (-0.44 to 0.12).251.140.730.83Arm 2 vs arm 3

<.001-5.460.46-2.52(Intercept)

0.06 (-0.20 to 0.33).400.840.610.51Arm 2 vs arm 1

aStudy arm 1: self-help with chat; study arm 2: self-help without chat; study arm 3: waiting list.
bBased on the weekly number of cannabis use days according to the consumption diary.
cSignificant and borderline significant differences and effect sizes are in italics.
dBased on the weekly number of standard cannabis joints according to the consumption diary.
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eCannabis Use Disorders Identification Test (CUDIT) scores range from 0 to 40 with a cutoff of >8 for a cannabis use disorder.
fSeverity of Dependence Scale (SDS) scores range from 0 to 15 with a cutoff of ≥4 for cannabis dependence.
gMental Health Inventory (MHI-5): higher values represent improved symptoms. MHI-5 scores range from 0 to 100 with a cutoff of <70 for clinically
relevant symptoms.

Dropout Analysis
Dropouts at follow-up did not differ from completers with
respect to the following baseline variables: gender (t=1.34,
P=.16), age (t=-0.24, P=.81), years of cannabis use (t=0.18,
P=.86), frequency of cannabis use in the preceding 30 days
(t=0.22, P=.83), the weekly number of standardized cannabis
joints used (t=1.20, P=.42), the SDS (t=-1.52, P=.13), the
CUDIT (t=0.49, P=.63), alcohol use in the preceding 30 days
(t=1.20, P=.23), risky alcohol use in the preceding 30 days
(t=1.56, P=.12), and the MHI-5 (t=0.40, P=.69).

Significantly more participants could be followed up who
received at least one chat session compared to those who could
not be contacted at the 3-month follow-up (17.0% vs 5.5%,
chi-square [df 2]= 7.5, P=.001).

Dropouts did not differ between the three study arms with
respect to gender (F2 =0.04, P=.96), age (F2 = 1.13, P=.27),

years of cannabis use (F2 = 0.81, P=.79), frequency of cannabis
use in the preceding 30 days (F2 = 0.91, P=.59), the standardized
cannabis use quantity (F2 = 0.93, P=.60), the SDS (F2 = 1.20,
P=.23), the CUDIT (F2 = 0.94, P=.58), alcohol use in the
preceding 30 days (F2 = 0.57, P=.97), risky alcohol use in the
preceding 30 days (F2 = 0.48, P=.98), and the MHI-5 (F2 =
1.00, P=.47) at baseline.

Nonintended Results
Although not intended as an outcome measure, we also offered
cannabis abstention in the study protocol for those participants
who wished to achieve this [1]. Self-reported 7-day point
prevalence abstinence was significantly higher in self-help with
chat (8.8%) than in the self-help without chat study arm (2.0%;
beta = -1.56, SE = 0.79, P=.05, odds ratio [OR] = 0.21, 95% CI
0.02-2.33), but not between the self-help study arm with chat
and the waiting list control group (4.3%; beta = 0.76, SE = 0.61,
P=.21, OR = 2.14, 95% CI 0.86-5.30; see Tables 6 and 7).

Table 6. Number of participants in three study arms at each time point.

Study arm 3

(waiting list)

(n=93), n (%)

Study arm 2

(self-help without chat)

(n=101), n (%)

Study arm 1

(self-help with chat)

(n=114), n (%)

Study time point

N/Aa12 (11.9)9 (7.9)Week 1

N/A9 (8.9)8 (7.0)Week 6

4 (4)2 (2.0)9 (8.8)Follow-up

aNot applicable (N/A).

Table 7. Self-reported abstinence between groups and with the corresponding logistic regression.

ORa (95% CI)PtSEbetaAbstinence at follow-up

.061.880.020.04(Intercept)

2.14 (0.86-5.30).211.250.610.76Arm 1 vs arm 3

0.45 (0.11-1.78).36-0.910.88-0.80Arm 2 vs arm 3

<.001-7.070.33-2.34(Intercept)

0.21(0.02-2.33).05 b-1.980.79-1.56Arm 2 vs arm 1

aOdds ratio (OR).
bBorderline significant difference is shown in italics.

Subgroup Analyses
Participants in study arm 1 who received at least one chat session
exhibited lower changes in their entries in the consumption
diary. This meant that they took longer to complete the
consumption diary and exhibited higher retention (change in
mean 0.3 vs 0.5; beta = -0.28, SE = 0.12, P=.03, 95% CI -0.66
to -0.53) than those who did not receive the chat session in study
arm 1. In line with this, they completed twice as many modules
(mean 5.4, SD 2.8 vs mean 2.5, SD 2.1; t=5.45, df = 96, P<.001,
95% CI 1.88-4.00). Regarding cannabis use, these two

subgroups did not differ in their reduction in frequency (change
in mean 3.3 vs 1.9; beta = -1.38, SE = 0.93, P=.14, 95% CI
-3.19 to 0.44) or quantity (change in mean 15.2 vs 10.6; beta =
-4.61, SE = 4.44, P=.30, 95% CI -13.32 to 4.10).

Participants in study arm 1 who did not receive a chat session
for whatever reason did reduce their frequency of cannabis use
more (change in mean 1.9) than participants in study arm 2
(change in mean 0.7) who did not have the possibility for a chat
session due to their allocation (beta = -1.97, SE = 0.60, P=.001,
95% CI -3.14 to -0.80). However, they did not differ with respect
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to the reduction in the quantity of cannabis used (change in
mean 10.6 vs 10.3; beta = -0.33, SE = 6.48, P=.96, 95% CI
-13.03 to 12.37). There were no significant differences between
these two groups with respect to module completion (mean 2.5,
SD 2.1 vs mean 2.9, SD 2.4; t=-1.18, df = 159, P=.23), but those
in study arm 2 showed lower changes in their entries in the
consumption diary (change in mean 0.4 vs 0.5; beta = -0.28, SE
= 0.12, P=.03, 95% CI -0.66 to -0.53) compared to those who
did not receive the chat session in study arm 1.

Additional Help and Adverse Events
At the 3-month follow-up, 88.0% of participants (103/117)
stated that they had not contacted any other treatment services
(7 participants in study arm 1, 2 in study arm 2, and 5 in study
arm 3). A total of 5.1% (6/117) had contacted a psychiatrist,
2.6% (3/117) a family doctor, 1.7% (2/117) a psychologist,
1.7% (2/117) a different Internet counseling service, and 1
person (0.9%) a drug counselor. During the whole study period,
5 out of 308 (1.6%) participants contacted one of the outpatient
addiction clinics from the ARUD Centers for Addiction
Medicine. None of them had to be treated as an emergency case
or had to be referred to an inpatient treatment service. Moreover,
none of the involved counselors or researchers are aware of any
adverse or serious adverse event related to the Can Reduce study
that was reported by other addiction counseling services.

Discussion

Principal Findings
The Can Reduce study could reach a different group of cannabis
users who do not enter outpatient addiction treatment services.
They are older and consume much more cannabis than outpatient
service users. The finding that we reached cannabis users with
more entrenched problems (eg, daily users) is not consistent
with the common perception that those using online
interventions have less severe problems than those entering
outpatient services. We assume that this finding was most
probably due to an age effect. Older users consume longer and
possibly also more than younger ones but might feel more
stigmatized if they enter an outpatient addiction service, due to
their greater responsibilities and roles in social relationships, at
work, and in society in general.

Can Reduce participants allocated to the self-help with chat
study arm reduced their frequency of cannabis use more than
those in the other two arms. Even cannabis abstinence was
higher among those who received additional chat counseling
relative to those who received self-help only at follow-up. There
was a trend (P=.06) for a greater reduction in quantity of
cannabis use in those who received chat versus those in the
waiting list group and only a weak tendency (P=.12) for the
comparison of those with self-help only versus waiting list.
Hence, adding one to two chat counseling sessions that are
tailored to the self-help participant data and are based on the
same therapy approaches as the self-help part can be worthwhile.

As only one-quarter received at least one chat session, the
question arose as to what was actually responsible for the
superiority of the self-help with chat study arm. The subgroup
analyses showed that those participants in study arm 1 who did

not receive a chat session reduced their frequency of cannabis
use more than those who received self-help only from the
beginning (study arm 2). Thus, even an invitation to a chat
session and the knowledge that there is a possibility to have a
chat appointment might have improved this main outcome for
cannabis use. To the best of our knowledge, there are no similar
studies in the literature that have reported a comparable effect.
However, our result is in line with the first point of the
Supportive Accountability model [39] that argues that human
support increases adherence—and potentially
outcomes—through accountability to a coach who is seen as
trustworthy, benevolent, and having expertise. We took care
that our chat counselors were perceived as possessing these
attributes in the respective chat study arm.

However, those participants who actually received at least one
chat counseling session in study arm 1 still performed better in
their reduction of cannabis use and completed more self-help
modules than their counterparts who did not receive a chat
session in the same study arm. This result is in line with a further
point of the Supportive Accountability model [39] expecting
better outcomes due to a reciprocal relationship, through which
the patient can derive explicit benefits. However, this finding
could also be related to a selection bias. Those who actually
received at least one chat appointment with their counselor
could be a selected group of more compliant and possibly more
structured participants who could profit best from their allocated
intervention.

If we compare the current results with former studies about the
reduction of cannabis use with similar therapeutic approaches,
it stands out that participants in the Can Reduce self-help
without chat study arm performed worse than those in the
Australian Reduce Your Use study [15], in which greater effects
were achieved in the reduction of the quantity (d=0.06 vs d=0.25
in the Australian sample) and frequency of cannabis use days
(d=-0.14 vs d=0.33). This Australian study enrolled cannabis
users of a similar age range, but included more females (38.6%
vs 24.7%) and users with less severe cannabis consumption at
baseline. This may also be the reason that we did not observe
greater effects in the Severity of Dependence Scale, in contrast
to the Australian study (ITT: d=0.07 vs d=0.33). However, the
Australian study provided videos of a real person who provided
continuous MI during almost all parts of the intervention. This
clearly might have been an advantage compared to our version
with only written MI. Another possibility that could potentially
increase the engagement of self-help participants might be to
provide a personal companion with whom the participants could
identify, as we attempted in a similar ongoing trial with
problematic cocaine users [40]. The effects in the Can Reduce
self-help plus chat study arm were smaller for the quantity of
cannabis used (ITT: d=0.09 vs d=0.25) and similar for the
frequency of cannabis use days (ITT: d=0.34 vs d=0.33)
compared to the Australian self-help trial [15]. Participants in
the Can Reduce self-help with chat study arm performed better
than those in the more recent German Quit the Shit study with
respect to the reduction in the frequency of cannabis use days
(ITT: d=0.34 vs d=0.20) [11]. The German study recruited
younger participants (mean age 24.2 years, SD 5.8 vs mean age
29.8 years, SD 10.0).
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We observed a borderline significant effect in the abstention
rates between the self-help with chat and the self-help without
chat study arms. As we did not initially expect that enough
participants would maintain their abstinence, we omitted
abstinence as an outcome measure in the study protocol [1].
Abstinence rates were not reported in the German Quit the Shit
studies [12,14], but comparable differences between study arms
with respect to 3 months of abstinence were achieved in this
study (8.8%) and in the Australian study (5.8%) [15].

Setting a goal for cannabis consumption was implemented as
described in the study protocol [1]. In the introduction to the
consumption diary, we recommended that participants should
plan to reduce their cannabis use by at least 20 to 30% in the
first week and then continue with this strategy in subsequent
weeks if they succeeded. For participants who did not succeed,
we recommended that they created more modest goals until
their final aim was achieved. During the analyses of the
consumption diary patterns, we realized that there was a
considerable subgroup of participants who preferred to abstain
from cannabis even in the first week. Experiences from the chat
counseling sessions showed that, although the counselors in the
corresponding study arm strengthened this procedure in the
self-help intervention part, some participants argued that they
had learned from previous experience that they were much more
successful in stopping a potentially addictive behavior than in
reducing it. In this case, the counselors tried to encourage them
to abstain and to assist them in the maintenance of their
abstinence. However, this also resulted in some cases with a
new challenge. There was a substantial number of participants
in this subgroup who very quickly abstained from their cannabis
use and who did not log in again, although they were reminded
by automated reminder emails and/or their chat counselor, and
who then could not be reached at the follow-up assessment.
Possible strategies to prevent such early missing cases due to
abstention could be specific reminder emails sent automatically
and/or by introducing the chat counselor at an earlier stage.

Strengths and Limitations
The strengths of the Can Reduce study are that the intervention
is theory based and pretested, that this Web-based intervention

was able to reach cannabis users who otherwise would not have
sought help, and that we were able to disentangle the effects of
chat counseling additional to self-help for the reduction in
cannabis use in frequent cannabis users, three-quarters of whom
used cannabis daily. This study also possesses limitations that
merit consideration. First, we did not biologically validate
cannabis consumption for financial reasons, as we did not want
to limit participation to participants who were willing to provide,
for example, saliva samples, and as we did not want to limit
external validity. Second, we did not succeed in attaining a
better 6-week follow-up as intended in the study protocol, which
limits the explanatory power of the short-term effects of Can
Reduce. However, the 3-month follow-up rate (117/308, 38.0%)
was comparable to similar studies with problematic cannabis
users in Europe [12,14], but rather low compared to
Internet-based randomized controlled trials for the improvement
of nonaddiction-related problems. Moreover, we used the most
reliable imputation method available to handle missing data
[38] at follow-up. Third, due to ethical legislations, we had to
limit the minimal participation age to 18 years, as younger
participants would have needed parental informed consent, and
we expected that the overwhelming majority of minors would
avoid participation under these conditions. Moreover, this would
have been a contradiction with the concept of a maximally
anonymous Web-based intervention for the reduction of
cannabis use. Cannabis is still illegal in Switzerland and
Germany, from where the majority of participants in this study
come from. Fourth, participants were randomly allocated into
three study arms with slightly different sizes and a block
randomization could have prevented this.

Conclusions
In conclusion, the Can Reduce study demonstrated that
Web-based interventions possess the potential to reach heavy
cannabis users who differ from those who enter outpatient
addiction treatment services. We further conclude that offering
brief chat counseling in addition to Web-based self-help can
significantly increase success in the reduction of cannabis use
in the different groups of cannabis users investigated.
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Abstract

Background: The high prevalence of physical inactivity worldwide calls for innovative and more effective ways to promote
physical activity (PA). There are limited objective data on the effectiveness of Web-based personalized feedback on increasing
PA in adults.

Objective: It is hypothesized that providing personalized advice based on PA measured objectively alongside diet, phenotype,
or genotype information would lead to larger and more sustained changes in PA, compared with nonpersonalized advice.

Methods: A total of 1607 adults in seven European countries were randomized to either a control group (nonpersonalized
advice, Level 0, L0) or to one of three personalized groups receiving personalized advice via the Internet based on current PA
plus diet (Level 1, L1), PA plus diet and phenotype (Level 2, L2), or PA plus diet, phenotype, and genotype (Level 3, L3). PA
was measured for 6 months using triaxial accelerometers, and self-reported using the Baecke questionnaire. Outcomes were
objective and self-reported PA after 3 and 6 months.
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Results: While 1270 participants (85.81% of 1480 actual starters) completed the 6-month trial, 1233 (83.31%) self-reported
PA at both baseline and month 6, but only 730 (49.32%) had sufficient objective PA data at both time points. For the total cohort
after 6 months, a greater improvement in self-reported total PA (P=.02) and PA during leisure (nonsport) (P=.03) was observed
in personalized groups compared with the control group. For individuals advised to increase PA, we also observed greater
improvements in those two self-reported indices (P=.006 and P=.008, respectively) with increased personalization of the advice
(L2 and L3 vs L1). However, there were no significant differences in accelerometer results between personalized and control
groups, and no significant effect of adding phenotypic or genotypic information to the tailored feedback at month 3 or 6. After
6 months, there were small but significant improvements in the objectively measured physical activity level (P<.05), moderate
PA (P<.01), and sedentary time (P<.001) for individuals advised to increase PA, but these changes were similar across all groups.

Conclusions: Different levels of personalization produced similar small changes in objective PA. We found no evidence that
personalized advice is more effective than conventional “one size fits all” guidelines to promote changes in PA in our Web-based
intervention when PA was measured objectively. Based on self-reports, PA increased to a greater extent with more personalized
advice. Thus, it is crucial to measure PA objectively in any PA intervention study.

Trial Registration: ClinicalTrials.gov NCT01530139; http://clinicaltrials.gov/show/NCT01530139 (Archived by WebCite at:
http://www.webcitation.org/6XII1QwHz)

(J Med Internet Res 2015;17(10):e231)   doi:10.2196/jmir.4660
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Introduction

Physical inactivity is one of the major risk factors for
noncommunicable diseases [1]. It has been estimated that in
2008, approximately 7.3% of the 9.2 million deaths occurring
in Europe were attributed to physical inactivity compared with
3.7% attributed to obesity [2]. Increasing physical activity (PA)
continues to be a public health priority. Although public
knowledge of the health benefits of regular PA is good and the
recommendation of “30 min per day of activity most days of
the week” is recognized widely, recent data from the World
Health Organization (WHO) suggest that 35% of European
adults do not meet PA recommendations [3].

Finding effective ways to increase PA is challenging. The
limited success of "one size fits all" PA promotion programs
may be partly due to the fact that inactive individuals are
unaware that their current PA is inadequate [4,5]. Thus,
providing personalized PA feedback may be more effective in
increasing PA than a nonpersonalized conventional approach.
Internet-based interventions for PA may have potential to
increase levels of PA because large numbers of physically
inactive individuals can be reached. However, it has been
pointed out that positive effects were quite small, and might not
be sustained in the long term. Furthermore, objective PA
measurements and greater sample sizes are required [6-9].

Although many studies have used self-reports, such as the
Baecke questionnaire or the International Physical Activity
Questionnaire (IPAQ) [10], objective measurements of PA are
more reliable [11]. Developments of PA measurement devices
in the last decade have improved quantification of PA in
free-living subjects. Accelerometers, for instance, have become
popular because they can be worn without major inconvenience,
require little effort by the user, and are compatible with most
daily activities. Because they can record data for up to several
weeks and measure PA accurately [12,13], they are useful

research tools. In spite of this, few studies comparing tailored
PA advice with nontailored or no advice have included these
objective measures of PA [14-17].

Whether personalized PA feedback promotes behavioral change
remains unclear. We used data collected during the Food4Me
Study, which was registered at ClinicalTrials.gov
(NCT01530139), to investigate the impact of different levels
of personalization on PA change, using phenotypic and
genotypic information to tailor the PA advice (see also
Multimedia Appendix 1). We hypothesized that individually
tailored advice would lead to greater and more sustained changes
in PA, and that the intervention would be more effective as the
level of personalization increased.

Methods

Study Design
Full details of the study protocols have been described elsewhere
[18]. Briefly, the Food4Me proof-of-principle study was a
6-month, 4-arm, randomized controlled trial (RCT) conducted
across seven European countries to compare the effects of three
levels of personalized advice with standard population advice
on health-related outcomes. The intervention was designed to
emulate an Internet-based service [19] and aimed to answer the
following primary questions: (1) does personalization of dietary
and PA advice result in bigger improvement in diet and PA
compared with nonpersonalized, conventional guidelines? And
(2) is personalization based on individualized phenotypic or
genotypic information more effective in assisting and/or
motivating participants to make and sustain appropriate healthy
changes than personalization based on analysis of baseline diet
and PA alone? To answer these questions, participants were
randomized to a control group (Level 0) or to one of three
personalized intervention groups with increasingly more detailed
personalized advice (Levels 1 to 3) for 6 months. The levels are
described in Textbox 1.
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Textbox 1. Description of control and intervention groups and their levels of personalization in the Food4Me Study.

Levels of personalization

• Level 0 (L0; control group): nonpersonalized advice based on (European) general guidelines for diet and PA

• Level 1 (L1): personalized advice based on individual dietary intake and PA alone

• Level 2 (L2): personalized advice based on individual dietary intake, PA, and phenotypic data

• Level 3 (L3): personalized advice based on individual dietary intake, PA, and phenotypic and genotypic data

In the personalized groups, personalization of the PA advice
was greater in L2 and L3 compared with L1: it was linked to
phenotypic data (waist circumference, blood total cholesterol;
L2 and L3) and genotypic data (fat mass- and obesity-associated
gene, FTO; L3). See also the section Physical Activity Feedback
below.

Outcomes
We focus here on PA after 3 and 6 months of intervention. PA
is presented using both objective (accelerometer) and
self-reported (PA questionnaire) data. Other outcomes included
dietary intake, but are not within the scope of this paper.

Recruitment
We aimed to recruit 1540 participants aged ≥18 years in seven
European countries—Germany, Greece, Ireland, the
Netherlands, Poland, Spain, and the United Kingdom [18].
Subjects were ineligible to take part in the study if they had no
or limited access to the Internet, were following a prescribed
diet, or had altered nutritional requirements because of a medical
condition. The ethics committee from each recruiting center
approved the study protocol. Between August 2012 and August
2013, 1607 adults (653 men, 40.63%; and 954 women, 59.37%)
were randomized to the intervention. All participants gave
informed consent digitally before participating in the study.

Measures
Data were collected using standard operating procedures in all
seven countries [18]. Participants received study kits by post,
containing all necessary materials (including an accelerometer)
to perform measurements at home, but used their own scales to
measure body weight. Printed and digital instructions, as well
as online videos, were available for all participants in the
languages of all seven countries.

Objectively Measured Physical Activity

Objective Physical Activity Monitoring
Habitual PA was assessed objectively using the TracmorD
triaxial accelerometer (Philips Consumer Lifestyle, the
Netherlands) [20,21]. The device is small (3.2 × 3.2 × 0.5 cm),
light (12.5 g), waterproof to a depth of 30 m, has a battery life
of 3 weeks, and can record data for up to 22 weeks.

Participants activated the TracmorD accelerometer by creating
an account online, installing an app on their computer, and
connecting the device to the computer using the USB adapter
provided. Upon activation, men could choose between three
wearing positions—pocket, belt, or necklace—and women
between four wearing positions—pocket, belt, necklace, or bra.
Participants could change their wearing position after informing

the research team, who would update the position in the online
system. Participants were instructed to wear the accelerometer
every day during waking hours, except when taking a shower,
for the entire duration of the study. Participants uploaded data
every 2 weeks by connecting their monitor to their computer.
Researchers checked this regularly and sent reminders to
participants, if necessary. The data were transferred in real time
and stored on a secured server.

Objective Physical Activity Data Processing
Data were recorded with a time-sampling interval of 1 minute.
A day was considered valid if the participant had worn the
TracmorD for at least 10 hours but not longer than 18 hours.
Wear time was defined as 24 hours minus nonwear time. To
define nonwear time, we adapted the recommendations of Choi
et al [22] to the TracmorD. Physical activity level (PAL)—the
ratio of total energy expenditure to basal metabolic rate—data
per minute were estimated from activity counts [20]. Nonwear
time was defined by an interval of at least 90 consecutive
minutes of PAL per minute values below 1.3889, allowing for
2-minute intervals of values above the threshold, with the
upstream or downstream 30 consecutive values below the
threshold (for detection of artifactual movements). R software
version 3.1.2 [23] was used for all data handling.

Objective Physical Activity Variables
Daily PAL, activity energy expenditure (AEE), and time spent
in different PA intensities were derived from the accelerometer.

PAL-per-day calculations were based on the work by Bonomi
et al [20]:

PAL = 1.354 + (256 × 10-9) × countsday (1)

where countsday are the sum of minute-by-minute activity counts
over 24 hours. However, the wearing position is taken into
account, using the belt position as a reference and applying a
correction factor for the other positions.

AEE per day was calculated as follows:

AEE = (0.9 × PAL per day - 1) × BMR (2)

where the daily basal metabolic rate (BMR) is estimated using
the Oxford equations developed by Henry, based on sex, age,
and weight [24].

Classification into sedentary, and light-, moderate-, and
vigorous-intensity PA (LPA, MPA, and VPA, respectively) was
based on the application of thresholds for AEE: 0.025, 0.05,
and 0.1 kcal/(kg×min) corresponding to 1.5, 3, and 6 metabolic
equivalents (METs), respectively. Sedentary time and time spent
in LPA, MPA, and VPA were determined by summing the time
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during which AEE per minute met the criterion for the
appropriate intensity. Finally, moderate-equivalent PA was
defined as follows:

Moderate-equivalent PA = MPA + 2 × VPA (3)

to account for the fact that 1 minute of VPA is equivalent to 2
minutes of MPA [25]. Moderate-equivalent PA duration data
were also calculated for activity occurring in modified bouts of
10 minutes (ie, with allowance for interruptions of ≤2 minutes
at a lower PA intensity) [26].

PA estimates at baseline, month 3, and month 6 were calculated
over a 2-week period at each time point. This 2-week assessment
period occurred before any feedback was given to participants.
Sufficient PA data at each time point was defined as having at
least 3 valid weekdays and 2 valid weekend days of
accelerometer wear during the 2-week assessment period. For
individuals with sufficient PA data, mean data per day were
calculated for all objective PA variables using all valid week
and weekend days of the assessment period as follows:

Mean = (mean for weekdays × 5 + mean for weekend days ×
2) / 7 (4).

For sedentary time and time spent in LPA, MPA, VPA, and
moderate-equivalent PA, weekly estimates were also calculated
as follows:

Mean = (mean for weekdays × 5 + mean for weekend days ×
2) (5).

Self-Reported Physical Activity
At baseline, month 3, and month 6, participants completed the
Baecke questionnaire online [27] based on their PA during the
last month. The Baecke questionnaire is a short, validated
questionnaire assessing habitual PA according to the context in
which it occurs and is organized into three sections: (1) PA at
work, (2) sport, and (3) during leisure time excluding sport
[27-29]. Indices for these three PA categories—work index,
sport index, and leisure time (nonsport) index, each ranging
from 1 to 5—as well as a total activity index—sum of the three
previous indices, ranging from 3 to 15—were calculated
according to the questionnaire protocol [27].

Anthropometrics
Participants self-measured their height, weight, and waist
circumference, and uploaded their measurements directly onto
their personal Food4Me online account [18]. Validation of
self-reported sociodemographic and anthropometric measures
have been described elsewhere [30].

Genotyping
Participants collected a buccal cell sample at baseline, using
Isohelix SK-1 DNA buccal swabs and Isohelix Dri-capsules
(LGC Genomics, Hertfordshire, UK). Samples were returned
to their recruiting center and shipped to LGC Genomics, who
extracted the DNA and used competitive allele-specific
polymerase chain reaction (KASP) genotyping assays to provide
biallelic scoring of single nucleotide polymorphism (SNP)
rs9939609 in the FTO gene.

Physical Activity Feedback
All participants received a feedback report at months 0 and 3
via email in PDF. Reports were also available on the
participant’s personal Food4Me account. Participants in
personalized groups (L1, L2, and L3) received personalized
feedback based on accelerometer data (or self-reported data if
accelerometer data were not available), whereas controls (L0)
received a PDF containing general guidelines (see the following
section). At each time point, researchers calculated the average
PAL based on 2 weeks of accelerometer data collection for each
participant and used it in the derivation of the PA feedback for
personalized groups (L1 to L3). The feedback report was sent
1 to 2 weeks after this 2-week measuring period. For L0, the
same generalized advice was sent at months 0 and 3. After
completing the study, all participants received a personalized
report based on the 6-month intervention.

Cutoffs Definition
PA was defined as adequate if objective PAL was ≥1.8. A value
of PAL ≥1.5 and <1.8 was considered low and a PAL of <1.5
was considered very low. If accelerometer data were not
available at the time of feedback, the total activity index of the
Baecke questionnaire was used instead of PAL with the
following cutoffs: ≥8.5 (adequate PA), ≥5.5 to <8.5 (low), and
<5.5 (very low).

Derivation of Feedback Messages in Relation to
Physical Activity

Level 0 (Controls)
Participants in the control group received the nonpersonalized
advice that they should be physically active at least 150 minutes
per week.

Feedback reports in personalized groups contained specific
messages, selected according to standardized algorithms, based
on subjects’ characteristics and their allocated group.

Level 1
In the PA section of the personalized report, current level of PA
was indicated with a mark on a three-color line, based on the
cutoffs defined above: red area (very low PAL), amber (low
PAL), and green (adequate PAL). The report included tailored
advice to increase strongly, increase, or maintain PA based on
current PAL and body mass index (BMI), as well as tips on how
to be (more) physically active. Participants had access to
additional information about PA and tips online on their personal
Food4Me account. Hyperlinks to this section of the website
were included in the tailored report and participants were
encouraged to visit the webpage.

Level 2
Participants in L2 had access to the same information as those
in L1. However, the specific PA message in the personalized
report was based on current PAL and BMI as well as on
individuals’ waist circumference and blood total cholesterol.

Level 3
Participants in L3 had access to the same information as those
in L1 and L2, in addition to whether they carried the risk allele
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(A) for the FTO gene; this information was included in the
specific PA message alongside current PAL, BMI, waist
circumference, and blood total cholesterol. For example, an
inactive obese L3 participant with FTO risk (AA or AT
genotype), high waist circumference, and high total cholesterol
would receive the following advice:

Your BMI is greater than the recommended healthy
range (...). Your waist circumference is also higher
than recommended (...). We recommend reducing
your body weight and waist circumference to a
healthy normal range because you have a genetic
variation that can benefit by reducing these two
obesity markers (...). Also, your physical activity level
is too low; improving your physical activity level will
help you to reduce your weight. Your fasting
cholesterol level was above the recommended level
and we advise you to go to the G.P. [general
practitioner] to get this re-checked (...). Become more
physically active; to maintain weight loss, 60-90
minutes of moderately intense aerobic activities, such
as brisk walking, swimming or cycling, on most days
of the week, is recommended. This will also help to
lower cholesterol levels.

PA feedback for L3 participants not carrying the risk for FTO
was similar to that of L2 participants. However, L3 participants
all received information on both FTO and 4 other diet-related
genetic variants, whereas L2 participants did not receive any
genetic-based information. More details of the feedback reports
and the Food4Me website are given in the supplementary
material (see Multimedia Appendix 2) and elsewhere [18].

Statistical Analysis
Data were analyzed on an intention-to-treat basis. We defined
3 orthogonal contrasts to answer our research questions: first
comparing L0 with L1 to L3, then L1 with L2 and L3, and
finally L2 with L3. More specifically, to answer the first
research question—Is personalized advice more effective than
the conventional one size fits all?—intervention effects on PA
variables were assessed. We used robust multiple linear
regression analysis, based on computation of SMDM estimates
[31] to account for violation of the normality assumption, with
baseline PA variable, sex, age, country, smoking, baseline BMI,
baseline season, and change in body weight as covariates. For
accelerometer-derived PA variables, change in accelerometer
wear time was included as an additional covariate. The principal
assessment of intervention used Contrast 1 comparing L0 with
the mean of L1 to L3. First, a generic approach was used where
intervention effects for the total cohort were investigated.
Second, a targeted approach was used in which the intervention
effects on PA, only for participants who received advice to
increase their PA, were investigated. For the second part,
outcomes for those who received tailored advice targeting PA
were compared with the subset of matched L0 (control)
participants (ie, controls who would have received personalized
advice to increase PA if they had been in a personalized group
instead of L0). These matched L0 participants were selected by
applying the same algorithm used for individuals in personalized
groups.

The second research question—"Is personalization based on
individualized dietary, phenotypic, or genotypic information
more effective in promoting changes in PA than personalization
based on diet and PA alone?”—was tested using two other
contrasts. For Contrast 2, comparison of L1 with L2 and L3
tested whether personalization based on phenotypic and/or
genotypic information differed from that based on dietary and
PA assessment only. For Contrast 3, comparison of L2 with L3
tested whether the addition of genotypic information promoted
a greater increase in PA than when using phenotypic, dietary,
and PA information only. The analyses outcomes were the same
PA variables as for Contrast 1 and both generic and targeted
approaches were used.

Sensitivity analyses were performed to compare dropouts with
completers and noncompliant (ie, those with too few valid days)
with compliant participants. These analyses were performed
using robust multiple linear regression for continuous variables
and logistic regression for categorical variables, adjusting for
sex, age, and country as well as baseline accelerometer wear
time and season for accelerometer variables. When examining
differences in BMI between dropouts and completers, screening
data were used rather than baseline data because 38% of
dropouts had no baseline data. R software version 3.1.2 [23]
was used to perform all analyses and the significance level was
set at P<.05.

Results

Study Participants
Of the 5562 individuals who expressed an interest in the
Food4Me Study between August 2012 and August 2013, 4044
(72.71%) completed the whole screening process (Figure 1).
Of those, 2764 (68.35%) were eligible to take part in the
intervention study. The first 1607 of the 2764 (58.14%)
participants were randomized to one of the four intervention
arms and 127 (7.90%) dropped out immediately after
randomization (Figure 1).

The characteristics of the 1480 participants who started the trial
and completed baseline measurements are given by intervention
arm in Table 1 and Multimedia Appendix 3, and are described
elsewhere [18]. Overall, 58.45% (865/1480) were women, the
mean age was 39.9 (SD 13.0) years, and 46.15% (683/1480) of
participants were overweight or obese. Mean PAL was 1.73
(SD 0.18), and participants spent on average 12.4 (SD 1.3) h/d
in sedentary behaviors and 57 (SD 45) min/d in
moderate-equivalent PA (29 [SD 32] min/d in modified
10-minute bouts). Mean self-reported total activity index was
7.80 (SD 1.48) (Table 1). Of the 371 participants in L3, 257
(69.3%) and 113 (30.5%) were carriers of the risk (AA or AT)
and nonrisk (TT) genotypes for FTO, respectively (Table 1),
and were therefore informed that they had or did not have the
risk variant. A total of 807 of 1120 (72.05%) individuals
randomized to the personalized groups (L1 to L3) were not
sufficiently active based on baseline measurements and therefore
received feedback that they should increase their level of PA
(data not shown).
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Table 1. Baseline characteristicsa of the Food4Me participants.

Personalized adviceControlVariables

Level 3 (L3)
(n=371)

Level 2 (L2)
(n=376)

Level 1 (L1)
(n=373)

Level 0 (L0)
(n=360)

357 (96.2)368 (97.9)363 (97.3)344 (95.6)Ethnicity (white), n (%)

220 (59.3)220 (58.5)212 (56.8)213 (59.2)Sex (women), n (%)

40.2 (13.1)40.2 (12.8)39.7 (12.9)39.5 (13.3)Age (years), mean (SD)

Anthropometrics

171.2 (9.5)170.7 (9.4)171.3 (9.5)171.3 (9.4)Height (cm), mean (SD)

75.5 (15.5)74.9 (15.9)74.1 (16.6)74.6 (15.5)Weight (kg), mean (SD)

25.7 (4.8)25.6 (4.9)25.2 (5.0)25.4 (4.7)Body mass index (kg/m2), mean (SD)

131 (35.3)103 (27.4)96 (25.7)119 (33.1)Overweight, n (%)

55 (14.8)70 (18.6)57 (15.3)52 (14.4)Obese, n (%)

47 (12.7)34 (9.0)44 (11.8)49 (13.6)Current smokers, n (%)

91 (24.5)101 (26.9)98 (26.3)88 (24.4)Ex-smokers, n (%)

233 (62.8)241 (64.1)231 (61.9)223 (61.9)Nonsmokers, n (%)

FTOb genotype, n (%)

69 (18.6)66 (17.6)69 (18.5)60 (16.7)AA

188 (50.7)189 (50.3)175 (46.9)187 (51.9)AT

113 (30.5)117 (31.1)127 (34.0)112 (31.1)TT

Objective physical activity (PA)

(nL0=303, nL1=324, nL2=339, nL3=321), mean (SD)

1.74 (0.17)1.73 (0.16)1.75 (0.21)1.71 (0.18)Physical activity level

874 (283)869 (274)896 (312)832 (269)Activity energy expenditure (kcal/d)

749 (77)747 (78)738 (75)746 (76)Sedentary time (min/d)

76 (30)74 (31)76 (33)70 (27)Light-intensity PA (min/d)

34 (22)33 (21)35 (20)30 (19)Moderate-intensity PA (min/d)

10 (14)11 (14)14 (20)11 (16)Vigorous-intensity PA (min/d)

55 (45)56 (42)63 (50)53 (43)Moderate-equivalent PAc (min/d)

28 (30)28 (28)34 (38)27 (32)Moderate-equivalent PA in bouts (min/d)

Self-reported PA (nL0=359, nL1=371, nL2=376, nL3=370), mean (SD)

7.80 (1.54)7.78 (1.43)7.94 (1.48)7.71 (1.47)Total activity index

2.29 (0.62)2.28 (0.62)2.30 (0.61)2.26 (0.59)Work index

2.74 (0.88)2.73 (0.85)2.85 (0.89)2.70 (0.87)Sport index

2.78 (0.67)2.78 (0.69)2.81 (0.70)2.75 (0.69)Leisure time (nonsport) index

aData are presented as unadjusted means (SD) for continuous variables and absolute numbers (%) for categorical variables. Levels 1 to 3 received
personalized advice; only participants in Level 3 were informed whether they carried or did not carry the risk allele for FTO (A).
bFat mass and obesity associated (FTO).
cModerate-equivalent PA is (MPA + 2 × VPA).

Of the 1607 randomized participants, 1270 (79.03%) completed
the 6-month intervention and 1233 (76.73%) had self-reported
data on PA for both baseline and month 6, whereas only 730
(45.43%) had sufficient valid accelerometer data for both time
points (Figure 1). Dropouts were more likely to be women (odds
ratio [OR] 1.34, 95% CI 1.05-1.75, P=.03), were younger than

completers (P<.001), and had a higher BMI at screening than
completers (P=.02). Smoking habits did not differ significantly
between dropouts and completers, and the dropout rate was
similar in all four groups, L0 to L3 (data not shown). Among
completers, those who were not compliant with objective PA
measurement at month 6 were younger (P<.001), had a higher
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baseline BMI (P=.04), and a lower baseline PAL (P=.03). There
were no significant differences in smoking habits between those
who were compliant and those who were not, and compliance

was similar for men and women and in all four groups, L0 to
L3 (data not shown).

Figure 1. Flow of participants through the study. PA: physical activity.
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Effect of Different Levels of Personalized Advice on
Objective Physical Activity

Total Cohort: Generic Approach
At month 3 (see Multimedia Appendix 4), participants increased
their PAL (L0: +0.02, P=.008 and L1 to L3: +0.02, P<.001)
and AEE (L0: +24.2 kcal/d, P=.03 and L1 to L3: +19.5 kcal/d,
P=.001), and spent significantly more time in MPA (L0: +18
min/wk, P=.01 and L1 to L3: +17 min/wk, P<.001) and less
time in sedentary behavior (L0: -148 min/wk, P<.001 and L1
to L3: -133 min/wk, P<.001). No significant change in PA was
observed at month 6 (see Multimedia Appendix 5), except for
a significant decrease in sedentary time (L0: -190 min/wk,
P<.001 and L1 to L3: -155 min/wk, P<.001). Furthermore, we
found no significant differences in objectively measured PA
between control and personalized groups, or between
personalized groups, at month 3 or 6 (Multimedia Appendices
4 and 5).

Participants Who Received Advice to Increase Physical
Activity and Matched Controls: Targeted Approach
At month 3, we observed significant improvements in all
components of PA for participants in personalized groups as
well as for matched controls (see Multimedia Appendix 6).
Although changes were attenuated at month 6 (Figure 2) these
remained significant for PAL (L0: +0.02, P=.04 and L1 to L3:
+0.01, P=.006), sedentary time (L0: -199 min/wk, P<.001 and
L1 to L3: -179 min/wk, P<.001), and MPA (L0: +27 min/wk,
P=.002 and L1 to L3: +18 min/wk, P<.001).

However, there were no significant differences in objectively
measured PA between individuals in personalized groups and
matched controls (Table 2 and Figure 2).

At month 6, the change from baseline in MPA was significantly
larger for L3 compared with L2 (L3: +32 min/wk vs L2: +7
min/wk, P=.04), but there were no other significant differences
in PA between personalized groups (see Figure 2 and

Multimedia Appendix 7). Results were unchanged when
analyzing men and women separately (data not shown).

Effect of Different Levels of Personalized Advice on
Self-Reported Physical Activity

Total Cohort: Generic Approach
Participants reported significant improvements in PA after the
6-month intervention (see Multimedia Appendix 8). Compared
with the control group, individuals in personalized groups had
significantly higher leisure time (nonsport) index (2.4%, P=.02)
and total activity index scores (1.6%, P=.03) (see Multimedia
Appendix 8). However, no significant differences were found
between personalized groups (see Multimedia Appendix 8).
Similar results were found at month 3 (see Multimedia Appendix
9).

Participants Who Received Advice to Increase Physical
Activity and Matched Controls: Targeted Approach
After 6 months, there were significant improvements in
self-reported PA during sport, leisure time (nonsport), and total
PA among participants who received tailored advice (Figure
3). Compared with the control group, scores reported in
personalized groups were significantly higher for leisure time
(nonsport) index (3.6%, P=.009) and total activity index (2.5%,
P=.009) (see Table 2 and Figure 3). Similar results were found
at month 3 (see Multimedia Appendix 10). Finally, we also
observed significant differences between personalized groups
at month 6, scores for both indices being higher (3.9%, P=.006
and 2.9%, P=.008, respectively) for participants in L2 and L3
compared with L1 (see Figure 3 and Multimedia Appendix 7).
Results were unchanged when analyzing men and women
separately.

Importantly, results were also similar when including only
individuals with both objective and self-reported PA (ie,
completers, compliant with wearing the accelerometer and who
have self-reported data) in the analysis (data not shown).
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Figure 2. Changes from baseline to month 6 in physical activity measured objectively, for participants who received advice to increase physical activity
(personalized groups Levels 1, 2, and 3) and matched controls (Level 0)—targeted approach. Data are presented as adjusted changes from baseline.
Error bars represent 95% confidence intervals. Models were adjusted for baseline values, sex, age, country, smoking, baseline BMI, baseline season,
change in body weight, and change in accelerometer wear time. Individuals in Levels 1 (L1), 2 (L2), and 3 (L3) received personalized physical activity
feedback based on current physical activity level (L1 to L3), phenotypic information (L2 and L3), and genotypic information (L3), whereas controls
(L0) received nonpersonalized guidelines on physical activity.
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Table 2. Effect of targeted intervention on physical activity at month 6a.

P, L0 vs

(L1 to L3)

Intervention effects,

(L1 to L3) - L0 (95% CI)

Personalized advice,

L1 to L3d (n=379),

mean (SD)

Matched control,

L0c (n=136),

mean (SD)

PAb components

Objective PA

.73-0.003 (-0.020 to 0.020)1.68 (0.10)1.68 (0.10)PALe

.64-6 (-34 to 21)778 (135)785 (137)AEEf (kcal/d)

.4420 (-30 to 69)5202 (247)5182 (250)Sedentary time (min/wk)

.597 (-19 to 33)486 (129)479 (132)LPAg (min/wk)

.36-9 (-29 to 11)207 (98)216 (100)MPAh (min/wk)

.33-3 (-10 to 3)45 (34)48 (34)VPAi (min/wk)

.35-14 (-45 to 17)310 (154)323 (154)Moderate-equivalent PAj

(min/wk)

.35-10 (-30 to 11)131 (102)140 (103)Moderate-equivalent PA in
bouts (min/wk)

Self-reported PA

.009 l0.18 (0.05 to 0.32)7.77 (0.87)7.58 (0.87)Total activity indexk

.260.03 (-0.02 to 0.07)2.27 (0.30)2.24 (0.30)Work indexk

.070.070 (-0.005 to 0.150)2.65 (0.50)2.58 (0.50)Sport indexm

.0090.10 (0.03 to 0.17)2.87 (0.48)2.77 (0.48)Leisure time (nonsport) indexm

aAnalysis is restricted to participants randomized to Levels 1 to 3 (L1, L2, and L3) who received personalized advice to increase PA, and to matched
control group (L0) participants who would have received personalized advice to increase PA if they had been in a personalized group and not in L0.
Data are presented as adjusted means and as the difference between the personalized groups (mean L1, L2, L3) and control with the corresponding 95%
confidence interval. Differences between levels of personalized advice are presented in Multimedia Appendix 7. All analyses were adjusted for baseline
values, sex, age, country, smoking, baseline BMI, baseline season, and change in body weight. In addition, for objective PA variables analyses were
adjusted for change in accelerometer wear time.
bPhysical activity (PA).
cLevel 0 (L0).
dLevel 1 to Level 3 (L1 to L3).
ePhysical activity level (PAL).
fActivity energy expenditure (AEE).
gLight-intensity PA (LPA).
hModerate-intensity PA (MPA).
iVigorous-intensity PA (VPA).
jModerate-equivalent PA is (MPA + 2 × VPA).
kParticipant numbers within each group are as follows: n=220 (L0), 198 (L1), 210 (L2), 207 (L3), and 615 (pooled L1, L2, and L3). For retired or
unemployed individuals, work index, and therefore total index, cannot be calculated.
lValues in italics represent significant results.
mParticipant numbers within each group are as follows: n=232 (L0), 217 (L1), 230 (L2), 223 (L3), and 670 (pooled L1, L2, and L3).
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Figure 3. Changes from baseline to month 6 in self-reported physical activity (Baecke questionnaire) for participants who received advice to increase
physical activity (personalized groups Levels 1, 2, and 3) and matched controls (Level 0)—targeted approach. Data are presented as adjusted changes
from baseline. Error bars represent 95% confidence intervals. Models were adjusted for baseline values, sex, age, country, smoking, baseline BMI,
baseline season, and change in body weight. *Significant differences at P<.01. Individuals in Levels 1 (L1), 2 (L2), and 3 (L3) received personalized
physical activity feedback based on current physical activity level (L1 to L3), phenotypic information (L2 and L3), and genotypic information (L3),
whereas controls (L0) received nonpersonalized guidelines on physical activity.

Discussion

Principal Findings
For individuals who were not sufficiently active at baseline, as
well as for the total cohort, personalized PA advice delivered
via the Internet was more effective in improving self-reported
PA compared with conventional “one size fits all”
population-based advice. In addition, after 6 months of
intervention, including phenotypic and/or genotypic information
in the derivation of personalized PA advice led to bigger changes
in self-reported PA than personalization based on diet and PA
alone. However, these findings were not confirmed when PA
was assessed objectively using accelerometers. Although we
found some small significant improvements in objectively
measured PA over the 6-month intervention, these changes were
similar in all interventions groups.

Comparison With Previous Work
Most studies that have investigated the effectiveness of eHealth
computer-tailored PA interventions have relied on self-reports
[8], and their findings should be interpreted with caution. Few

studies were identified that used objective PA outcome measures
based on accelerometry [14-17,32]. Godino et al [15] noted that
personalized PA feedback increased awareness of PA but did
not promote change in PA after 2 months of follow-up.
However, Hurling et al [32] found that participants who had
access to a fully automated Internet, email, and mobile phone
behavior change system—which included feedback on activity
level and modules designed to help participants identify their
perceived barriers and offered tailored solutions—had
significantly higher objectively measured PA during the 9-week
intervention compared with controls, who received verbal
recommendations on PA but had no access to the behavior
change system and received no feedback. Self-reported leisure
PA was also significantly higher and time spent sitting
significantly lower in the intervention group compared with the
controls, but overall self-reported PA was similar in both groups
[32]. In a study of older adults, Wijsman et al [17] observed
that participants in an Internet program aiming to increase PA
by monitoring and feedback by accelerometer and digital
coaching had a significant increase of 11 minutes per day in
moderate and vigorous PA after 3 months, whereas the
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wait-listed controls showed no change in PA. Ashe et al [14]
found significant increases in PA, as well as group differences
at month 6, but their sample was small—13 participants in the
intervention group and 12 in the control group—and
group-based education and social support was included in
addition to their Web-based intervention. Finally, Wanner et al
[16] reported some improvements in self-reported PA after 6
weeks and 13 months of follow-up, but no differences between
individuals in tailored and control groups, and no improvement
in objectively measured PA for any group. These discrepancies
between self-reported and objectively measured PA results are
in line with our study. However, we found greater improvements
in self-reported PA in tailored groups as compared with the
controls. It could be that participants desired to comply with
recommendations and that receiving more personalized feedback
(Levels 2 and 3) increased this desire further in our study. It
could also be that participants truly believed that they became
more active when they actually did not. Contrary to Wanner et
al, objective PA also improved, slightly but significantly, after
6 months of intervention, especially in participants who were
inactive at baseline, in line with the results of Wijsman et al
and Ashe et al. Yet in our study, those changes in objective PA
were similar across all groups.

The number of studies testing the effectiveness of personalized
feedback versus conventional population-based guidelines is
limited. However, most authors stress the need for new ways
to increase compliance and engagement of participants to
ultimately successfully improve PA. Of those who started the
Food4Me Study, 85.81% (1270/1480) completed the trial,
indicating that our Web-based intervention was effective in
retaining participants. However, only 49.32% (730/1480) of the
starters had sufficient valid accelerometer data after 6 months.
Thus, compliance with the study protocol in wearing the
accelerometer remains a major issue, especially because those
who were less compliant in our study had significantly lower
baseline PAL.

Strengths and Limitations
The Food4Me Study is the largest Internet-based RCT to date
to test the effects of personalized feedback on PA, using
objectively measured PA with accelerometers. To our
knowledge, it is also the first study to assess the effects of
different levels of personalization including tailored phenotypic
and genotypic information. Another strength is the inclusion of
seven European centers that delivered the intervention with the
same standardized protocol [18,33].

An important limitation is the relatively low compliance after
6 months with respect to accelerometer wear, which is lower
than in other studies [16]. In our study, participants were asked
to wear their accelerometer every day for the entire duration of
the study, which may have been too demanding. Most
participants did wear the accelerometer but not enough (ie, fewer
than 3 valid weekdays and 2 valid weekend days). In other
studies, participants received a PA monitor, were asked to wear
it for the measurement period only (typically, 7 days), and to
return the device immediately after to the researchers [15-17].
Better compliance in wearing the monitor may be obtained by
having coaches motivating participants regularly [17], but this

is not always feasible in a large-scale study. Advertisement for
the study was primarily focused on personalized nutrition (ie,
improving nutritional intakes) and not on PA. Moreover, the
Food4Me Study was a multiple-behavior intervention including
a large amount of information with extensive feedback, and
many individuals may have felt they did not have time to try to
make changes in both PA and diet concurrently [34].

A potential explanation as to why participants in personalized
groups did not do better than controls could be that the
TracmorD PA monitor used in the study constituted a basic, yet
personalized, feedback by itself. That is, when the monitor is
set on a flat surface at any time (eg, a table), lights on the
monitor turn green depending on how much activity has been
registered during the day. The more activity, the more lights
turn green, for all participants including controls. Ideally, there
should be no feedback on PA at all in the control group. This
may explain the small but significant improvement in the control
group. One could argue that providing feedback every 3 months
might not be sufficiently frequent. In our study, half of the
participants in the personalized groups received additional
feedback based on measurements after 1 and 2 months (ie,
high-intensity feedback: four feedback reports at months 0, 1,
2, and 3) but changes in objectively and self-reported PA at 3-
and 6-month follow-up were similar to the other half of
participants (ie, low-intensity feedback: feedback reports at
months 0 and 3 only). Compliance in wearing the monitor did
not differ between high- and low-intensity participants (data
not shown). Furthermore, we cannot exclude the fact that
phenotypic and genotypic characterization, and therefore
feedback to participants in Levels 2 and 3, may not have been
optimal for PA-related outcomes. For example, our only
PA-related genotypic variant was in the FTO gene and perhaps
just one gene variant would be insufficient to motivate
participants in Level 3 to increase PA beyond those in Level 2.

Finally, although accelerometry is an objective measure of PA,
it can underestimate certain activities, such as carrying heavy
loads and when the torso remains relatively static (eg, during
cycling). Accelerometry cannot (easily) distinguish PA when
ascending (eg, walking uphill) from movement on the flat yet
there could be large differences in energy expenditure between
the two types of movement. Our monitor was waterproof and
could be worn during swimming, but underestimation of activity
intensity is common. Nevertheless, the TracmorD has been
validated against the doubly labeled water method and several
publications show that it is a reliable and accurate monitor
[12,13,20,35]. Although devices may not capture all types of
PA, questionnaires have been shown repeatedly to be inaccurate,
often overestimating PA [11,36]. The Baecke questionnaire,
although extensively validated [28,29], is no exception [37].
Our results support the position adopted by others that
self-reported measures of PA should be interpreted with caution
and preferably not be used to draw conclusions on the
effectiveness of PA interventions [8,38]. Thus, it is better for
personalized feedback to have objective measures of PA such
as accelerometry. Such technologies are becoming very relevant
tools for both surveys and interventions to promote public
health. They are developing rapidly and are commonly available
for download to mobile phones and watches, allowing greater
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accessibility for the general population, which may help with
noncompliance. However, these new apps will need to be
rigorously tested.

Conclusions
We observed small but significant improvements in objectively
measured PA after 3 and 6 months of intervention, although
changes were similar across all groups. Personalized advice on

PA did not promote larger and more sustained improvements
in objective PA as compared with a conventional “one size fits
all” approach delivered via the Internet. Furthermore, increasing
the degree of personalization using phenotypic or genotypic
information had no effect on changes in objectively measured
PA compared with personalized feedback based on diet and PA
alone. Based on self-reports, however, PA improved
significantly more with higher degrees of personalized advice.
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presented as adjusted changes from baseline. Error bars represent 95% confidence intervals. Models were adjusted for baseline
values, sex, age, country, smoking, baseline BMI, baseline season, change in body weight, and change in accelerometer wear
time.
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Multimedia Appendix 5
Changes from baseline to month 6 in objectively measured physical activity for the total cohort—generic approach. Data are
presented as adjusted changes from baseline. Error bars represent 95% confidence intervals. Models were adjusted for baseline
values, sex, age, country, smoking, baseline BMI, baseline season, change in body weight, and change in accelerometer wear
time.
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Multimedia Appendix 6
Changes from baseline to month 3 in objectively measured physical activity for participants who received advice to increase PA
(L1 to L3) and matched controls (L0)—targeted approach. Data are presented as adjusted changes from baseline. Error bars
represent 95% confidence intervals. Models were adjusted for baseline values, sex, age, country, smoking, baseline BMI, baseline
season, change in body weight, and change in accelerometer wear time.

[PNG File, 825KB - jmir_v17i10e231_app6.png ]

Multimedia Appendix 7
Effect of targeted intervention on physical activity for personalized groups at month 6.

[PDF File (Adobe PDF File), 39KB - jmir_v17i10e231_app7.pdf ]

Multimedia Appendix 8
Changes from baseline to month 6 in self-reported physical activity (Baecke questionnaire) for the total cohort—generic approach.
Data are presented as adjusted changes from baseline. Error bars represent 95% confidence intervals. Models were adjusted for
baseline values, sex, age, country, smoking, baseline BMI, baseline season, and change in body weight.

[PNG File, 547KB - jmir_v17i10e231_app8.png ]

Multimedia Appendix 9
Changes from baseline to month 3 in self-reported physical activity (Baecke questionnaire) for the total cohort—generic approach.
Data are presented as adjusted changes from baseline. Error bars represent 95% confidence intervals. Models were adjusted for
baseline values, sex, age, country, smoking, baseline BMI, baseline season, and change in body weight.

[PNG File, 544KB - jmir_v17i10e231_app9.png ]

Multimedia Appendix 10
Changes from baseline to month 3 in self-reported physical activity (Baecke questionnaire) for participants who received advice
to increase physical activity (L1 to L3) and matched controls (L0)—targeted approach. Data are presented as adjusted changes
from baseline. Error bars represent 95% confidence intervals. Models were adjusted for baseline values, sex, age, country, smoking,
baseline BMI, baseline season, and change in body weight.
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Abstract

Background: Web-based computer-tailored interventions often suffer from small effect sizes and high drop-out rates, particularly
among people with a low level of education. Using videos as a delivery format can possibly improve the effects and attractiveness
of these interventions

Objective: The main aim of this study was to examine the effects of a video and text version of a Web-based computer-tailored
obesity prevention intervention on dietary intake, physical activity, and body mass index (BMI) among Dutch adults. A second
study aim was to examine differences in appreciation between the video and text version. The final study aim was to examine
possible differences in intervention effects and appreciation per educational level.

Methods: A three-armed randomized controlled trial was conducted with a baseline and 6 months follow-up measurement. The
intervention consisted of six sessions, lasting about 15 minutes each. In the video version, the core tailored information was
provided by means of videos. In the text version, the same tailored information was provided in text format. Outcome variables
were self-reported and included BMI, physical activity, energy intake, and appreciation of the intervention. Multiple imputation
was used to replace missing values. The effect analyses were carried out with multiple linear regression analyses and adjusted
for confounders. The process evaluation data were analyzed with independent samples t tests.

Results: The baseline questionnaire was completed by 1419 participants and the 6 months follow-up measurement by 1015
participants (71.53%). No significant interaction effects of educational level were found on any of the outcome variables. Compared
to the control condition, the video version resulted in lower BMI (B=-0.25, P=.049) and lower average daily energy intake from
energy-dense food products (B=-175.58, P<.001), while the text version had an effect only on energy intake (B=-163.05, P=.001).
No effects on physical activity were found. Moreover, the video version was rated significantly better than the text version on
feelings of relatedness (P=.041), usefulness (P=.047), and grade given to the intervention (P=.018).

Conclusions: The video version of the Web-based computer-tailored obesity prevention intervention was the most effective
intervention and most appreciated. Future research needs to examine if the effects are maintained in the long term and how the
intervention can be optimized.

ClinicalTrial: Netherlands Trial Register: NTR3501; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=3501 (Archived
by WebCite at http://www.webcitation.org/6cBKIMaW1)
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Introduction

Overweight and obesity rates have increased rapidly during the
last 30 years [1,2]. In 2008, around 900 million adults were
overweight and 502 million were obese [3,4]. In many Western
countries, these figures are significantly higher among people
with a low level of education [5-9]. For example, in the
Netherlands the prevalence of overweight is 64.4% among adults
with a low level of education compared with 40.1% among
adults with a high level of education [10].

Because overweight and obesity affect large numbers of people,
these interventions should have the possibility to reach many
people in an efficacious yet cost-effective manner [11].
Web-based computer-tailored interventions meet this
requirement. These interventions aim to change people’s health
behavior by providing individually adapted information via the
Internet [12]. Hence, they can be disseminated easily among a
large target population for relatively low costs [11]. Research
has already shown that Web-based computer-tailored
interventions can have positive effects on physical activity,
dietary intake, and body weight [11-16] and that they can be
cost-effective [17,18]. Yet, the current evidence for the
effectiveness for these interventions is inconclusive as effects
are mostly small and are found only in the short term [19,20].
Moreover, Web-based computer-tailored interventions often
suffer from high dropout rates that reach up to around 50%
[21-24]. These interventions in particular have problems
reaching people with a low educational level—the people most
in need of change [25]. Hence, to optimize the potential of
Web-based computer-tailored obesity prevention interventions,
it is necessary to examine how their impact and attractiveness
can be improved [25-27].

One possible solution may be to provide the information within
these interventions by means of a delivery format that better
fits the receivers’ preferences [28,29]. Nearly all previous
Web-based computer-tailored interventions have primarily used
text-driven messages to provide information. However,
particularly people with a low educational level generally are
less text oriented [30]. Recent studies provide indications that
the delivery of intervention content via videos may improve the
effectiveness of Web-based computer-tailored interventions
[26,31]. Although the current evidence for this hypothesis is
not compelling, video messages could be more appropriate
because people with a low educational level typically have more
difficulties processing large amounts of text [32]. Videos may
work better because they reduce the cognitive effort needed to
process information, which can lead to better comprehension
[33].

To examine whether the use of videos can indeed improve the
effectiveness and attractiveness, we developed 2 versions of a
Web-based computer-tailored intervention. This intervention
aimed to achieve small changes in dietary intake and physical
activity in order to prevent weight gain among Dutch adults
with a healthy weight or with overweight, specifically, a body

mass index (BMI) between 18.5 and 30 kg/m2. Both versions
of the intervention had exactly the same content but had a
different information delivery format. One version was fully
text based, without the use of visual elements (text version),
and the other provided the core tailored information by means
of videos (video version).

The main aim of this study was to examine the effects of the
video and text version in comparison to a waiting list control
condition on dietary intake, physical activity, and BMI among
Dutch adults at 6 months’ follow-up. A second study aim was
to examine potential differences in participants’ appreciation
of the intervention between the video and text version. The final
study aim was to examine possible differences in efficacy and
appreciation per educational level. We hypothesized that the
video version would be more effective and better appreciated,
particularly among people with a low level of education.

Methods

The Ethical Committee of the Open University Heerlen reviewed
the study protocol and had no objections. The study is registered
in the Dutch Trial Register (NTR3501). See Multimedia
Appendix 1 for the CONSORT EHEALTH checklist [34].

Study Design and Respondents
A three-armed randomized controlled trial was conducted with
2 experimental conditions (video and text intervention) and a
waiting list control group that had the opportunity to use one
of the interventions after the study. Measurements took place
at baseline (T0) and 6 months (T1) after baseline. Criteria for
participation were being at least 18 years old, having a paid job
(because of initial recruitment procedure), a BMI between 18.5

and 30 kg/m2, and sufficient command of the Dutch language.
People with a physical condition that severely influenced their
dietary or physical activity pattern (eg, diabetes) were not
eligible to participate.

It was estimated that 2000 participants were needed to complete
the baseline questionnaire in order to be able to detect a
medium-sized effect (d=0.5) on BMI and behavior with a power
of .90, a significance level of .05, and taking into account a
dropout percentage of 50% between baseline and follow-up.
This number of participants would also allow testing interaction
effects between participants with a low, medium, and high level
of education [26].

Procedure
Participants were recruited from September 2012 until February
2013. Participants were recruited during medical screenings by
various occupational health centers, directly through companies,
and via advertisements in national and local newspapers. All
recruitment materials (ie, brochures, emails, advertisements)
included information about the intervention study as well as a
hyperlink to the study website where participants could register
to participate. After registration and giving online informed
consent, participants were randomly assigned to one of the 3
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study conditions (ie, video version, text version, and control
group) in a computer-determined sequence. After randomization,
participants received a username and password by email.
Participants were unaware of which study condition they were
allocated to until they accessed the baseline questionnaire (T0).
Two weeks after completion of this questionnaire, participants
in the intervention conditions were given access to the
intervention. Participants could use the assigned intervention
for a maximum period of 3 months. Six months after baseline,
participants were asked by email to fill out the online follow-up
questionnaire (T1). To decrease the likelihood of attrition,
participants were informed that they could win one of hundred
cash prizes of €100 if they completed all questionnaires [35].

Intervention
The Web-based computer-tailored intervention was developed
systematically using the Intervention Mapping protocol [36].
Detailed information about the development process and the
content of the intervention can be found elsewhere [26]. The
objective of the intervention was to prevent weight gain or
achieve modest weight loss by making small changes in dietary
intake and/or physical activity. In the video version, about 75%
of the educational content was delivered via videos. The
remaining 25% consisted of text-based content to give
instructions about setting goals and making action and coping
plans as well as for the delivery of optional in-depth information.
The videos had a news-driven format in which professional
actors read aloud the tailored information. This information was
exactly the same as the information that could be read in text
in the text version of the intervention. In both the video and text

versions, the tailored information was based on participants’
answers to online questions about their dietary intake, physical
activity level, and sociocognitive beliefs (eg, self-efficacy). The
feedback was very specific and, for example, clearly indicated
which specific behavior changes participants could make (eg,
decrease intake of chocolate with X per day).

The theoretical framework of the intervention consisted of a
combination of self-regulation theories [37,38] and the I-Change
Model [39]. Self-regulation theories were in particular used as
input for the general framework for the intervention.
Accordingly, the intervention aimed to create awareness of
behavior, identify areas for change, set goals and make plans,
and finally start and monitor the behavior change. The I-Change
Model has mainly been used to make people aware of their
behavior and for indicating which behavior change participants
were most motivated to do. In these sessions, participants
received feedback about their motivational beliefs (eg, attitude
and self-efficacy) and could make action plans. In line with
these theories, the following behavior change methods were
used: consciousness raising, tailored feedback on behavior and
cognitions, goal setting, action and coping planning, and
evaluation of goal pursuit.

The intervention consisted of 6 weekly sessions, and each
session lasted about 15 minutes. After Session 1, participants
could continue to Session 2 directly. Hence, between Sessions
1 and 2 there was no mandatory waiting period (in contrast to
the subsequent sessions). Figures 1 and 2 provide an example
of the video and text versions, respectively.

Figure 1. Example of the video version of the intervention.
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Figure 2. Example of the text version of the intervention.

Session 1
The aim of Session 1 was to inform participants about the
different intervention sessions. Next, participants were provided
with tailored feedback about their weight, behavior (dietary
intake and physical activity), and sociocognitive beliefs toward
improving their diet and physical activity level (risk perception,
attitude, self-efficacy, and social influence). The aim of this
feedback was to indicate which changes would best fit the
participant. After receiving this information, participants
subsequently had to set a goal by deciding if they wanted to
maintain their current weight or lose a little weight. Participants
also had to decide if they wanted to improve their physical
activity level, their dietary intake, or both. To help participants
with setting these 2 goals, they received information about the
purpose of setting goals and examples of adequate goals.

Session 2
The aim of Session 2 was to provide participants with detailed
feedback on the chosen behavior in order to inform them which
small changes they could make to achieve their weight goal.
Based on this information, participants could make “if then”
plans by specifying when, where, and how they were going to
undertake the behavior change. To further help participants with
this, they received instructions about how to make appropriate
plans as well as examples of good plans. After Session 2,
participants could start realizing their goals and plans.

Session 3
The aim of Session 3 was to help participants carry out and
maintain the behavior change. For this purpose, participants
first received tailored feedback about their behavior change
progress. This feedback was given by assessing participants’
current behavior and comparing this to their weight and behavior
reported in Session 1. Based on this comparison, it was indicated
whether or not participants’ behavior had improved and if they
had achieved their goal. In addition, participants were also given
the option to make coping plans. For this purpose, participants

first received information about the purpose of coping planning.
Next, participants could indicate which difficult situations they
had encountered. For each selected situation (eg, being hungry),
participants received tips about how to deal with this situation
(eg, eat something with fewer calories such as fruit). Based on
this feedback, participants could eventually make their own
coping plan by selecting their own preferred coping response
from a list with predefined options.

Sessions 4-6
The last 3 sessions were identical to the third session, but each
new session also consisted of 1 or 2 new elements. Session 4,
for example, also consisted of narratives in which a role model
told how their behavior change was going and how they dealt
with difficult situations. Participants were also given the
possibility to change their goals and action plans. Session 5 was
similar to Session 4, but in this session, participants received
tailored feedback for the first time on their weight change by
indicating whether or not they had achieved their weight goal.
Finally, Session 6 was again similar to the previous session but
additionally addressed the topic of how to maintain behavior
changes in the long term. For this purpose, participants had the
possibility of setting a long-term weight goal and making an
action plan for achieving this goal. This last session ended with
a review of the essential elements of the whole intervention.

Measurements

Outcome Variables
All outcome variables (ie, BMI, dietary intake, and physical
activity) were assessed using online self-reports at both T0 and
T1. Participants who had not completed the online follow-up
questionnaire (T1) after several email reminders were contacted
by telephone to assess their body weight.

First, participants’ body weight in kilograms and height in
meters were assessed in order to calculate their BMI. To improve
the adequacy of reporting, participants were asked to indicate
their weight in the morning without clothes and shoes.

J Med Internet Res 2015 | vol. 17 | iss. 10 |e236 | p.107http://www.jmir.org/2015/10/e236/
(page number not for citation purposes)

Walthouwer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Dietary intake was assessed by means of a food frequency
questionnaire consisting of 66 items, which was based on a
validated questionnaire to assess fat intake [40]. The intake
levels of mainly energy-dense products from 6 different food
categories were assessed (ie, dairy products, sandwiches and
fillings, food at dinner, sweet and savory snacks, hot and cold
beverages, and alcohol). For each food product, the frequency
(ie, number of days per week) and quantity (ie, servings per
day) were assessed. When applicable, type of product (eg, use
of skimmed, semi-skimmed, or whole milk) and portion size
(eg, size of candy bar) were assessed as well. For each food
product, the average daily intake was calculated. This was
subsequently combined with the energy value of each food
product [41] in order to calculate a score for the average daily
intake of calories from energy-dense food products.

Physical activity was assessed using the Short Questionnaire to
Assess Health-Enhancing Physical Activity (SQUASH) [42].
This questionnaire has proven to be a reliable and valid tool to
estimate the level of physical activity among Dutch adults [43].
The SQUASH assesses participants’ level of physical activity
per category (ie, commuting activities, leisure time activities,
household activities, and activities at work). For each activity,
participants had to indicate how many days per week they
engaged in this activity, average time per day spent in doing
this activity, and the intensity of the activity (light, moderate,
or vigorous). Based on these questions, a total score was
calculated for the average daily minutes of moderate-to-vigorous
intensity physical activity.

Demographics
All demographics were assessed at T0. Demographic variables
consisted of gender, age, and educational level (ie, the highest
level of education completed), which was categorized into low
(primary or basic vocational school), medium (secondary
vocational school or high school), and high (higher vocational
school or university) [44].

Sociocognitive Variables
All sociocognitive variables (ie, self-efficacy, intention, and
self-regulation skills) were assessed at T0. For this purpose,
adapted measures of previous studies [27,45,46] were used,
including a 5-point Likert answering scale ranging from 1 (low)
to 5 (high). A scale was computed by calculating a mean score.

Participants’ self-efficacy was measured separately for physical
activity (alpha=.83) and dietary intake (alpha=.81) using 4 items
per behavior. Participants were asked, for example, about their
confidence and ability to improve their diet and physical activity
level.

Intention was measured with 1 item per behavioral outcome by
asking participants if they intended to improve their diet and
physical activity level within the next 6 months.

Self-regulation skills were measured for the types of skills that
are important for successfully translating intentions into behavior
change (ie, goal setting, action planning, monitoring, and coping
planning). Items were derived from existing instruments [47,48].
Goal setting (alpha=.72) was measured with 3 items by asking
participants if they set a goal in advance when, for example,

they want to manage their weight. Next, action planning was
measured with 3 items per behavioral outcome. Participants
were asked if they had a clear plan when, where, and how they
wanted to improve their diet (alpha=.90) and physical activity
level (alpha=.94). Monitoring (alpha=.74) was measured using
4 items that assessed to which degree participants monitored
their weight and behavior on a regular basis. Finally, 2 items
per behavioral outcome were used to assess coping planning.
Participants were asked to which degree they were able to
identify hindering situations in advance and thought that they
were able to deal with these situations for both dietary intake
(alpha=.70) and physical activity (alpha=.72).

Process Evaluation
Appreciation of the intervention was assessed at T1 using a
5-point Likert scale ranging from 1 (low) to 5 (high). Using 1
item per variable, participants were first asked to indicate to
which degree they thought the information and feedback in the
intervention was interesting, useful, understandable, and fitted
to their own situation. Participants were also asked to give an
overall rating of the intervention on a scale ranging from 1 (low)
to 10 (high). Last, participants were asked about their feelings
of autonomy, relatedness, and competence during the
intervention. These concepts were derived from
Self-Determination Theory [49], and the items were developed
using existing questionnaires [21,27,45]. For these 3 concepts,
average scale scores were computed. Autonomy (alpha=.88)
was assessed by 2 items. Participants were asked if they had
the feeling that they could decide by themselves which goals
they could set and which information they could read in the
intervention. Relatedness (alpha=.92) was assessed with 3 items
by asking participants if they felt involved and supported by
the intervention. Competence (alpha=.93) was assessed with 3
items by asking participants if the intervention had increased
their confidence in their ability to manage their weight, dietary
intake, and physical activity behavior. Finally, login data was
used to assess use of the intervention.

Statistical Analyses
At both T0 and T1, multiple imputation was used to replace
missing values [50,51]. Descriptive statistics and frequencies
were used to describe the characteristics of the study population
and the overall flow through the study. Baseline differences
between the 3 study conditions were examined using analyses
of variance with Tukey post hoc tests for continuous variables
and chi-square tests with Bonferroni correction (P=.05/P=.017)
for categorical variables. To examine the possible presence of
selective attrition between baseline and follow-up, a logistic
regression analysis was performed with attrition at follow-up
as outcome (completed T1=0, not completed T1=1) and study
condition and all baseline variables as predictors.

The effect analyses were conducted for each outcome variable
separately (BMI, dietary intake, physical activity) using linear
regression analyses with the enter method. The effects of the
intervention conditions were compared to the control condition
for which the study condition variable was recoded into 2
dummies (ie, video versus control and text versus control). The
analyses were adjusted for potential confounders (ie, baseline
behavior, predictors of attrition, and baseline differences) by
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including these variables as covariates. The analyses also
included study condition × educational level interaction terms
to assess potential educational differences in intervention effects.
Cohen’s d effect sizes were calculated for all outcome variables
[52]. As secondary analyses, we also compared the effects of
the intervention conditions with each other. Moreover, the
analyses were performed with both a complete case and multiple
imputation dataset.

Finally, the process evaluation data were analyzed using linear
regression analyses with the enter method. These analyses
included study condition × educational level interaction terms
to identify potential educational differences in appreciation.
When no interaction effects were found, independent samples
t tests were conducted to examine differences between the video
and text conditions on the process evaluation variables (ie,
appreciation).

All statistical analyses were conducted using SPSS 20.0,
applying a significance level of .05 for single variables and .10
for interaction terms [53].

Results

Study Sample, Baseline Differences, and Attrition
Analysis
The CONSORT-EHEALTH flowchart [34] (Figure 3) shows
the number of participants who were randomly assigned to one
of the 3 study conditions as well as their flow through the study.
In total, 1419 participants completed the baseline questionnaire.
At 6 months follow-up, data from 1015 (71.53%) participants
were collected. In the video condition, only 328 (70.54%)
participants had completed the first session of the intervention,
whereas 364 (74.13%) did in the text condition. Overall, the
average number of completed sessions was 2.15 (SD 1.94)
sessions. In total, 10.88% (104/956) of the participants had
completed the intervention fully (ie, use of all 6 sessions).

Table 1 provides a comprehensive overview of all baseline
characteristics of the study sample, including baseline
differences between the 3 study conditions. Participants’ mean
age was 48.13 (SE 0.31) and 58.56% (831/1419) were female.
The mean BMI was 26.42 (SE 0.06), and 73.50% (1043/1419)
of the study sample was overweight. The majority had a high
level of education (769/1419=54.19%), while fewest participants
had a low level of education (214/1419=15.08%). The
distribution of educational level differed significantly between

the 3 study conditions (Pearson χ2
4=10.380, P=.004). Compared

to the text and video conditions, significantly more participants
in the control condition had a low educational level. Moreover,
the number of participants with a medium level of education
was significantly higher in the text and control conditions in
comparison to the video condition. Last, participants’ mean
score on goal setting in the video condition was significantly
higher in comparison to the text and control conditions
(F2,2415=4.740, P=.009). No other baseline differences were
observed.

Attrition analysis identified several significant predictors of
dropout. Participants in the video (OR 2.11, 95% CI 1.48-3.00,
P<.001) and text conditions (OR 3.23, 95% CI 2.29-4.54,
P<.001) were significantly more likely to drop out compared
to participants in the control condition. Attrition was further
significantly higher among participants with a low (OR 2.15,
95% CI 1.46-3.16, P<.001) and medium (OR 1.37, 95% CI
1.02-1.85, P=.037) educational level in comparison to highly
educated participants. Older participants were more likely to
complete the follow-up questionnaire (OR 0.97, 95% CI
0.96-0.98, P<.001). Finally, participants who had lower levels
of self-efficacy to improve their diet (OR 1.36, 95% CI
1.06-1.76, P=.016), intention to improve their diet (OR 1.22,
95% CI 1.02-1.46, P=.031), and coping planning regarding
physical activity (OR 1.31, 95% CI 1.04–1.64, P=.022) were
significantly more likely to drop out.
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Table 1. Characteristics of the study sample and differences between the study conditions.

PdfF / Pearson χ2Control

(n=463)

Text

(n=491)

Video

(n=465)

Overall sample

(n=1419)

Baseline characteristics

.91320.182274 (59.18)284 (57.84)273 (58.71)831 (58.56)Gender (female), n (%)

.004b410.380Educational level, n (%)

72 (15.55)a67 (13.65)a75 (16.13)214 (15.08)Low

157 (33.91)a161 (32.79)a118 (25.38)a436 (30.73)Medium

234 (50.54)a263 (53.56)272 (58.49)a769 (54.19)High

.66722,4150.40548.51 (0.08)47.84 (0.08)48.06 (0.09)48.13 (0.31)Age, mean (SE)

.57122,4150.5603.30 (0.01)3.35 (0.01)3.35 (0.01)3.33 (0.02)Self-efficacy improve physical activity,
mean (SE)

.43622,4150.8313.23 (0.00)3.25 (0.00)3.28 (0.00)3.25 (0.02)Self-efficacy improve diet, mean (SE)

.95322,4150.0483.96 (0.01)3.97 (0.01)3.99 (0.01)3.97 (0.03)Intention improve physical activity,
mean (SE)

.52022,4150.6544.04 (0.01)4.12 (0.01)4.09 (0.01)4.09 (0.03)Intention improve diet, mean (SE)

.009b22,4154.7403.45 (0.01)a3.47 (0.01)a3.60 (0.01)a3.50 (0.02)Goal setting, mean (SE)

.80822,4150.2143.37 (0.01)3.33 (0.01)3.34 (0.01)3.35 (0.02)Action planning improve physical activ-
ity, mean (SE)

.50222,4150.6903.25 (0.01)3.19 (0.01)3.24 (0.01)3.22 (0.02)Action planning improve diet, mean (SE)

.52022,4150.6553.36 (0.01)3.30 (0.01)3.31 (0.01)3.32 (0.02)Monitoring, mean (SE)

.47522,4150.7453.40 (0.01)3.36 (0.01)3.35 (0.00)3.37 (0.02)Coping planning improve physical activ-
ity, mean (SE)

.94122,4150.0613.34 (0.01)3.32 (0.01)3.32 (0.01)3.33 (0.02)Coping planning improve diet, mean
(SE)

.87822,3480.13126.37 (0.02)26.45 (0.02)26.43 (0.02)26.42 (0.06)BMI, mean (SE)

.26622,4201.3251266.51 (3.75)1314.70 (3.51)1308.36 (3.56)1296.91 (13.40)Average daily energy-intake, mean (SE)

.22822,3781.48183.52 (0.69)76.84 (0.57)74.43 (0.53)78.23 (2.21)Average daily minutes moderate and
vigorous physical activity, mean (SE)

Follow-up characteristics

26.15 (0.02)26.11 (0.02)25.94 (0.02)26.07 (0.08)BMI, mean (SE)

1170.70 (3.56)1032.77 (3.60)1016.45 (3.56)1072.57 (20.79)Average daily energy-intake, mean (SE)

111.77 (0.88)108.39 (0.80)103.17 (0.80)107.73 (5.71)Average daily minutes moderate and
vigorous physical activity, mean (SE)

aValues within a row with identical letters were significantly different as determined by analyses of variance with Tukey post-hoc test (for continuous
variables) or chi-square tests with Bonferroni correction (for categorical variables).
bP<.05.
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Figure 3. Flowchart of the enrollment, allocation, and participation of respondents.

Intervention Effects on Body Mass Index, Dietary
Intake, and Physical Activity
There were no significant interaction effects between type of
study condition and educational level for any of the outcome
measures.

The regression analyses without interaction terms showed
several main intervention effects (Table 2). The video
intervention had resulted in a significantly lower BMI compared
to the control condition (B=-0.25, P=.049), with a small Cohen’s
d effect size of 0.10 [52]. No significant difference was found
between the text and control condition regarding BMI (B=-0.09,

P=.474). Moreover, both the video (B=-175.58, P<.001) and
text interventions (B=-163.05, P=.001) resulted in a significantly
lower average daily intake of calories from energy-dense food
products compared to the control condition, with medium
Cohen’s d effect sizes of respectively 0.40 and 0.36 [52]. For
physical activity, no intervention effects were found for both
the video (B=-1.45, P=.900) and text conditions (B=1.88,
P=.863) in comparison to the control condition. In the additional
analyses comparing the 2 intervention conditions, no significant
differences were found for any of the outcome measures. The
complete cases analyses resulted in the same significant findings
as the effect analyses with the multiple imputation data described
earlier.
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Table 2. Intervention effects on the outcome variables at follow-up as assessed by linear regression analyses.

Text (1) versus control (0)

(n=954)a

Video (1) versus control (0)

(n=928)a

Outcome variables d95% CIPSEBbd95% CIPSEBb

0.03-0.35 to 0.16.4740.13-0.090.10-0.50 to 0.00.049c0.13-0.25BMI

0.36
-259.78 to -
66.32.001c48.57-163.050.40

-265.24 to -
85.92.000c45.13-175.58Average daily energy-intake

0.02-19.75 to
23.50

.86310.881.880.01-24.28 to
21.38

.90011.48-1.45Average daily minutes moderate and
vigorous physical activity

aIn the linear regression analyses, the following covariates were included: baseline behavior, educational level, age, goal setting, self-efficacy to improve
diet, coping planning regarding physical activity, and intention to improve diet.
bB=unstandardized regression coefficient.
cP<.05.

Process Evaluation
Table 3 provides an overview of the results from the process
evaluation. In total, 355 participants completed the process
evaluation questionnaire. Overall, the mean scores of the process
evaluation variables represented neutral to slightly positive
scores for both versions of the intervention, without remarkable
low scores. The intervention scored best on usefulness,
understandability, and autonomy. The mean score for assessment
of the intervention as a whole was 6.85 (SD 1.14).

Regression analyses showed that there was no significant
interaction effect of educational level regarding the process
evaluation variables. Independent sample t tests showed that
the information in the video condition was rated as more useful
compared to the information provided in the text condition
(t354=1.992, P=.047). Feelings of relatedness were also
significantly higher among participants in the video condition
(t354=2.056, P=.041) as compared to the text condition. Finally,
participants in the video condition rated the intervention
significantly better than participants in the text condition
(t354=2.388, P=.018).

Table 3. Mean and standard deviation of process evaluation variables at follow-up, including differences between the video and text conditions.

PT (df=354)Text

(n=178)

Video

(n=177)

Complete cases

(n=355)

Process evaluation variables

.3870.8653.32 (0.94)3.41 (0.94)3.36 (0.94)The feedback messages fit to my own situation

.4410.7713.84 (0.82)3.91 (0.82)3.88 (0.82)The feedback messages were understandable

.047b1.9923.44 (0.93)a3.63 (0.91)a3.54 (0.92)The feedback messages were useful

.1071.6163.30 (0.98)3.47 (1.01)3.38 (1.00)The feedback messages were interesting

.0701.8153.90 (0.75)4.05 (0.74)3.98 (0.75)Feelings of autonomy

.041b2.0562.93 (1.02)a3.15 (1.01)a3.04 (1.02)Feelings of relatedness

.1351.4973.08 (1.03)3.23 (0.95)3.15 (0.99)Feelings of competence

.018b2.3886.70 (1.12)a7.00 (1.15)a6.85 (1.14)Overall grade intervention (1-10)

aValues within a row with identical letters were significantly different as determined by independent samples t tests.
bP<.05.

Discussion

Principal Findings
The aim of this study was to examine the effects and
appreciation of video and text versions of a Web-based
computer-tailored obesity prevention intervention among Dutch
adults with low and high levels of education.

Our results showed no significant group × education interaction
effects. This implies that both versions of the intervention were
equally effective for all educational levels. The video version
was the most effective intervention because it resulted in both

a lower BMI and lower energy intake (compared to the control
condition), while the text version had only a lower energy intake.
No intervention effects on physical activity were found.
Appreciation of the 2 intervention versions also did not differ
per educational level. Yet the video version was appreciated
more than the text version on usefulness of messages, feelings
of relatedness, and grade given to intervention. Overall, it can
be concluded that the video intervention performed better than
the text intervention regardless of participants’educational level.

The fact that we did not find support for our hypothesis that the
video version would be more effective for people with a low
educational level is not surprising. A recent similar study into
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a smoking cessation intervention has, for example, also only
found a main effect of the video condition and no differential
effects per educational level [45]. Furthermore, our hypothesis
that video messages may work better for lower educated people
[26] was based on indications and assumptions derived from a
few previous studies but the evidence for this hypothesis was
not compelling. Nevertheless, our study provides preliminary
evidence that the use of videos in a Web-based
computer-tailored intervention can be effective in the prevention
of obesity regardless of people’s educational level [45].

Both the video and text versions had the strongest effects on
dietary intake, which is a finding in line with 2 reviews on
Web-based computer-tailored interventions [12,16]. The medium
effect size indicates that this effect is of clinical relevance [52]
and may suggest important public health potential when the
intervention is implemented at a large scale. In line with other
studies [11,15], only a small effect size was found regarding
BMI (of the video version). However, even small intervention
effects on BMI can have a large public health impact resulting
in a significant reduction of many health problems, an improved
quality of life, and cost savings [54-57]. The fact that the text
version did not have a significant effect on BMI can possibly
be explained by the fact that the effect size for dietary intake
(0.36) was somewhat smaller compared to the effect size of the
video version (0.40). The fact that no intervention effect was
found on physical activity is not surprising. Many reviews have
reported mixed findings of Web-based computer-tailored
interventions for physical activity [12,19,20]. One explanation
for this finding could be that we encountered problems with the
measurement of physical activity in our study. The average
daily minutes of moderate-to-vigorous intensity physical activity
scores were unrealistically high. Consequently, many
participants did not receive the advice to increase their physical
activity level within the intervention, resulting in little
improvement for this behavior. Recently, this problem has also
been identified in a similar efficacy study. Hence, future studies
should take this problem into account when assessing physical
activity and developing algorithms to deliver tailored messages
[46].

In line with two recent studies [21,45], it can further be
concluded that a Web-based computer-tailored intervention
consisting of videos is appreciated better than an identical
intervention that consists of merely text. This difference in
appreciation can possibly also explain why the video version
was more effective than the text version. The Elaboration
Likelihood Model [58], for example, suggests that when
information is perceived as interesting and attractive, it is more
likely that central route processing will occur. Information that
is processed via this central path will have a more long-lasting
persuasive effect on the receiver [32]. The better appreciation
of the video version may therefore have resulted in more central
route information processing. The fact that there were no

differential effects in appreciation per educational level can also
possibly explain the absence of educational differences in
effects. This explanation is supported by the Communication
Persuasion Matrix [59], which assumes that effective persuasion
is the result of, among others, a suitable media channel. Yet our
results demonstrate that the video version (ie, delivery format)
is not more attractive for people with a low educational level
(ie, user), and therefore no differences in outputs (ie,
intervention outcomes) per educational level can be expected.

Strengths and Limitations
An important strength is that this is one of the first studies that
has examined whether the use of videos can improve the
effectiveness and attractiveness of Web-based computer-tailored
interventions. Another strength is that our intervention met
several criteria related to higher effectiveness of weight
management interventions, such as the use of self-regulation
theories [25,37,38], the small changes approach [54], and the
Intervention Mapping protocol [36]. A final strength is that we
found exactly the same results with the multiple imputation data
and the complete cases data.

A limitation of this study is that all outcome measures were
self-reported [60,61]. For example, it would have been better
to measure BMI objectively. However, research has shown that
self-reported BMI does not affect results when used as a
continuous variable in a longitudinal study [62]. In addition,
the SQUASH resulted in unrealistically high physical activity
scores. As these scores were used to provide tailored feedback,
it is likely that participants may have received inadequate
feedback about their physical activity level. Future interventions
should therefore aim to correct for this overestimation in
tailoring algorithms or use objective measurements. Moreover,
it should be noted that only a relatively small number of
participants had completed the process evaluation questionnaire.
Yet it is unclear if the inclusion of dropouts would have led to
lower or higher scores. For example, participants may have
dropped out because they had achieved their goal or because
they did not enjoy the intervention. Finally, the relatively short
follow-up period of 6 months can be regarded as a limitation.
Research with a longer follow-up period is necessary to examine
whether or not the effects will be maintained long term.

Conclusions
The video version of the intervention was more effective and
better appreciated than the text version, regardless of
participants’ educational level. Hence, our study provides
evidence that the effectiveness of future Web-based
computer-tailored obesity prevention interventions can possibly
be improved by including videos as a delivery format in tailored
health information. Our study shows that this is feasible and
effective for Dutch adults with a healthy weight and limited
overweight. However, more research is needed to study the
long-term effects of the video version.
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Abstract

Background: Although many cancer survivors could benefit from supportive care, they often do not utilize such services.
Previous studies have shown that patient-reported outcomes (PROs) could be a solution to meet cancer survivors’ needs, for
example through an eHealth application that monitors quality of life and provides personalized advice and supportive care options.
In order to develop an effective application that can successfully be implemented in current health care, it is important to include
health care professionals in the development process.

Objective: The aim of this study was to investigate health care professionals’ perspectives toward follow-up care and an eHealth
application, OncoKompas, in follow-up cancer care that monitors quality of life via PROs, followed by automatically generated
tailored feedback and personalized advice on supportive care.

Methods: Health care professionals involved in head and neck cancer care (N=11) were interviewed on current follow-up care
and the anticipated value of the proposed eHealth application (Step 1). A prototype of the eHealth application, OncoKompas,
was developed (Step 2). Cognitive walkthroughs were conducted among health care professionals (N=21) to investigate perceived
usability (Step 3). Interviews were recorded, transcribed verbatim, and analyzed by 2 coders.

Results: Health care professionals indicated several barriers in current follow-up care including difficulties in detecting symptoms,
patients’ perceived need for supportive care, and a lack of time to encourage survivors to obtain supportive care. Health care
professionals expected the eHealth application to be of added value. The cognitive walkthroughs demonstrated that health care
professionals emphasized the importance of tailoring care. They considered the navigation structure of OncoKompas to be
complex. Health care professionals differed in their opinion toward the best strategy to implement the application in clinical
practice but indicated that it should be incorporated in the HNC cancer care pathway to ensure all survivors would benefit.

Conclusions: Health care professionals experienced several barriers in directing patients to supportive care. They were positive
toward the development and implementation of an eHealth application and expected it could support survivors in obtaining
supportive care tailored to their needs. The cognitive walkthroughs revealed several points for optimizing the application prototype
and developing an efficient implementation strategy. Including health care professionals in an early phase of a participatory design
approach is valuable in developing an eHealth application and an implementation strategy meeting stakeholders’ needs.

(J Med Internet Res 2015;17(10):e235)   doi:10.2196/jmir.4870
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Introduction

Many cancer survivors have to manage the adverse effects of
cancer and its treatment. Head and neck cancer (HNC)
specifically has an impact on survivors compared to other
cancers. In addition to symptoms such as fatigue, HNC survivors
are confronted with oral dysfunction, voice, speech, and
swallowing problems, and related social withdrawal and
psychological distress. These may negatively impact on quality
of life (QOL) [1,2] and increase the need for supportive care.

Supportive care in cancer entails the prevention and management
of the adverse effects of cancer and its treatment across the
survivorship continuum [3,4]. Although many cancer survivors,
including HNC survivors, could benefit from supportive care,
they often do not utilize such services [5-8]. Barriers that stand
in the way of obtaining supportive care include a lack of
awareness of these services and a lack of identification of
survivors’ symptoms and supportive care needs [9-11].

The use of patient-reported outcome measures (PROs) has been
identified as a possible facilitator to detecting survivors’
symptoms [12]. Monitoring symptoms may be helpful in
addressing survivors’ individual supportive care needs [13]. A
prerequisite for its success is that monitoring should be followed
by adequate referral to supportive care. An eHealth application
integrating PROs to monitor QOL, followed by automatically
generated tailored feedback and personalized advice on
supportive care options, could be an alternative solution to meet
cancer survivors’ individual needs. The proposed eHealth
application could also be a helpful tool to enhance
self-management among HNC survivors.

In a previous study, we investigated the attitude and preferences
of cancer survivors toward an eHealth application targeting
personalized referral to supportive care services [14]. The results
of this needs assessment showed that survivors were indeed

interested in this option of self-management support and
believed that the eHealth application could eliminate barriers
experienced in current follow-up care, for example, a minimal
response from physicians concerning their needs and having to
search for services themselves. The results also highlighted
considerations and requirements concerning the application, for
example, doubts about the degree of tailoring and the need for
the application to be an addition to rather than a substitute for
traditional care [14].

In order to develop an effective eHealth application and ensure
adequate uptake, it is important to include all stakeholders,
including health care professionals, during the entire
developmental phase, following an iterative participatory
approach [15]. Therefore, the main aim of this study was to
investigate health care professionals’ perspectives toward an
eHealth application in follow-up cancer care, which monitors
QOL via PROs (Measure), followed by automatically generated
tailored feedback (Learn), and personalized advice on supportive
care (Act). The results of this study are intended to contribute
to further development of a participatory design approach
enabling the development of effective eHealth applications that
meet stakeholders’ preferences and needs.

Methods

A mixed methods study design was used consisting of 3 steps
(Figure 1). We investigated health care professionals’
perspectives toward current follow-up care and toward the
proposed eHealth application (Step 1) through a qualitative
needs assessment. Next, we developed a prototype of the eHealth
application (Step 2). Subsequently, we evaluated the application
by means of cognitive walkthroughs (CWs) by health care
professionals and investigated health care professionals’
opinions about usability and conditions for implementation
(Step 3).

Figure 1. Study design.

Step 1: Needs Assessment
Health care professionals (N=11) were recruited from a
multidisciplinary team involved in the care of HNC patients at

the VU University Medical Center in Amsterdam, The
Netherlands. We made use of purposive sampling. After
permission from the department head, we requested study
participation from a heterogeneous sample of health care
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professionals. The final sample consisted of an oral and
maxillofacial surgeon, head and neck surgeon, oncologist,
radiation oncologist, medical social worker, physiotherapist,
dental hygienist, dietician, speech therapist, and 2 oncology
nurses. Participating health care professionals’ experience in

working with cancer patients ranged from 2 years and 3 months
to 25 years (mean 13.38 years). Health care professionals were
interviewed twice. An overview of the topics is shown in Table
1.

Table 1. Topics discussed in the needs assessment interviews.

Example questionTopic

How do you assess patients’ symptoms and quality of life?Current follow-up care: assessing symptoms
and supportive care needs

What difficulties do you encounter when assessing patients’ symptoms and quality of life?

How do you assess patients’ supportive care needs?

Do you refer patients to supportive cancer care options?

To which supportive care options do you refer patients?

What difficulties do you encounter when referring patients to supportive cancer care options?

How may an eHealth application be supportive/fit into in your current role in follow-up cancer care?Added value of an eHealth tool in follow-up
care for health care professionals

The first interview covered questions about current follow-up
care (assessing patient’s symptoms and need for supportive
care). The second interview covered questions about the
expected added value for health care professionals of an eHealth
tool aimed at improving supportive care. In this second
interview, more information about the proposed application was
conveyed (eg, examples of personalized advice texts and
supportive care options).

In total, 22 interviews were conducted, which lasted between
24 and 50 minutes (median 35, SD 7.24). All interviews were
recorded and transcribed verbatim.

Step 2: Development of the Prototype eHealth
Application
A prototype of the eHealth application, “OncoKompas,” was
developed based on the results of the needs assessment among
health care professionals (from this study) and survivors [14].
Existing applications were used as examples to build the
application [16,17]. First, the results of both needs assessments
were discussed with the development team (Web designers and
programmers), to translate these needs into requirements. The
Web designer and programmers used their expertise to translate
these requirements into a prototype of OncoKompas. During

regular “demo sessions,” these requirements were revisited to
ensure a proper translation into the prototype. The contents of
OncoKompas were developed together with teams of experts
consisting of cancer survivors, medical specialists, and
paramedics (refer to the “Results” section for more details on
OncoKompas).

Step 3: Cognitive Walkthroughs
The cognitive walkthroughs (CWs) consisted of an expert-based
usability evaluation followed by semistructured interviews. The
health care professionals who participated in the needs
assessment in Step 1 were complemented by a psychologist, a
spiritual counsellor, and a patient advisor. We also included 3
head and neck surgeons, a radiation oncologist, 2 oncology
nurses, and a health scientist from 2 other academic hospitals.

All but one of the usability evaluations were conducted in pairs
of health care professionals because this was expected to
increase “thinking out loud” by the participants. Health care
professionals were asked to “walk through” the application
guided by scenarios and user tasks from the end-users’
viewpoint. Following the usability evaluations, we interviewed
the health care professionals on the implementation process
(Table 2).

Table 2. Overview of CW scenario’s tasks and interview topics.

This scenario involves a 66-year-old female head and neck cancer patient. She is experiencing (the onset of) depression
as well as stress at home. Furthermore, she has diarrhea and does not use a feeding tube or nutritional drinks. She has mild
dysphagia and moderate loss of taste and smell.

Scenario example

Task 1: Monitor disease problems by filling out the PROs in OncoKompas and sending in the completed questionnaires.CW tasks

Task 2: View your personal well-being profile in OncoKompas.

Task 3: Use personalized well-being profiles to find information regarding your physical condition related to your tumor.

Task 4: Find personalized advice on an aspect of interest to you, and then take action based on this advice.

Task 5: Find more information in OncoKompas regarding a particular supportive care option of your choice and then open
and view the website of a recommended supportive care provider.

What role do you think you could have in the usage of OncoKompas by patients?Semistructured interview
topic: Implementation
OncoKompas How do you think OncoKompas could be implemented in the regular follow-up care procedure?

Do you intend to refer your patients to OncoKompas when available?

J Med Internet Res 2015 | vol. 17 | iss. 10 |e235 | p.120http://www.jmir.org/2015/10/e235/
(page number not for citation purposes)

Duman-Lubberding et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


In total, 11 CWs were conducted, which lasted between 68 and
120 minutes (median 82, SD 14.54), and were recorded using
Morae software (Morae version 2.1, TechSmith).

Data Analysis
All needs assessment interviews and CWs were analyzed by
thematic analysis [18]. Both coders (SDL and CvU) read all
transcripts to familiarize themselves with the data. The coders
independently selected citations from the transcripts of all needs
assessment interviews relating to current follow-up cancer care
and needs of health care professionals with respect to an eHealth
application. These were coded into themes.

To analyze the usability of OncoKompas, we made use of the
CW transcripts, supported by the Morae recordings. In total, 9
transcripts were coded by 2 coders. Initial codes for the CWs
were generated focusing on system quality (ease of use), content
quality (usefulness and relevance), and service quality (the
process of care provided) [15,19,20]. Additionally, both coders
independently selected citations for 9 of the semistructured
interviews concerning the implementation process and coded
these into categories. The remaining 2 CW transcripts were
coded by 1 coder (SDL).

Next, the 2 coders met to review the extracted citations and
themes from the needs assessment interviews and CWs.
Disagreements were resolved through consensus, which was
reached on all citations and themes. They developed 2
frameworks (one for the needs assessment and one for the CWs),
in which the themes were identified and subthemes defined.
After coding, the raw data were examined again to ensure the
robustness of the analytical process and to ensure that all the
data were reflected in the coding [21]. Quotations were
translated from Dutch into English and anonymized.

Results

Step 1: Health Care Professionals’ Needs Assessment

Current Follow-Up Care: Assessing Symptoms and
Supportive Care Needs
Health care professionals indicated that during consultations
they typically ask the cancer survivors about their symptoms
and undertake a physical examination. A few indicated they
also asked their patients to complete PROs. Furthermore, when
preparing for the consultations, health care professionals
indicated that they consulted with their colleagues, as well as
the electronic hospital information system (Table 3).

Health care professionals mentioned several difficulties in
assessing survivors’ symptoms and in the referral process to
supportive care services. They mentioned they are able to
address only a limited scope of issues during the consultation
due to limited time. In addition, all health care professionals
said they tend to focus on their own field of expertise, for
example, physicians indicated that they do not feel capable of
assessing a survivor’s psychological well-being:

In an open setting you will of course ask: “Are there
any things you’d like to discuss?” I think that works
fine as a first move to also allow space for the
psychological aspects, but of course you do ask things
like: “How is your weight?,” “What about the pain?.”

Another difficulty according to health care professionals is that
they do not want to burden the survivor with unnecessary
questions about irrelevant or irreversible symptoms, for example,
problems with salivary glands due to radiation therapy. In
addition to this, they indicated that they lack a complete picture
of survivors’ symptoms and quality of life. This comes about
due to survivors’ hesitancy in mentioning all their symptoms
and issues, as well as due to fragmentation in clinical care (eg,
no insight into the patient information system of the other health
care professionals involved).
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Table 3. Overview of key issues and themes from the needs assessment.

ThemesKey issues

Detecting symptoms and need for supportive care

Assessment of survivors’ symptoms

Verbal questioning (based on checklist or according to protocol)Consulting survivor

Observing and physical examination (according to protocol)

Wait and see what symptoms survivor describes

Use of PROs (OncoQuest)

Consulting colleagues

Consulting patient information system

Barriers in determination

Limited consultation timeLimited scope of issues being raised during consultation

Limited skills or expertise of health care professional

Limited responsibility of health care professional

Irrelevant symptomsDo not wish to burden the survivor by asking about…

“Irreversible” symptoms caused by treatment

Patients do not mention all symptomsNo complete picture of a survivors’ symptoms

Fragmentation in care

Current referral to supportive care options

Supportive care services referred

Allied health services, ie, physical therapist, dieticianAvailable services within the hospital

Specialized cancer centersServices outside hospital

Cancer rehabilitation program

Allied health services in the region

General practitioner

Barriers in referral

Lack of overview of available and adequate supportive careLack of options

Lack of time to encourage survivors to obtain supportive carePractical barriers in referral

Referral to region complicated due to lack of expertise on HNC

Referral only possible through physician

Survivor is unwilling to be referredNo need of survivor to be referred

Survivor already has adequate supportive care

Expected added value of eHealth application in follow-up care for health care professionals

Increases insight into symptoms
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ThemesKey issues

Provides insight into the interdependence of patients’ symptomsProvides a complete picture of patients’ symptoms

Signal function: creates awareness of the severity of symptoms

In support of their own observation/impression of health care professional

By monitoring symptoms ability to serve as treatment outcome

Low threshold to speak up about specific issues/symptomsImproved (preparation for) consultation

Option to target questions regarding specific symptoms

Option to elaborate on and prioritize symptoms

Personalized advice/information

More detailed information than provided by physicianProvides tailored information

Back up for advice provided by health care professional

Supportive to information provided by health care professional

Informative support to self-management advicePlatform to deliver additional care

Availability of physical therapy exercises

Improved knowledge in QOL domains out of health care professionals’ exper-
tise

Increases insight into QOL domains

Increased insight into supportive care optionsInsight into supportive care options

Showcase for hospitalAdditional service in follow-up care

Health care professionals indicated that care for HNC patients
in The Netherlands is provided by multidisciplinary teams
during treatment. However, follow-up care is generally provided
only by physicians who continue to follow-up on the cancer
survivor regularly. Physicians said they were hesitant to refer
survivors to supportive care. In cases of mild symptoms, they
provide the survivor with personal advice themselves. Where
there are cases of severe symptoms, they refer survivors to other
health care professionals. The supportive care services that
health care professionals make their referrals to are often limited
to other health care professionals in the same hospital. When
referral takes place to services outside the hospital, these mainly
include specialized centers for cancer survivors, cancer
rehabilitation programs, allied health services in the region, or
the survivor’s general practitioner.

Health care professionals also described barriers in referral to
supportive care. They reported a lack of overview of the
availability of supportive care services. Also, practical barriers
in referral were mentioned, including a lack of time to encourage
survivors to obtain supportive care:

What I usually do, is just say “this is available,” and
if it will do some people good, they will give it a go
if I want them to. In itself, that’s fine, but it is tricky,
as you only have a short amount of time during a
consultation. You have to encourage people too and
that is often the problem.

Referral to allied health services in the region was considered
complicated due to a lack of expertise in HNC. Finally, health
care professionals indicated there was a perceived lack of need
by the survivor to be referred, either due to unwillingness or
due to the health care professionals’assumption that the survivor
already had adequate support.

Health Care Professionals’Views on a Proposed eHealth
Application in Follow-Up Cancer Care
Most health care professionals expected an eHealth application
to provide added value for themselves in their practice,
particularly in terms of follow-up care with the aim of
optimizing supportive cancer care (Table 3). They hoped by
using an eHealth application such as this to monitor survivors,
to obtain an increased insight into these patients’ symptoms. In
addition, the application could help detect survivors with severe
symptoms. Health care professionals indicated that they
anticipated the application could serve as a tool during their
consultations, help prioritize symptoms, and support them in
elaborating on and targeting questions toward symptoms.

Personalized information and advice for survivors provided by
an eHealth application was expected to have an added value, if
tailored to tumor type or treatment. Health care professionals
indicated they expected this information to be supportive or
supplementary to the information they provided to patients.
Health care professionals expected that the application could
also serve as a platform to deliver additional care, such as
self-management advice and physical therapy exercises. Another
benefit expected was an increased insight into various quality
of life domains that were not part of the health care
professionals’ specialty.

Insight into supportive care options available could be improved
by means of an eHealth application. Finally, health care
professionals expected the application to be an additional service
for survivors in follow-up care, which could serve as a showcase
for the hospital.

Step 2: Prototype of OncoKompas
The prototype OncoKompas was developed in Step 2.
OncoKompas was developed as an online computer application.
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It consists of the following 3 components: (1) Measure, (2)
Learn, and (3) Act. In the “Measure” component, cancer
survivors can independently complete PROs targeting the
following QOL domains: physical functioning, psychological

functioning, social functioning, healthy lifestyle, and existential
issues. A specific domain containing topics for head and neck
cancer patients is available, in addition to those general domains
for cancer survivors (Table 4).

Table 4. Overview of OncoKompas topics.

Head and neck cancerExistential is-
sues

Healthy
lifestyle

Social QOLPhysical QOLPsychological QOL

SwallowingLife questionsAlcoholSocial lifeGeneral everyday lifeAnxiety and depression

SpeechReligionPhysical ac-
tivity

Relationship with partnerPainFear of recurrence

Oral functionFuture perspec-
tive

Dietary in-
take

Relationship with chil-
dren

SexualitySubjective cognitive functioning

Neck and shoulder func-
tion

WeightFinancial circumstancesSleep qualityStress

Loss of smell and tasteSmokingPatient-physician commu-
nication

Body image

Head and neck cancer
specific lymphedema

Return to workFatigue

Nutritional drink/Tube
feeding

Diarrhea

Lack of appetite

Dyspnea

Nausea or vomiting

Constipation

Hearing and tinnitus

On the basis of the interview results, specific PROs, validated
questionnaires (or subscales) if available, were selected by the
project team in collaboration with teams of experts. This
selection was based on Dutch practice guidelines and literature
searches. Data from the “Measure” component are processed
in real-time and linked to tailored feedback to the cancer
survivor in the “Learn” component. All algorithm calculations
are based on available cutoff scores or are defined based on
Dutch practice guidelines, literature searches, and/or consensus
by teams of experts. A compass metaphor is used in the “Learn”
component to summarize overall well-being. Once overall
well-being has been presented, feedback is provided to the
participant on the risk level for the topics (eg, depression,
fatigue) by means of a 3-color system: green (no elevated
well-being risks), orange (elevated well-being risks), and red
(seriously elevated well-being risks). Cancer survivors receive
elaborate personalized information on the outcomes. For
instance, taking depression, information is provided on the
symptoms of depression and the proportion of cancer survivors
who suffer from depressive symptoms. Special attention is paid
to evidence-based associations between outcomes. For example,
feedback on the association between depression and fatigue is
provided if a participant has an orange or a red score on
depression as well as on fatigue. The feedback in the “Learn”
component concludes with comprehensive self-care advice (tips
and tools). All this advice is tailored to the individual cancer
survivor, for example, tailored to age (eg, survivors over 70
years of age receive an adapted advice on exercising), gender

(eg, advice on sexuality issues differ between men and women),
and comorbidity (eg, dietary advice differs for diabetic patients).

In the “Act” component, survivors are provided with
personalized supportive care options based on their PRO scores
and expressed preferences (eg, preference for individual therapy
versus group therapy). If a participant has elevated well-being
risks (orange score), the feedback includes suggestions for
self-help interventions. If a participant has “seriously elevated
well-being risks” (red score), the feedback includes advice to
contact their own medical specialist or general practitioner. If
survivors want to share their results with their caregiver, they
are able to “print their results to PDF” and either bring these
with them (hard copy) during their consultation with the
caregiver or email these results to the caregiver.

A clickable demo of the application (in Dutch) or an animation
video (in Dutch and English) is available on the OncoKompas
website.

Step 3: Cognitive Walkthroughs
Technical errors occurred in 2 of the 11 CWs but were
subsequently resolved. Health care professionals’ strengths and
weaknesses concerning quality of the system, content, and
service are presented in Multimedia Appendix 1.

System Quality
Health care professionals’ opinions toward the accessibility of
OncoKompas varied. Many health care professionals indicated
that OncoKompas may not be useful for a group of HNC
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survivors, due to limited eHealth literacy skills, lack of
motivation, and older age. Others emphasized the usefulness
of eHealth applications for HNC survivors, through the
elimination of social barriers, such as difficulty speaking and
shame about facial scarring. The 24/7 availability from home
was considered important (see Multimedia Appendix 1).

According to the majority of health care professionals, the ease
of use of OncoKompas was suboptimal because of the
complicated navigation structure. Health care professionals
mentioned that the interface was too busy for the target group.
Complicating aspects included too much scrolling and unclear
progress in the “Measure” component of OncoKompas. Positive
aspects included a self-explanatory walkthrough of the
application and the option to quit and save the questionnaire
halfway through.

Health care professionals suggested the level of tailoring needed
to be improved, for example, with respect to the advice provided.
They considered the advice as distant and general, which could
make it unclear to the survivor that the information had been
tailored to their situation. Some mentioned that as participants
are forced to monitor all symptoms, they might receive
information on symptoms irrelevant to them. The provision of
tailored advice, in contrast to surfing the Web was considered
positive:

As I see it, the advantage of the program is that it
makes the piles of available information accessible.

Finally, health care professionals suggested including reminders
to encourage participants into action.

Content Quality
Health care professionals believed there was tension between
the application goal and the use of evidence-based PROs. The
use of evidence-based PROs requires participants to fill out
more questions than needed to obtain personalized advice.
However, the evidence-based content of the application was
valued by health care professionals. The application mostly
followed health care professionals’ own professional standards
with respect to enquiring about symptoms and the provision of
advice, which dovetailed with their advice to potential end users.
In other words, the advice given in the application was the
advice that health care professionals expected to be provided
(see Multimedia Appendix 1):

When I look at it, it provides the advice that I would
expect to be provided.

Health care professionals varied in their opinion regarding
content comprehensibility. The “Measure” component was
considered difficult by some health care professionals, as was
the use of abstract terminology (eg, “well-being profile”). Others
were positive about the different comprehensibility levels at
which information was provided to participants. They
complimented the formulation of advice texts and the different
levels of information provided by the application (so-called
read more options):

I believe that most people are able to gauge their own
level pretty well. And people who cannot fully grasp

this information, soon think, well, I have read all the
tips, that will do.

The content was considered to be complete by most health care
professionals. They were positive about the completeness of
the QOL aspects included, their interdependence, and the
diversity in supportive care options provided. Others indicated
that the content was superfluous in that some information is
provided to participants several times throughout OncoKompas.
Some believed information was missing, for example, costs of
supportive care options.

Service Quality of OncoKompas
Health care professionals were positive about the usefulness of
OncoKompas in identifying symptoms, especially by providing
patients with a complete picture of their well-being and insight
into the interdependences, leading to a clarification of request
for help:

OncoKompas is useful...by broadening the insight of
patients and clarifying to them when the time has
come to ask for help. Instead of having just us as
health care professionals ask and explore, it can
enable patients to become more pro-active in that
respect.

Health care professionals’concerns included that OncoKompas
lacks nuance and may not be as tailored as a personal
consultation with a health care professional (see Multimedia
Appendix 1).

Health care professionals also indicated that they expected
benefits in informing participants by creating an opportunity to
receive information on sensitive topics. Others mentioned that
survivors may be reluctant to use the application for information,
because it is easier for them to contact the outpatient clinic.
Some health care professionals expected that participants might
receive inaccurate or irrelevant information if they inaccurately
navigated through the application:

Well, with only a few wrong clicks, you can end up
with the strangest of information. That does worry
me a bit.

Health care professionals indicated that the application could
support participants by referring them to appropriate supportive
care options compatible with their symptoms. Some health care
professionals mentioned concerns regarding whether participants
would know what to do next. They expected participants to get
lost in the supportive care options available to choose from,
possibly leading to a lack of action.

Health care professionals also mentioned to expect some overall
benefits for future participants, such as empowerment and
increased engagement:

I can imagine this patient is wondering, “Do I have
to bother my physician about that?” And when she
receives the information from OncoKompas, she sees,
“Yes, I should bother my physician about that.”

According to health care professionals, the application could
also help participants be better prepared for their consultations.
Concerns mentioned by health care professionals included an
expected increase in workload and more consultations with
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health care professionals due to participants’ increased insight
into whom to turn to with their symptoms. Some health care
professionals mentioned that OncoKompas could possibly lead
to participants’ continuing to obsess about their disease instead
of helping them move on with their life or that emotions
surrounding their cancer could (re)surface. Another negative
consequence mentioned by health care professionals was that
participants might not seek the expertise of a health care
professional concerning their symptoms if they had already
received information from the application.

Implementation of OncoKompas
Most health care professionals mentioned a positive intention
to refer their patients to OncoKompas. All health care
professional agreed that if the application were to be
implemented in daily clinical practice, it should be offered to
survivors through a routine procedure in a care pathway.
Physicians believed that referral to the application should take
place from different sources, including outside the hospital (eg,
by the Dutch Cancer Society). Health care professionals
suggested possibilities to increase awareness, such as providing
a demo in the waiting room (see Multimedia Appendix 2).

Health care professionals differed in their opinion toward the
best strategy to implement the application in clinical practice.
Several health care professionals believed that OncoKompas
should be implemented as a self-management instrument
(independent use by survivors), while others stressed the use
as a supported self-management instrument (with support from
a health care professional).

Implementation as a self-management instrument was expected
to stimulate survivor empowerment and to support survivors in
defining their own route to relieving their symptoms and
increasing their quality of life. Furthermore, health care
professionals mentioned that survivors are responsible for their
own well-being. Health care professionals indicated that referral
of survivors to their physician by means of OncoKompas in
case of severe symptoms would relieve them from the
responsibility to take action on symptoms they may not know
are present. Health care professionals argued that with a
self-management application, survivors’ privacy would remain
intact. They expected survivors to answer more truthfully if
they knew their physician would not have access to the data:

When a patient wants to share their results, that would
be nice, but I think the additional value also lies in
that he has the opportunity to keep it to himself.

Finally, health care professionals expected that they could get
around difficulties in discussing OncoKompas results during
their regular consultations (eg, difficulties due to time pressure
and the priority to check for cancer recurrence) by offering HNC
survivors access to OncoKompas as an unsupported
self-management application.

Other health care professionals indicated that OncoKompas
should be implemented as a supported self-management tool
because the responsibility of survivors’ well-being always
remains with the health care professional. Health care
professionals wished to receive feedback through access to
OncoKompas or a system alert. They wanted to use the results

to discuss these and prioritize symptoms during their
consultations. Health care professionals indicated they were
aware that when OncoKompas is implemented as a supported
self-management tool, this requires action from the health care
professionals in cases where survivors receive negative results
from the application. Health care professionals mentioned that
they might not always be able to fulfil this expectation, possibly
leading to survivor disappointment:

It might be that it raises false expectations in the
patient. As surely there will be times that I won’t come
round to it and if the patient then expects, the doctor
will have a quick read when I am there and we are
going to discuss what I have filled in, then that is a
bit hard on the patient.

Discussion

Preliminary Findings
This study investigated health care professionals’ perspectives
toward current follow-up care and the added value of an eHealth
application monitoring QOL via patient-reported outcomes
(PROs; Measure) followed by automatically generated tailored
feedback (Learn), and personalized advice on supportive care
(Act).

Barriers in Referral to Supportive Care and Health
Care Professionals’ Acceptance of an eHealth
Application
The results of this study showed that current referral to optimal
supportive care is limited due to several barriers, such as limited
consultation time and a lack of overview of supportive care
options. Our data support previous studies that have obtained
insights into these barriers [7-9,22,23]. Furthermore, health care
professionals clearly indicated they expected survivors to
mention their symptoms. However, previous studies have shown
that survivors themselves also experience barriers possibly
resulting in unmet needs [8,10,14]: emotional barriers, such as
not wanting to complain after surviving cancer, and practical
barriers, such as not wanting to burden their physician. By
automating the referral process to supportive care by means of
an eHealth application, a barrier such as not wanting to burden
their physician may be removed. In general, health care
professionals expected that the proposed eHealth application
could optimize the referral to supportive care.

Content, System, and Service Quality of OncoKompas
Overall, health care professionals were most pleased with the
service quality of the application but mentioned several
considerations regarding its system and content quality.

Our study showed that health care professionals concluded that
OncoKompas was useful for a limited group of (HNC) survivors.
A frequently mentioned barrier was lack of Internet access,
which is remarkable as a large majority of the Dutch population
(90.4%) has access to the Internet; 80% of 65-75 year olds
indicated they used the Internet [24]. Therefore, access to the
Internet seems to have become less of a barrier and the emphasis
should be on developing an application congruent with eHealth
literacy skills of end users. The needs assessment among cancer
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survivors showed that they required the application to be easily
comprehensible [14].

Health care professionals in our study underlined the importance
of tailoring the application. In the needs assessment among
cancer survivors, tailoring was also deemed important. Patients,
however, mentioned doubts about the degree of tailoring that
is possible [14]. According to health care professionals, a lack
of tailoring could lead to a loss of interest, possibly leading to
nonadherence [25]. Health care professionals suggested that
only select topics of concern to a user should be provided to
improve tailoring.

Considering the content quality of OncoKompas, the majority
of issues mentioned were related to the use of PROs. Usage of
PROs resulted in overlap between items (as individual items
cannot be deleted from validated PROs). Additionally, health
care professionals mentioned comprehensibility issues: they
assessed several PROs as too difficult. Although we strived for

readability at the 10thgrade level in all texts in the “Learn” and
“Act” components of OncoKompas, validated PROs are not
always at this reading level.

This study demonstrated that most health care professionals
expect that the application will support survivors in obtaining
appropriate and timely supportive care tailored to their
symptoms [14]. This is in line with results of the needs
assessment among cancers survivors. They expected similar
advantages in receiving information on supportive care options
tailored to their specific needs, for example, the ability to find
supportive care options on their own and to take actions toward
their symptoms [14]. In directing the HNC survivor to optimal
supportive care, OncoKompas meets the objective of the current
cancer care navigation movement toward ensuring cancer
survivors receive adequate follow-up and supportive care
[26,27]. However, some health care professionals in our study
doubted whether survivors would know what to do after
completing OncoKompas. They expected that HNC survivors
could get lost in the supportive care options they can choose
from, possibly leading to a lack of action. Given the evidence
that more options and choice equals more stress and less action
[28], the number of supportive care options that OncoKompas
offers to the participant is limited to 3 recommendations.

Implementation of eHealth
Health care professionals differed in their opinion whether
OncoKompas should be implemented as a self-management
application or a supported self-management application. The
consequences of implementation on existing working procedures
were discussed in interviews with those who preferred to
implement OncoKompas as a supported self-management
application, for example, incorporating an alert system in the
hospital patient information system. Other health care
professionals were of the opinion that survivors are responsible
for their own well-being and that because of the importance in

empowering the survivor and respect for the survivor’s privacy,
the application should be implemented as a stand-alone
self-management instrument. Wiggers et al [29] reported that
implementing a supported self-management eHealth application
in routine clinical practice increases the complexity of existing
working procedures, possibly leading to low uptake of an
eHealth application. This barrier may be avoided when
implementing the application as a self-management tool. Both
options offer advantages in clinical practice: supported
self-management applications may be more suitable for
survivors who lack eHealth literacy skills, while other cancer
survivors may be more empowered by a stand-alone
self-management instrument. Consequences of both options
need to be studied further.

Strengths and Limitations
This study is limited due to the small number of health care
professionals involved. Another limitation is that it might have
been difficult for health care professionals to view an eHealth
application from the survivors’ perspective. However, the use
of a participatory design approach, including health care
professionals from different academic hospitals as well as
combining these results with cancer survivors’ perspectives
[14], covered all main aspects. The added value of usability
research is limited when weaknesses are mentioned that could
have been prevented in the design process. Because there are
no similar applications in oncology, the results of our study add
value and can be used as a guide for designing other
applications. A strength of this study is that we also gained
insight into implementation requirements of eHealth in clinical
practice.

Conclusion
Health care professionals experienced a variety of barriers in
the current organization of supportive cancer care, such as a
lack of overview of options. Health care professionals expected
that the use of an eHealth application that monitors QOL and
provides automatically generated personalized advice and
referral to supportive care options may be helpful in eliminating
some of these barriers. However, they also highlighted some
concerns. They mentioned that the application may not be useful
for all HNC survivors due to limited eHealth literacy and an
older age. Cognitive walkthroughs revealed several points for
optimizing the prototype of the application, including improved
tailoring. Health care professionals expected several advantages
for survivors: insight into the interdependence of symptoms for
cancer survivors, (earlier) referral to adequate supportive care,
and increased patient empowerment. Finally, useful
recommendations for developing an efficient implementation
strategy appeared from the interviews. It can be concluded that
including health care professionals in an early phase of a
participatory design approach is valuable in designing an
eHealth application and an implementation strategy that meets
stakeholders’ needs.
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Abstract

Background: Mobile technology has the potential to deliver behavior change interventions (mHealth) to reduce coronary heart
disease (CHD) at modest cost. Previous studies have focused on single behaviors; however, cardiac rehabilitation (CR), a
component of CHD self-management, needs to address multiple risk factors.

Objective: The aim was to investigate the effectiveness of a mHealth-delivered comprehensive CR program (Text4Heart) to
improve adherence to recommended lifestyle behaviors (smoking cessation, physical activity, healthy diet, and nonharmful alcohol
use) in addition to usual care (traditional CR).

Methods: A 2-arm, parallel, randomized controlled trial was conducted in New Zealand adults diagnosed with CHD. Participants
were recruited in-hospital and were encouraged to attend center-based CR (usual care control). In addition, the intervention group
received a personalized 24-week mHealth program, framed in social cognitive theory, sent by fully automated daily short message
service (SMS) text messages and a supporting website. The primary outcome was adherence to healthy lifestyle behaviors measured
using a self-reported composite health behavior score (≥3) at 3 and 6 months. Secondary outcomes included clinical outcomes,
medication adherence score, self-efficacy, illness perceptions, and anxiety and/or depression at 6 months. Baseline and 6-month
follow-up assessments (unblinded) were conducted in person.

Results: Eligible patients (N=123) recruited from 2 large metropolitan hospitals were randomized to the intervention (n=61)
or the control (n=62) group. Participants were predominantly male (100/123, 81.3%), New Zealand European (73/123, 59.3%),
with a mean age of 59.5 (SD 11.1) years. A significant treatment effect in favor of the intervention was observed for the primary
outcome at 3 months (AOR 2.55, 95% CI 1.12-5.84; P=.03), but not at 6 months (AOR 1.93, 95% CI 0.83-4.53; P=.13). The
intervention group reported significantly greater medication adherence score (mean difference: 0.58, 95% CI 0.19-0.97; P=.004).
The majority of intervention participants reported reading all their text messages (52/61, 85%). The number of visits to the website
per person ranged from zero to 100 (median 3) over the 6-month intervention period.

Conclusions: A mHealth CR intervention plus usual care showed a positive effect on adherence to multiple lifestyle behavior
changes at 3 months in New Zealand adults with CHD compared to usual care alone. The effect was not sustained to the end of
the 6-month intervention. A larger study is needed to determine the size of the effect in the longer term and whether the change
in behavior reduces adverse cardiovascular events.
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Introduction

Coronary heart disease (CHD) remains a leading cause of death
[1] and an economic burden worldwide [2]. Approximately 80%
of CHD is caused by modifiable risk factors, including physical
inactivity, smoking, unhealthy diet, and harmful alcohol
consumption [1]. Implementing lifestyle changes and adhering
to prescribed medication regimens can reduce the risk of future
cardiac events and aid recovery [1]. Cardiac rehabilitation (CR)
is an essential part of the contemporary management of CHD
[3,4] and typically involves a program of medication and risk
factor education, supervised exercise training, and psychological
support.

Recent meta-analyses of randomized controlled trials (RCTs)
have reported that CR is associated with improvements in
mortality and morbidity [5-7], favorable cholesterol profiles
[6,7], changes in smoking prevalence and blood pressure [6],
and positive effects on quality of life [5,7]. Despite the benefits
of CR, participation rates are less than 50% in most high- and
middle-income countries [8], including New Zealand [9]. In the
United States, an audit of 267,427 Medicare beneficiaries found
that only 18.7% of eligible patients attended one or more
outpatient CR sessions [10] and only 3 of 28 European countries
estimated that CR participation was greater than 50% [11].

Most CR programs are delivered face-to-face in group sessions
at hospitals or community centers. Low attendance rates indicate
that the center-based approach does not suit all patients [12].
Home-based CR programs have been shown to be equally
effective in clinical and health-related quality of life outcomes;
however, few CR programs offer a home-based alternative [12].
Telehealth CR interventions have also shown effective
reductions in CHD risk factors [13]. Greater choice of delivery
model could improve CR attendance. Another option to explore
is mobile CR (mHealth) because mobile technology continues
to be integrated into daily life and usage rates are near 100%
globally [14].

Increasingly, mHealth, the use of mobile technology (eg, short
message service [SMS] text messaging, video messaging, instant
messaging, the Internet, apps, and voice calling) to deliver health
care, is being utilized in disease prevention and management
[15,16]. Text messaging, the most researched form of mHealth,
can facilitate health behavior change because it allows instant
and individualized health communication and reinforcement
through periodic prompts and reminders [15-18]. Recently,
SMS interventions have successfully improved physical activity
levels [19] and medication adherence among the CHD
population [20,21]; however; CR involves supporting people
to make multiple lifestyle changes because many patients have

more than one behavioral risk factor. There is potential to
improve individuals’overall health and reduce health care costs
by targeting multiple health behaviors [22].

The aim of this study was to investigate the effectiveness of an
mHealth-delivered comprehensive CR program (Text4Heart)
to improve adherence to recommended lifestyle behaviors, in
addition to usual care, in adults with CHD. We hypothesized
that participants receiving the mHealth program would have
greater adherence to lifestyle behaviors after the intervention
compared to usual care alone. Secondary objectives included
exploring the effects of the intervention on cardiovascular
disease (CVD) risk, illness perceptions, medication adherence,
self-efficacy, and anxiety and/or depression.

Methods

Design
We conducted a 6-month, 2-arm, parallel RCT in 123 adults
diagnosed with CHD. The study received ethical approval (New
Zealand Health and Disability Ethics Committee 13/NTA/06)
and the protocol was registered and published before the
conclusion of recruitment (ACTRN 12613000901707) [23].
The trial was developed and reported according to the
CONSORT-EHEALTH statement (Multimedia Appendix 1).

Participants
We recruited participants from 2 large metropolitan hospitals
in Auckland, New Zealand. A trained researcher screened and
approached eligible patients about the study before discharge
from hospital after their cardiac event. Included participants
were English-speaking adults with a documented diagnosis of
CHD (myocardial infarction, angina, or revascularization).
Although participants were not required to have computer or
Internet literacy, access to the Internet (eg, at home, work, or
library) was a requirement. Participants need not own a mobile
phone with text messaging capability because phones were
supplied for the duration of the study if necessary. Those with
untreated ventricular tachycardia, severe heart failure,
life-threatening coexisting disease with life expectancy less than
1 year, and/or significant exercise limitations for reasons other
than CHD were excluded.

Procedures
Eligible participants provided informed consent (see Multimedia
Appendix 2) and completed a face-to-face baseline assessment
in hospital, a clinic, or home setting within 4 weeks of hospital
discharge. All participants received usual care, which included
inpatient rehabilitation and encouragement to attend
center-based CR. Traditional CR offered at the hospital
recruiting sites in this study consisted of one 1-hour outpatient
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education program per week for 6 weeks at a hospital or
community center covering a range of topics, including
cardiovascular risk factors, lifestyle change, and psychosocial
support. Patients also were encouraged to attend a 16-session
supervised exercise program at the participating hospital or
outpatient center. Participants could take part in usual care CR
from point of discharge to 6 months after their heart event. In
addition to usual care, the intervention group received a 24-week
mHealth program sent by automated daily text messages and
access to a supporting website commencing within a week of
the baseline assessment. All participants were telephoned at
3-months postrandomization to collect primary outcome data.
No telephone coaching was done during this follow-up call. At
6-months postrandomization, participants were seen at a clinic
or in a home setting for final follow-up assessment.

Intervention
We created and refined the Text4Heart intervention through
formative and pretesting studies following the mHealth
Development and Evaluation Framework [24]. Full details of
the intervention, including example text messages and
screenshots of the website, can be found in the published
protocol [23]. In short, a theoretically framed comprehensive
program of evidence-based CR guidelines [4,25,26] was
delivered by text message and a supporting website over 24
weeks. The aim was to mirror current CR programs in educating
patients about their cardiovascular risk factors and supporting
them to make relevant lifestyle changes. Recommended lifestyle
changes included stopping smoking, limiting alcohol
consumption to less than 14 units of alcohol per week, eating
5 servings of fruit and vegetables per day while decreasing salt
and saturated fat content, and starting and/or maintaining regular
physical activity (150 minutes of moderate-to-vigorous intensity
physical activity per week).

To encourage lifestyle change, the intervention was based on
social cognitive theory and the key mediator of self-efficacy.
Perceived self-efficacy is the extent to which people believe
they can exercise control over their health behaviors [27]. With
higher levels of self-efficacy, individuals can self-regulate their
behavior by setting goals, creating incentives, and enlisting
social support from others to maintain their motivation [28].
Self-efficacy has been shown to decline among CR nonattenders
[29], which is noteworthy because higher levels of self-efficacy
are linked to better clinical outcomes such as lower blood
pressure and reduced hospitalizations [30].

Although targeting self-efficacy can help change lifestyle
behaviors, people with CHD may need additional support to
cope cognitively and emotionally with their heart event. People
diagnosed with CHD can experience many negative emotions,
including anxiety and depression, which can negatively impact
their recovery process [31]. One way to improve coping is to
modify illness perceptions and emotional representations of the
disease. The Common Sense Model was also used to frame the
intervention because it specifically outlines coping strategies
for modifying illness perceptions and the negative emotions
that arise with a health threat [32].

Participants received 7 messages per week (1 per day) and had
access to a supporting website. Intervention participants also

received a pedometer to self-monitor their physical activity.
Messages were tailored to participants’name and preferred time
of day to receive messages. From weeks 13 to 24, the frequency
of messages decreased to 5 per week. Bidirectional messaging
was used because participants were prompted to text in their
weekly pedometer step counts and to ask questions or for
feedback on other behaviors. Reponses to step counts were
automated and based on the number of steps achieved, whereas
individual questions were responded to personally by the
research team within 48 hours. Participants were reimbursed
for any costs associated with text messaging. The supporting
website was accessed using a secure log-in system and included
additional information, biweekly tips from the research team
via a participant blog, graphs displaying their pedometer step
counts, and short video messages from role models and medical
professionals [33]. No changes were made to the intervention
content or delivery during the study period. All text messages
were sent from a centralized server.

Outcome Measures
The primary outcome was patient adherence to recommended
health guidelines measured as a binary variable using a
self-reported composite health behavior score based on the
European Prospective Investigation into Cancer (EPIC)-Norfolk
Prospective Population Study [34] at 6 months. We amended
the study protocol shortly after recruitment began to include an
additional end point: the same composite measure was used to
collect the primary outcome at 3-months postrandomization
during planned telephone calls because we decided it would be
interesting to measure behavior change at the halfway point of
the study in addition to 6 months. Participants received a score
from 0 to 4 (out of 4) based on the number of health guidelines
they met. Based on their score, participants were classified as
adherent if they scored 3 or more out of 4 and nonadherent if
they scored 2 or less. The health behaviors, scores, and outcome
measures were smoking habit (1=not currently smoking; 0=had
≥1 cigarettes in past 7 days) as measured by a smoking history
questionnaire [35], fruit and vegetable intake (1 indicates ≥5
servings daily; 0 indicates ≤4 servings daily) from the New
Zealand Health Survey [36], alcohol intake (1 indicates ≤13
units per week; 0 indicates ≥14 units per week) as measured by
the Alcohol Use Disorders Identification Test Consumption
(AUDIT C) [37], and physical activity (1 indicates ≥14 units
of moderate-to-vigorous activity/week; 0 indicates ≤13 units of
moderate-to-vigorous activity/week) as measured by the Godin
Leisure Time Physical Activity Questionnaire [38].

Secondary outcomes were evaluated at 6 months using
self-completed questionnaires and clinical assessments. Clinical
outcomes included individual biomedical risk factors (systolic
and diastolic blood pressure, lipid profile, weight, body mass
index, waist-to-hip ratio) and subsequent CHD risk probability
using models proposed by D’Agostino developed from the
Framingham Heart Study [39]. Medication adherence was
measured using the Morisky 8-item Medication Adherence
Questionnaire [40]. Psychological measures included the
Self-efficacy for Managing Chronic Disease 6-item scale [41],
the Brief Illness Perception Questionnaire [42], and the Hospital
Anxiety and Depression Scale [43]. Serious adverse event data
were collected at the 6-month assessment. Fidelity to the
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Text4Heart intervention was assessed using an author-derived
questionnaire and calculating website and response text message
usage statistics (intervention group only).

Randomization and Blinding
Following informed consent and the baseline assessment,
participants were randomized to either the intervention or the
control group in a one-to-one ratio and stratified according to
smoking status (smoker vs nonsmoker) to balance baseline
health behavior scores. The randomization sequence was
computer generated by a statistician independent to the project
using a block size of 6. Allocation was concealed in sequentially
numbered, opaque, sealed envelopes. Participant enrollment
and assignment to the intervention were completed by a trained
research assistant after baseline data collection. Because of the
nature of the intervention, participants and outcome assessors
were not blinded to their treatment allocation. Investigators,
project statisticians, and usual care CR program leaders were
blinded to group allocation.

Analysis

Sample Size
We estimated that a sample size of 120 (60 per group) would
provide at least 80% power at the 5% level of significance
(2-sided) to detect an absolute difference of 25% between the
2 groups, in the proportions of participants adherent to
recommended healthy behavior guidelines. A previous study
using a similar health behavior score found that approximately
70% of adults without known cardiovascular disease adhered
to 3 to 4 out of 4 health behaviors [34]. We estimated that 30%
of our study population with established CHD would be adherent
at baseline and hypothesized that the Text4Heart intervention
would change the proportion of participants’ adherent to
recommended healthy behavior guidelines by at least 25%
compared to the control group at 6 months postrandomization.

Statistical Methods
We analyzed treatment evaluations by intention to treat, using
the observed data collected from all randomized participants.

Missing data were not imputed if the proportion of missing in
the primary outcome was less than 10%. We did all statistical
analyses using SAS version 9.3 (SAS Institute, Cary, NC, USA).
All statistical tests were 2-sided at a 5% significance level. A
formal statistical analysis plan was approved by the trial steering
committee before data lock.

We used logistic regression to measure the main treatment effect
on the proportion of participants adherent to lifestyle change
(≥3 of 4 behaviors) at the end of the 6-month intervention period,
adjusting for baseline adherence level and stratification factor
(smoking status) and on the same outcome at 3 months. We
used analysis of covariance (ANCOVA) regression to evaluate
the treatment effect on continuous secondary outcomes,
adjusting for baseline outcome value (if measured) and smoking
status. We completed frequency and descriptive statistics on
the intervention feedback survey and website and response text
message usage statistics using Microsoft Excel 2010. All
analyses on secondary outcomes were exploratory. We did not
consider any sensitivity or subgroup analyses.

Results

Figure 1 presents the flow diagram of the progress through the
phases of the trial. A total of 291 patients were screened and
recruited over 10 months between 2013 and 2014. Of these,
123 eligible participants were randomized to the intervention
(n=61) or the control (n=62) group.

Participants were predominantly male (100/123, 81.3%), New
Zealand European (73/123, 59.3%), with a mean age of 59.5
(SD 11.1) years (see Table 1 for demographics). One quarter
of participants had a household income of less than the average
yearly income of NZ $50,000 (31/123, 25.2%) [44]. By the
6-month assessment, approximately half had attended at least
one session of usual care CR (intervention: 30/61, 49%; control:
34/62, 55%). All participants in the intervention group used
their own mobile phone.
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Table 1. Participant baseline demographic and clinical characteristics (N=123).

Control (n=62)Intervention (n=61)Characteristic

59.9 (11.8)59.0 (10.5)Age (years), mean (SD)

Gender, n (%)

52 (84)48 (79)Male

10 (16)13 (21)Female

Ethnicity a , n (%)

45 (73)46 (75)New Zealand or other European

2 (3)6 (10)Māori (indigenous)

2 (3)5 (8)Pacific Island

8 (13)6 (10)Indian

5 (8)2 (3)Other

Income (NZ$) b , n (%)

17 (27)14 (23)<50,000/year

40 (65)39 (64)>50,000/year

5 (8)8 (13)Don’t know/refuse to answer

Cardiac diagnosis, n (%)

52 (84)46 (75)Myocardial infarction

5 (8)4 (7)Unstable angina

5 (8)11 (18)Angina

Cardiac procedure, n (%)

47 (76)43 (70)Percutaneous coronary intervention

10 (16)14 (23)Coronary artery bypass grafting

5 (8)4 (7)Medical management

7 (11)14 (23)Diabetes

aCould identify with more than 1 ethnicity.
bIncome split into categories based on earning less or greater than the average yearly income of NZ $50,000.

For the primary outcome, the intervention group increased
adherence to recommended lifestyle behavior changes from
33% (20/61) at baseline to 59% (36/61) at 3 months and then
plateaued with 53% (32/61) still adherent at 6 months. The
control group had a smaller increase in adherence from 27%
(17/62) at baseline to 37% (23/62) at 3 months and 39% (24/62)
at 6 months. A significant treatment effect in favor of the
intervention was observed at 3 months (AOR 2.55, 95% CI
1.12-5.84; P=.03), but not at 6 months (AOR 1.93, 95% CI
0.83-4.53; P=.13). The percentage adherent to individual
behaviors can be seen in Table 2.

For the secondary outcomes (Table 3), the intervention group
reported a significantly greater medication adherence score

(mean difference: 0.58, 95% CI 0.19-0.97; P=.004). The
intervention group also had lower low-density lipoprotein (LDL)
cholesterol than the control group (mean difference: –0.25, 95%
CI –0.49 to 0.01; P=.05) at 6 months, although this did not meet
statistical significance. A negative effect was seen for total
hospital anxiety with the intervention group reporting
significantly greater anxiety than the control group at 6 months
(mean difference: 1.18, 95% CI 0.28-2.08; P=.01). No
differences were seen for clinical or other psychological
outcomes. There were 13 (intervention: n=8; control: n=5)
serious adverse events reported during the trial, although none
were study related.
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Table 2. Adherence to individual behaviors at baseline, 3 months, and 6 months.

Control, n (%)

(n=62)

Intervention, n (%)

(n=61)

Individual behavior

Baseline

51 (82)49 (80)Nonsmoker

53 (86)53 (87)Nonharmful alcohol intake

7 (11)17 (28)Physically active

15 (24)12 (20)≥5 Fruit and vegetable intake

3 months

53 (86)52 (85)Nonsmoker

53 (88)56 (92)Nonharmful alcohol intake

10 (16)21 (34)Physically active

18 (29)33 (54)≥5 Fruit and vegetable intake

6 months

55 (89)51 (84)Nonsmoker

56 (90)53 (87)Nonharmful alcohol intake

15 (24)19 (31)Physically active

15 (24)29 (48)≥5 Fruit and vegetable intake

Table 3. Baseline and 6-month secondary outcomes.

PAdjusted difference (95% CI) at
6 months

Control, mean (SD)

(n=62)

Intervention, mean (SD)

(n=61)

Outcome

6 monthsBaseline6 monthsBaseline

Clinical outcomes

.66–0.10 (–0.56 to 0.35)28.1 (4.4)28 (4.2)30.3 (5.4)31.0 (6.4)BMI

.290.01 (–0.01 to 0.02)0.94 (0.07)0.95 (0.07)0.97 (0.06)0.98 (0.07)Waist-to-hip ratio

Blood pressure (mm Hg)

.980.09 (–6.43 to 6.61)135 (16)129 (26)136 (20)131 (17)Systolic

.90–0.24 (–3.86 to 3.38)79 (10)75 (11)79 (11)78 (11)Diastolic

Cholesterol (mmol/L)

.08–0.29 (–0.61 to 0.03)3.8 (1.1)4.3 (1.2)3.6 (0.7)4.6 (1.2)Total

.51–0.04 (–0.15 to 0.07)1.2 (0.4)1.1 (0.3)1.1 (0.3)1.1 (0.3)HDL

.053–0.25 (–0.49 to 0.01)1.9 (0.8)2.4 (1.0)1.7 (0.6)2.7 (1.3)LDL

.68–0.27 (–1.58 to 1.04)8.1 (3.3)7.9 (3.4)CVD risk probability

.0040.58 (0.19 to 0.97)6.8 (1.2)7.3 (0.9)Medication adherencea

Psychological outcomes

.83–0.4 (–4.18 to 3.35)32.1 (12.6)39.8 (11.6)32.7 (11.2)41.8 (12.3)Overall illness threat

.011.18 (0.28 to 2.08)4.4 (2.9)5.5 (3.5)5.8 (3.5)6.3 (3.9)Hospital anxiety

.840.08 (–0.71 to 0.87)2.5 (2.2)3.8 (2.3)2.8 (2.8)4.3 (3.3)Hospital depression

.73–0.07 (–0.47 to 0.33)8.3 (1.2)7.9 (1.4)8.1 (1.48)7.6 (1.6)Overall self-efficacy

aUse of the MMAS is protected by US copyright laws. Permission for use is required. A license agreement is available from Donald E Morisky, ScD,
ScM, MSPH, Professor, Department of Community Health Services, UCLA School of Public Health, 650 Charles E Young Drive South, Los Angeles,
CA 90095-1772, United States.
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Figure 1. Trial registration flowchart.

Intervention Fidelity and Acceptability
All but one participant randomized to the intervention group
received the Text4Heart program. Intervention participants
reported high fidelity to the text messaging component; 52 of
61 (85%) participants reported reading all their text messages.
Nearly all participants sent in at least one step count text
response (58/61, 95%) with a mean of 15 (SD 8.7) step count
replies per participant over 24 weeks. A total of 23 participants
sent in questions or comments to the study team via text (23/61,
38%). The vast majority of participants (55/61, 90%) felt using
text messaging was a good way to deliver the Text4Heart
program. Most felt that the 24-week program was the right
length (48/61, 79%) and that we sent the right number of text
messages (51/61, 84%). Only 5 of 61 participants (8%) felt we
sent too many messages.

Less than half of participants (26/61, 43%) felt using a website
was a good way to deliver the Text4Heart program. Website
use data showed that 75% of participants (46/61) logged onto
the website at least once during the intervention period. The
number of visits to the website per person ranged from 0 to 100
(median 3) over the 6-month intervention period. Two
participants reported not using the website because they did not
know how to use it. Despite the lack of website use, nearly all
participants (55/61, 90%) would recommend the Text4Heart
program (both text message and Web) to other people who have
had a heart event. Most participants felt the program helped
them learn about (47/61, 77%) and recover (51/61, 84%) from
their heart event. More detail on participants’perceptions about
Text4Heart can be found in Multimedia Appendix 3.

Discussion

The Text4Heart intervention improved adherence to lifestyle
behaviors at 3 months when compared to usual care alone
(control), although the size of effect was not significantly
retained at 6 months. A treatment effect was also observed for
medication adherence. This study is one of the first to
demonstrate a positive effect of an SMS-based intervention on
multiple lifestyle behaviors. These findings highlight the
potential utility of this approach to augment existing services
in people with CHD. Strengths of the study included the RCT
design, minimal loss to follow-up, high fidelity to the text
messaging feature of the intervention, and the use of a composite
health behavior score. A composite score allowed for a clear
understanding of the intervention’s overall impact without the
risk of increasing type 1 error rate [22,45].

The Text4Heart intervention was delivered in addition to usual
care, which included inpatient CR and encouragement to attend
phase II outpatient CR. Because both groups had similar phase
II CR attendance, it appeared receiving simple text messages
resulted in greater lifestyle change at 3 months. This study was
powered to detect a large effect (25% difference between
groups) at 6 months, yet the observed difference at this end
point was 14%. A small improvement in adherence to multiple
lifestyle behaviors may still have clinical relevance. To detect
an effect of this magnitude (14%-15%), a post hoc sample size
calculation indicated that 400 participants would be needed;
thus, a larger study is warranted to examine any sustained effects
of such an intervention.

Small changes to the Text4Heart program may also help boost
the effects from 3 to 6 months. Relapse in unhealthy behaviors
may have occurred when the intensity of our text messaging
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decreased. Relapse prevention and coping content should be
delivered to re-engage those who drop off. Relapse prevention
has been investigated in smoking cessation trials [46]; however,
few studies have reported on maintenance of other healthy
behaviors and strategies to prevent relapse [47] and this remains
an area of future research.

Limitations
Although treatment allocation was concealed before
randomization, a limitation of this trial was that the outcome
assessors were not blinded (participants were randomized at the
conclusion of baseline visits by the same outcome assessors
who conducted follow-up visits at 6 months). In addition, the
primary outcome measure was self-reported so recall bias is
possible, although validated questionnaires were used where
feasible. The composite score did not capture all aspects of
behavior; however, we felt it was appropriate because it is
difficult to measure the multiple outcomes of CR. Objective
clinical measures provided additional information associated
with behavior changes; however, due to the short follow-up
these findings were exploratory in nature. Another limitation
was that the findings may not be transferable to other
populations because our sample was predominantly New
Zealand European, earned higher than the average yearly
income, and were generally text message and computer literate.

Comparisons With Other Work
Our findings extend previous research supporting the use of
text message-delivered interventions to promote behavior change
in people with CHD [19,48]. Text4Heart is one of the few to
intervene on and measure multiple behaviors, mirroring
traditional CR, which focuses on all potential behavioral risk
factors. Intervening on multiple behaviors simultaneously has
the potential to maximize the impact on an individual’s health
and may also be more cost-effective than addressing one
behavior at a time; however, it is unknown whether changing
behaviors sequentially is more effective than simultaneously
because few studies have compared the 2 approaches [22].

We found a positive treatment effect on medication adherence
supporting other text message interventions shown to improve
antiplatelet medication adherence among CHD patients [21].
The Text4Heart program incorporated several essential
intervention components needed for improved medication
adherence, namely, patient knowledge, counseling, and
self-monitoring [49]. Future iterations might encourage greater
patient counseling because the 2-way text message
communication option in this study was underutilized, which
may lead to stronger outcomes. The greater medication
adherence score and the increased servings of fruit and
vegetables observed (a component of the health behavior score)
may have contributed to lower LDL cholesterol among the
intervention group at 6 months. A larger trial with longer
follow-up is needed to determine whether the Text4Heart
intervention can make a clinically significant difference on LDL
cholesterol levels.

An unexpected outcome was the lower level of anxiety observed
in the control group. Both groups’ mean anxiety score was in
the normal category (0-7) and decreased from baseline to 6
months. A possible explanation for the effect on anxiety might
be that receiving text messages about one’s disease may lead
to more anxiety. Previous research has shown that confronting
a CHD diagnosis elicited negative emotions in the short term,
but improved health in the long term [50]. Longer follow-up is
needed to see if the difference observed in Text4Heart persisted
over time.

No differences were found between groups in the self-efficacy
or illness perception constructs. Both groups had high scores
at baseline, which may have led to a ceiling effect. Future studies
should focus on patients who have low self-efficacy to change
behavior.

Implications for Clinical Practice and/or Research
The Text4Heart intervention was a simple package of text
messaging and a website; however, because the website was
used infrequently and usual care CR attendance was similar
across groups, receiving text messages was likely the
predominant contributor to the observed effects. A text
messaging program could be easily incorporated into existing
CR, either as an alternative option for those unable to attend
center-based programs or as an add-on to extend current
services. It may be that earlier program commencement after
diagnosis and the longer duration of Text4Heart helped facilitate
and maintain behavior change. There is potential for this type
of program to reach underserved populations and those with
access-to-care barriers, such as patients living in deprived areas
or developing nations. Future research should be undertaken
with more diverse samples to determine if such an intervention
can reduce health inequalities.

Text4Heart was relatively simple to develop and use. A similar
study delivering exercise-based CR via text message was
considered to be cost-effective for walking and leisure-time
physical activity [19]. Apps [48] and the use of biofeedback
and wearable sensors have also been used to deliver CR. Apps
and sensor technologies may result in stronger effects because
they can allow for greater individual tailoring and improved
2-way communication with health care providers; however,
such technology are associated with greater financial and time
costs. More research is needed to compare outcomes of text
messaging and “appified” approaches before investing
significant resources into complex interventions.

Conclusion
Receiving a simple text message-delivered CR intervention in
addition to usual care had a positive effect on adherence to
multiple lifestyle behavior changes in New Zealand adults with
CHD at 3 months; however, the effect had attenuated by 6
months. A larger study with longer follow-up is needed to
determine whether these behavior changes can result in clinically
significant outcomes.
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Abstract

Background: One-third of US adults, 86 million people, have prediabetes. Two-thirds of adults are overweight or obese and
at risk for diabetes. Effective and affordable interventions are needed that can reach these 86 million, and others at high risk, to
reduce their progression to diagnosed diabetes.

Objective: The aim was to evaluate the effectiveness of a fully automated algorithm-driven behavioral intervention for diabetes
prevention, Alive-PD, delivered via the Web, Internet, mobile phone, and automated phone calls.

Methods: Alive-PD provided tailored behavioral support for improvements in physical activity, eating habits, and factors such
as weight loss, stress, and sleep. Weekly emails suggested small-step goals and linked to an individual Web page with tools for
tracking, coaching, social support through virtual teams, competition, and health information. A mobile phone app and automated
phone calls provided further support. The trial randomly assigned 339 persons to the Alive-PD intervention (n=163) or a 6-month
wait-list usual-care control group (n=176). Participants were eligible if either fasting glucose or glycated hemoglobin A1c (HbA1c)
was in the prediabetic range. Primary outcome measures were changes in fasting glucose and HbA1c at 6 months. Secondary
outcome measures included clinic-measured changes in body weight, body mass index (BMI), waist circumference,
triglyceride/high-density lipoprotein cholesterol (TG/HDL) ratio, and Framingham diabetes risk score. Analysis was by
intention-to-treat.

Results: Participants’ mean age was 55 (SD 8.9) years, mean BMI was 31.2 (SD 4.4) kg/m2, and 68.7% (233/339) were male.
Mean fasting glucose was in the prediabetic range (mean 109.9, SD 8.4 mg/dL), whereas the mean HbA1c was 5.6% (SD 0.3),
in the normal range. In intention-to-treat analyses, Alive-PD participants achieved significantly greater reductions than controls
in fasting glucose (mean –7.36 mg/dL, 95% CI –7.85 to –6.87 vs mean –2.19, 95% CI –2.64 to –1.73, P<.001), HbA1c (mean
–0.26%, 95% CI –0.27 to –0.24 vs mean –0.18%, 95% CI –0.19 to –0.16, P<.001), and body weight (mean –3.26 kg, 95% CI
–3.26 to –3.25 vs mean –1.26 kg, 95% CI –1.27 to –1.26, P<.001). Reductions in BMI, waist circumference, and TG/HDL were
also significantly greater in Alive-PD participants than in the control group. At 6 months, the Alive-PD group reduced their
Framingham 8-year diabetes risk from 16% to 11%, significantly more than the control group (P<.001). Participation and retention
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was good; intervention participants interacted with the program a median of 17 (IQR 14) of 24 weeks and 71.1% (116/163) were
still interacting with the program in month 6.

Conclusions: Alive-PD improved glycemic control, body weight, BMI, waist circumference, TG/HDL ratio, and diabetes risk.
As a fully automated system, the program has high potential for scalability and could potentially reach many of the 86 million
US adults who have prediabetes as well as other at-risk groups.

Trial Registration: Clinicaltrials.gov NCT01479062; https://clinicaltrials.gov/ct2/show/NCT01479062 (Archived by WebCite
at http://www.webcitation.org/6bt4V20NR)

(J Med Internet Res 2015;17(10):e240)   doi:10.2196/jmir.4897

KEYWORDS

type 2 diabetes; prevention; intervention studies; prediabetes; behavior change; obesity; physical activity; nutrition; Internet;
smartphone; weight loss

Introduction

In the United States, 86 million adults have prediabetes [1], a
condition characterized by elevated blood glucose that is not
yet high enough to be diagnosed as diabetes. Chronic elevated
blood glucose levels tend to increase over time and it is
estimated that as many as 70% of those with prediabetes will
eventually progress to type 2 diabetes [2]. The economic burden
of the combined costs of diabetes and prediabetes exceeded US
$322 billion in 2012 and accounted for 1 in 10 US health care
dollars. In an editorial, Cefalu et al [3] noted that “increased
prevalence, not increased cost per patient, is the driving force
behind the increased economic burden of diabetes” [4]. Unless
changes are made to prevent progression to type 2 diabetes,
costs relating to diabetes management and care will continue
to rise at alarming rates. It is critical to develop affordable and
effective interventions that can reach more of the 86 million
people with prediabetes with programs to improve glycemic
control.

Lifestyle modification has been shown to reduce risk of
progression to diabetes by as much as 40% to 70% [2]. The
Diabetes Prevention Program (DPP) achieved a 58% reduction
in the incidence of diabetes through increased physical activity,
dietary changes, and weight loss [5]. The DPP involved intensive
counseling and multiple in-person and group meetings in a
research context. Since then, numerous translations of the DPP
have been developed that attempt to provide approaches that
can be widely applied.

Some adaptations of the DPP for real-world settings deliver the
interventions through group meetings and in-person contact,
such as those delivered in communities and YMCAs [6-8]. Ali
et al [9] found a mean 4.3% body weight loss in programs
delivered by medical professionals and 3.2% weight loss for
those delivered by community members. Although in-person
and group-based interventions are important and effective
resources, barriers to widespread adoption of such programs
include lack of professional staff, institutional resources,
substantial costs, and the requirement that participants attend a
series of in-person meetings, which together substantially limit
their scalability and reach [10,11].

A number of interventions have combined some form of human
coaching with the use of technology, at least by phone or email,
thus enabling them to achieve wider reach. In a meta-analysis

of programs modeled on the DPP, Ali et al [9] found that among
electronic media-assisted programs, there was a statistically
significant mean weight loss of 4% body weight. A review by
Levine et al [12] of technology-assisted weight loss interventions
in primary care found a mean weight loss in the intervention
group of -2.7 kg among technology-assisted weight loss
interventions that included some human coaching. Human
feedback and coaching can provide value and effectiveness—and
indeed is needed by some participants. However, it does result
in higher costs that once again limit the number of persons with
prediabetes that can be reached.

Fully automated behavioral intervention systems, those without
any human coaching or facilitation, may hold substantial
promise in overcoming barriers to widespread reach and
adoption in a resource-limited health care environment if they
can be shown to be effective. Several such programs have been
found to be effective for weight loss [13,14], but there is very
little information on the impact of such programs on glycemic
markers critical for diabetes prevention. The Alive-PD
intervention (Turnaround Health, a Division of NutritionQuest,
Berkeley, CA, USA) provides such a fully automated, tailored,
online behavior change program. Alive-PD is focused on
reducing diabetes risk by reducing the biomarkers that constitute
the criteria for diabetes, glycated hemoglobin A1c (HbA1c) and
fasting glucose, in persons at risk of developing diabetes. The
purpose of this analysis is to examine the effects of this
automated program on those glycemic biomarkers and weight
loss in a randomized controlled trial.

Methods

The Alive-PD study was a randomized, wait-list controlled
(usual care) trial among patients with clinical evidence of
prediabetes. The primary outcome measures were changes in
HbA1c and fasting glucose at 6-month follow-up from baseline.
Secondary outcomes were changes in body weight, body mass
index (BMI), waist circumference, triglyceride (TG) to
high-density lipoprotein cholesterol (HDL-C) ratio (a proxy
measure for insulin resistance [15]), and metabolic syndrome.
Metabolic syndrome was defined as 3 or more of 5 components
(ie, abdominal obesity, elevated blood pressure, elevated TG,
low HDL, and dysglycemia) specified by the American Heart
Association and the National Heart, Lung, and Blood Institute
[16]. The Framingham 8-year diabetes risk score was calculated
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[17]. Sample size was determined by using the estimated
standard deviation of change in HbA1c from an intervention
study on patients with diabetes [18]. With a standard deviation
of 1.4 and alpha of .05, we estimated that a final sample of 268
participants would provide 80% power to detect a minimum
detectable difference in change in HbA1c of 0.48%. The goal
for enrollment was 314 persons to achieve a sample size of 268
after 15% estimated attrition. The trial design and methods are
described in detail elsewhere [19] and are summarized here (see
Multimedia Appendix 1 for CONSORT flow diagram).

Participant Recruitment and Eligibility Criteria
Potential participants whose recent fasting glucose and/or HbA1c

were within the prediabetes range were initially identified
through an electronic health record query of patients in an
ambulatory care health care delivery system, the Palo Alto
Medical Foundation (PAMF). The PAMF is a community-based
multispecialty group practice in Northern California. Patients
meeting these criteria were recruited via letter and underwent
telephone screening for eligibility. Those meeting preliminary
criteria were invited to attend a clinic visit to confirm eligibility,
which also provided the baseline data for those confirmed
eligible. At that visit, fasting glucose and lipids were measured
by point-of-care whole blood testing using the Alere Cholestech
LDX Analyzer. Similarly, HbA1c was measured using the
Siemens DCA Vantage Analyzer. Biometric measurements,
including height, body weight, waist circumference, and blood

pressure were also obtained. BMI (kg/m2) was calculated from
height and body weight.

Individuals were eligible if they were aged between 30 and 69

years with a BMI of at least 27 kg/m2 (BMI >25 kg/m2 for Asian
participants) [20], spoke English, were not taking diabetes
medications, had access to email and Internet, and had either
fasting glucose or HbA1c in the prediabetes range (glucose:
5.55-6.94 mmol/L or 100-125 mg/dL; HbA1c: 39-46 mmol/mol
or 5.7%-6.4%). If one measure reached the diabetic range and
the other was prediabetic, the patient’s primary care physician
decided whether the patient had prediabetes and was eligible
for the study. Additional exclusion criteria are described
elsewhere [19]. The study was approved by independent
Institutional Review Boards of Turnaround Health and PAMF.

After participants provided signed informed consent, they were
given brief (5-10 minutes) instruction that they were at risk for
developing diabetes and that increased physical activity and
changes in their dietary behaviors could help prevent progression
to diabetes. PAMF research staff assisted participants in signing
into an account for the Alive-PD Web-based program, where
participants provided their email address and password to the
system. All subsequent communications with participants came
from the electronic Alive-PD program and interactions with the
Alive-PD program took place outside of the clinic.

Randomization
After leaving the study site, enrolled participants completed a
brief questionnaire online, which provided information required
for randomization. Randomization was conducted automatically,
by computer algorithm, with stratification by sex, race/ethnicity

(non-Hispanic white/other), and BMI (<35 kg/m2/≥35 kg/m2),
to achieve balance on those factors. Participants were
randomized to start the intervention immediately (intervention
group) or after 6 months’ delay (control group/wait-listed usual
care group). Participants were notified of treatment group
assignment by automated email from the Alive-PD system. The
research and clinical staff at PAMF was masked to group
assignment. Participants in the control group received no further
contact from the online Alive-PD system except reminders to
complete a 3-month and 6-month online follow-up
questionnaire. Because participants had consented only to a
6-month delay before they could start the intervention, only the
3-month and 6-month results constitute the randomized trial
portion of the study.

The Alive-PD Intervention
The program has been described in detail elsewhere [19].
Briefly, Alive-PD provides a 1-year program of regular contact
and goal setting, weekly in the first 6 months and biweekly
thereafter, plus midweek automated email and mobile phone
reminders. The program includes individually tailored weekly
goal setting and other activities delivered via Web and email
supplemented by automated interactive voice response (IVR)
phone calls and a supportive mobile phone app. Alive-PD was
developed with input from, and was reviewed by, diabetes
educators, endocrinologists, registered dietitians, and
psychological experts in health behavior change. All features
and contacts are completely automated and algorithm-driven,
with no personal contact or coaching either in-person or
remotely. See Figure 1 and Multimedia Appendix 2 for
screenshots and other information.

The goal of the Alive-PD program is to improve glycemic
control and reduce diabetes risk through lasting changes in
physical activity and eating habits. Weight loss is encouraged
and tracked as one of the changes that can reduce diabetes risk,
although it is not the primary emphasis. For physical activity,
participants set long-term goals of 150 to 300 minutes of aerobic
activity per week depending on reported levels at baseline and
on subsequent program participation. Resistance training is
encouraged as well. For eating behaviors, the focus is on
decreasing added sugars and refined carbohydrates, decreasing
saturated and trans fats, and increasing fruit and vegetables.
Changes in food type and reduction in portion size is emphasized
as a means of reducing energy intake rather than specific calorie
targets or counting. Psychosocial issues important in behavior
change are addressed, including managing stress and sleep,
staying motivated, addressing negative thoughts, modifying
one’s environment to support desired changes, and other topics
addressed in the DPP curriculum [21].

These objectives are achieved through a system of weekly
individually tailored goal setting. Based on a detailed initial
questionnaire on current dietary and activity habits, and on the
participant’s subsequent interactions, the program recommends
multiple weekly personally relevant small-step goals.
Participants work on both increased physical activity and
improved dietary habits each week, as well as occasional
psychosocial goals. In addition to weekly personally tailored
goals, the system provides tools for tracking weight, eating, and
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physical activity; weekly health information on diabetes and
strategies for preventing it; quizzes; social support through
virtual teams and a participant messaging system; feedback on
reported diet and activity and on success or failure of goal
achievement; weekly reminders; and other features. Engagement

is promoted through a points system with modest monetary
rewards and team competition. During the first 6 months,
participants are reminded automatically if they have not chosen
a goal for 2 weeks using data from the online system.

Figure 1. Screenshot of Alive-PD personal home page.

An email initiates the choice of weekly goals, provides a link
to the participant’s Web page, and is followed up by a midweek
reminder. An Android and iPhone app also permits the
participant to select weekly goals, report on progress, and set
mobile phone reminders. Automated motivational phone
coaching is provided biweekly through IVR technology with
interactions tailored to each individual’s participation status,
barriers, and primary motivations.

These strategies and features are based on established principles
derived from several bodies of behavior change research. The

basic objective, derived from learning theory and other habit
formation research [22-24], is to have participants gradually
incorporate new eating and physical activity behaviors into their
daily lives until these behaviors are both habitual and substantial
enough to reduce diabetes risk. To accomplish that objective,
a variety of strategies are employed to sustain involvement with
the program itself and, more importantly, to sustain the gradual
incorporation of new healthier behaviors. The strategies are
consistent with several bodies of research, including models
centering on cues and triggers [25,26], social cognitive theory
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[27,28], the theory of planned behavior [29], behavioral
economics [26,30], and positive psychology [31,32]. For a more
detailed description of the program, refer to the published
protocol and program description [19].

Subsequent Clinic Visits
Participants in the intervention and control groups returned for
clinic visits at 3 and 6 months, at which time the laboratory and
biometric measurements described previously were repeated
by trained staff unaware of treatment assignment. Active
monitoring of adverse events was achieved by asking
participants about sickness or injury at each clinic visit. At the
6-month visit, additional funding made it possible to invite
participants to continue the program for another 6 months,
although the randomized trial segment ended at 6 months. Those
in the intervention group continued in that arm. Those in the
control group were transferred to the active Alive-PD
intervention program per the original consent. Participants who
consented to the extension were seen at additional clinic visits
at 9 and 12 months.

Statistical Methods
Intention-to-treat (ITT) analyses of change in HbA1c, fasting
glucose, and weight were prespecified. Baseline characteristics
were compared by chi-square tests for categorical variables and
t tests for continuous variables. Mean between-group treatment
differences in outcomes were evaluated by ITT analysis using
linear regression approaches. In all models, change in the
outcome of interest (eg, HbA1c) was the dependent variable
with treatment group the main predictor (independent) variable
and baseline value of the outcome variable as a covariate.
Missing values in the dependent variable were imputed using
the approach of Heckman et al [33,34], in which variables need
not be assumed to be missing at random (MAR). This approach
corrects for the bias in estimates of change that may arise from
participants failing to complete the follow-up clinic visits. We
examined potential interactions with treatment group by
variables that were expected a priori to be potential effect
modifiers (sex, race/ethnicity, age, and BMI category) by
inclusion of a cross-product term in the model. No significant
interactions were found. Adjustment for age, sex, BMI, and
race/ethnicity did not materially alter the results. Dichotomous
outcomes (eg, achievement of 5% weight loss) were evaluated
by chi-square tests after confirming the absence of interactions
using logistic regression. For comparability with other studies,

we also conducted subgroup analyses on participants who were
prediabetic by HbA1c at baseline.

Results

Participant Randomization and Retention
A total of 340 participants met study eligibility criteria and were
randomized. One participant randomized to the intervention
group developed a metabolic condition rendering glycemic
markers uninterpretable and was excluded from analysis, leaving
339 randomized participants.

Study retention and participation in biometric assessment visits
was high; 89.1% (302/339) completed the 3-month follow-up
assessment and 86.1% (292/339) completed the 6-month
follow-up assessment. Of the 47 study participants that did not
complete the 6-month follow-up (20 control, 27 intervention),
9 were lost to follow-up and 38 withdrew from the study.
Reported adverse events were minor and all were considered
to be unrelated to study participation. There were no significant
differences in adverse events between treatment groups at either
the 3-month or the 6-month visit (data not shown). One
participant in the control group was diagnosed with diabetes
and withdrew from the study; this participant did not provide
follow-up measurements, but was included in the ITT analysis.
No participants were prescribed metformin or other diabetes
medications during the study.

Baseline Characteristics
Participants were a mean age of 55 (SD 8.9, range 31-70) years

with a mean BMI of 31.1 (SD 4.4) kg/m2 (Table 1). The majority
(68.7%, 233/339) were male. Mean fasting glucose was at the
low end of the prediabetic range (mean 6.1, SD 0.5 mmol/L or
mean 109.9, SD 8.4 mg/dL) and mean HbA1c was in the normal
range (mean 5.6%, SD 0.3 or mean 38, SD 3.2 mmol/mol]).
Metabolic syndrome was present in 68.1% (231/339) of
participants. The study cohort was well educated; 82.9%
(281/339) had a college degree or higher. The Framingham
8-year diabetes risk was 16.6% at baseline in both groups. The
intervention and control groups were well balanced on baseline
characteristics, although there was some imbalance for
race/ethnicity, but it did not reach statistical significance
(P=.07). This imbalance was due largely to a difference in
Hispanic ethnicity (8.0%, 14/176 vs 4.3%, 7/163; P=.04). Due
to this imbalance, race/ethnicity was examined for confounding
and effect modification in all models.
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Table 1. Baseline demographics and clinical characteristics.

P a
Intervention

n=163

Control

n=176

All

N=339Variable

.8855.0 (8.8)54.9 (9.1)55.0 (8.9)Age (years), mean (SD)

.8152 (31.9)54 (30.7)106 (31.3)Female, n (%)

.59137 (84.1)144 (81.8)281 (82.9)College or above, n (%)

.07Race/ethnicity, n (%) b

109 (66.9)120 (68.2)229 (67.6)White

7 (4.3)14 (8.0)21 (6.2)Hispanic

41 (25.2)29 (16.5)70 (20.6)Asian

6 (3.7)13 (7.4)19 (5.6)Other

.80110 (67.5)121 (68.8)231 (68.1)Metabolic syndrome, n (%)

.6893.7 (14.9)93.3 (16.6)92.9 (15.8)Weight (kg), mean (SD)

.7331.1 (4.5)31.2 (4.3)31.2 (4.4)BMI (kg/m2), mean (SD)

.62102.5 (10.4)103.1 (11.2)102.8 (10.8)Waist circumference (cm), mean (SD)

.576.11 (0.5)6.08 (0.5)6.10 (0.5)Glucose (mmol/L), mean (SD)

.57110.1 (8.6)109.6 (8.3)109.9 (8.4)Glucose (mg/dL), mean (SD)

.905.6 (0.3)5.6 (0.3)5.6 (0.3)HbA1c(%), mean (SD)

.9038.1 (3.3)38.2 (3.1)38.2 (3.2)HbA1c (mmol/mol), mean (SD)

.824.9 (0.8)5.0 (0.9)5.0 (0.8)Total cholesterol (mmol/L), mean (SD)

.733.0 (0.7)3.0 (0.7)3.0 (0.7)LDL cholesterol (mmol/L), mean (SD)

.341.2 (0.4)1.2 (0.3)1.2 (0.4)HDL cholesterol (mmol/L), mean (SD)

.541.6 (0.9)1.7 (0.8)1.6 (0.8)Triglycerides (mmol/L), mean (SD)

.413.4 (2.5)3.6 (2.5)3.5 (2.5)TG/HDL ratio, mean (SD)

Blood pressure (mm Hg), mean (SD)

.95130.5 (15.0)130.4 (14.5)130.4 (14.7)Systolic

.5182.0 (8.1)82.6 (8.7)82.3 (8.4)Diastolic

.9916.63 (10.58)16.64 (10.78)16.63 (10.67)Framingham 8-year diabetes risk (%), mean (SD)

a Significance of difference between intervention and control.
b Race and ethnicity as reported on online questionnaire. Native American/Alaskan, Native Hawaiian/Pacific Islander, more than one race, or “not
reported” reported as “other.”

Primary Outcomes
Significant decreases in HbA1c and fasting glucose were
observed in the intervention group by 3 months from baseline
and declined further at 6 months (Figure 2).

In ITT analyses, which included all 339 participants, mean
reductions in fasting glucose at 6 months from baseline were

significantly greater in the intervention group (mean –0.41
mmol/L, 95% CI –0.44 to –0.12) than in the control group (mean
–0.21 mmol/L, 95% CI –0.15 to –0.10; P<.001) (Table 2). Mean
reductions in HbA1c were also significantly greater in the
intervention versus the control group (mean –0.26%, 95% CI
–0.27 to –0.24 vs mean –0.18%, 95% CI –0.19 to –0.16;
P<.001). No effect modification by race/ethnicity, age, sex, or
BMI category was observed.
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Figure 2. Changes in primary and secondary endpoints over time. Solid line: control; dashed line: intervention; error bars: ± standard error. A: Change
in HbA1c. B: Change in fasting glucose. C: Change in waist circumference. D: Change in weight. At 6 months, all measures were significantly different
between control and intervention groups (P<.001).

Although all participants had prediabetes at baseline by either
HbA1c or fasting glucose, only 44.8% (152/339) had prediabetes
based on HbA1c. In a subgroup analysis among those with
prediabetes at baseline by HbA1c (Table 2), the mean reduction

in HbA1c was greater than in the intervention group as a whole
(mean –0.32%, 95% CI –0.38 to –0.26) and was significantly
greater relative to the control group (mean –0.20%, 95% CI
–0.25 to –0.15; P=.002).

Table 2. Change in clinical outcomes by treatment group.

Prediabetic by HbA1c,c change (95% CI)b
Intention-to-treat,a change (95% CI)bVariable

PControl

n=69

Alive-PD

n=60

PControl

n=176

Alive-PD

n=163

<.001–1.23 (–3.12, 0.65)–7.38 (–9.40, –5.36)<.001–2.19 (–2.64, –1.73)–7.36 (–7.85, –6.87)Fasting glucose
(mg/dL)

<.001–0.07 (–0.17, 0.04)–0.41 (–0.52, –0.30)<.001–0.12 (–0.15, –0.10)–0.41 (–0.44, –0.38)Fasting glucose
(mmol/L)

.002–0.20 (–0.25, –0.15)–0.32 (–0.38, –0.27)<.001–0.18 (–0.19, –0.16)–0.26 (–0.27, –0.24)HbA1c (%)

.002–2.15 (–2.71, –1.59)–3.50 (–4.10, –2.90)<.001–1.93 (–2.06, –1.79)–2.81 (–2.95, –2.66)HbA1c

(mmol/mol)

<.001–0.48 (–1.28, 0.32)–3.56 (–4.42, –2.70)<.001–1.26 (–1.27, –1.26)–3.26 (–3.26, –3.25)Weight (kg)

<.001–0.53 (–1.40, 0.34)–4.00 (–4.94, –3.07)<.001–1.32 (–1.36, –1.28)–3.60 (–3.63, –3.57)Weight loss (%)

<.001–0.17 (–0.43, 0.10)–1.19 (–1.47, –0.90)<.001–0.39 (–0.39, –0.38)–1.05 (–1.06, –1.05)BMI (kg/m2)

<.001–2.73 (–4.37, –1.10)–7.23 (–8.99, –5.47)<.001–2.22 (–2.36, –2.09)–4.56 (–4.69, –4.43)Waist (cm)

.060.12 (–0.27, 0.51)–0.43 (–0.85, –0.02).040.21 (0.12,0.29)–0.21 (–0.30, –0.12)TG/HDL ratio

a Imputation of missing dependent variables using Heckman/QLIM.
b 95% confidence limits from least squares means from models of following form: change=baseline + treatment group.
c Participants prediabetic by HbA1c at baseline and providing complete data.

Secondary Outcomes
In the ITT analysis, reduction in weight, BMI, waist
circumference, and TG/HDL ratio were all significantly greater
in the intervention group than the control group (Table 2). The
intervention group lost a mean 3.26 kg (95% CI –3.26 to –3.25)
compared to 1.26 kg (95% CI –1.27 to –1.26) in the control

group (P<.001). Mean BMI was reduced by 1.05 kg/m2 (95%

CI –1.06 to –1.05) and 0.39 kg/m2 (95% CI –0.39 to –0.38) in
the intervention and control groups, respectively (P<.001). The
mean reduction in waist circumference in the intervention group
was 4.56 cm (95% CI –4.69 to –4.43) compared to 2.22 cm
(95% CI –2.36 to –2.09) in the control group (P<.001). In
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addition, the ratio of TG/HDL was significantly reduced in the
intervention group in contrast to the increase seen in the control
group (mean –0.21, 95% CI –0.30 to –0.12 vs mean 0.21, 95%
CI 0.12-0.29; P=.04).

The proportion of participants, by treatment group, meeting
specific thresholds are shown in Figure 3. At 6 months, 35.3%
(48/136) of the intervention group had achieved at least a 5%
weight loss compared to 8.3% (13/156) of controls (Figure 3A).
Among those who were prediabetic by fasting glucose at
baseline, 40.5% (49/121) of intervention participants had
achieved a normal fasting glucose compared to 17.7% (26/147)
of controls (Figure 3B). Among participants who had metabolic
syndrome at baseline, 46.5% (40/86) of those in the intervention

group no longer had metabolic syndrome at 6 months compared
with 20.0% (22/110) of controls (Figure 3C). BMI was reduced

by at least 1 kg/m2 in 44.9% (61/136) of intervention participants
compared with 18.6% (29/156) of control participants (Figure
3D). All these differences between the intervention and control
groups were significant at P<.001.

There was a significantly greater reduction in Framingham
8-year diabetes risk in the intervention versus the control group
(P<.001) in the ITT sample (Figure 4). In both groups, the
baseline diabetes risk was 16%. At 6 months, it was 11.00%
(95% CI 10.08-11.92) in the intervention group and 14.59%
(95% CI 13.64-15.54) in the control group.

Figure 3. Proportion achieving secondary endpoint thresholds at 6 months. Error bars not shown because all differences between control and intervention
were P<.001. A: Percentage with ≥5% weight loss (complete data: n=156 control, n=136 intervention). B: Percentage who moved to normal fasting
glucose (from ≥100 mg/dL to <100 mg/dL) (denominator: n=150 control, n=126 intervention). C: Percentage who moved from having metabolic

syndrome to not having metabolic syndrome (denominator: n=110 control, n=86 intervention). D: Percentage whose BMI decreased by 1 kg/m2

(denominator: n=156 control, n=136 intervention).

Figure 4. Change in Framingham 8-year diabetes risk.
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Case Report on Participants in the Diabetic Range by
Fasting Glucose
Alive-PD was designed to assist persons with prediabetes.
However, lifestyle behavior change is also an essential
intervention for persons who are newly diagnosed with diabetes.
Thus, information about results in the 8 participants in our
sample who had a fasting glucose in the diabetes range at
baseline is of interest (they were all cleared by their physicians
for participation in the study). Of the 5 in the intervention group,
one had a decrease in fasting glucose to the normal range (<100
mg/dL) and the other 4 had a decrease in fasting glucose to the
prediabetic range (<126 mg/dL) after the 6-month intervention
period. None of the 3 participants in the control group had
decreases in glucose outside of the diabetic range.

Process Measures and Other Behaviors
We assessed program participation by evaluating the points
each participant earned through interacting with the program
components each week and by assessing the participants’weekly
goal setting behaviors. Participation in the online Alive-PD
program features was high. Intervention participants (ITT
population, n=163) set behavioral goals or otherwise interacted
with the online Alive-PD program in a median of 17 (IQR 14)
of the 24 weeks (70.8% of the weeks). In all, 87.1% (142/163)
interacted with the program in 4 or more of the 24 weeks and
70.6% (115/163) were still interacting with the program in the
last month of the 6-month period. Participants accomplished a
median of 35 goals (IQR 107) in the 24-week period or
approximately 1.5 goals per week. Intervention participants
reported that they spent approximately 15 minutes interacting
with the program in a typical week.

The intervention group experienced significant improvements
in self-reported physical activity, dietary habits, sleep, fatigue,
and self-confidence relative to the control group (P<.001) (data
not shown). A more detailed analysis of changes in physical
activity, diet, self-confidence, and other psychosocial factors
will be reported elsewhere.

Discussion

In this randomized controlled trial, the fully automated Alive-PD
program was effective in improving glycemic control and body
weight, and in reducing 8-year diabetes risk. In ITT analyses,
the intervention group achieved reductions in fasting glucose
of –41 mmol/L (–7.36 mg/dL) and in HbA1c of –0.26% (–3
mmol/mol), both statistically significantly superior to changes
in the control group. In addition, intervention group participants
lost a mean 3.26 kg over 6 months, in ITT analyses, and 35%
of the intervention group lost 5% or more of initial body weight,
both significantly superior to the control group.

Previous Research on Weight Loss in Diabetes
Prevention or Weight Loss Programs
Numerous reviews of weight loss or translational diabetes
prevention programs have been conducted [9,12,35-42] covering
a range of delivery methods. Interventions using in-person or
group approaches have achieved average weight losses of
approximately 3% to 4% in reviews and meta-analyses [9,37],

although some individual studies have reached weight losses
of more than 6% in the intervention group [6,43].

For wider reach, however, many interventions have combined
coaches with some form of technology. In a 2015 review of 16
studies of technology-assisted programs for weight loss in
primary care, Levine et al [12] found a median weight loss of
-2.7 kg in intervention groups of 12 programs that combined
human with technological methods. Ali et al [9] found a mean
loss of 4.2% of body weight in electronic media-assisted
programs.

Interventions delivered entirely by electronic media, primarily
for weight loss, have also been reviewed. Hartmann-Boyce et
al [13] conducted a meta-analysis of 23 randomized trials of
“self-help interventions” for weight loss in overweight or obese
adults. Programs were not eligible for inclusion if they used
any form of person-to-person assistance by counselors or health
professionals. The analysis found a mean difference between
intervention and comparison groups of -1.85 kg (95% CI -2.86
to -0.83) at 6 months. Three programs using eHealth
technologies that were not included in the Hartmann-Boyce
review were found by Hutchesson et al [14] to have a mean
difference of -1.5 kg. Three other fully automated studies from
the Levine review [12] found a mean weight loss in the
intervention group of 2.5 kg. One recent trial not included in
previous reviews [44] was fully automated with the exception
of a 60-minute baseline visit at which participants were given
weight loss, calorie and physical activity goals, and taught
behavioral skills. A weight loss of 5.4 kg was observed at 6
months.

The effect of Internet-based interventions on change in waist
circumference has also been examined in a meta-analysis. Seo
and Niu [45] found a mean change of -2.99 cm (95% CI −3.68
to −2.30).

Previous Research on the Effect of Fully Automated
Programs on Glycemic Markers
With few exceptions, most studies of diabetes prevention or
weight loss interventions using fully automated programs have
not measured or reported on changes in glycemic markers. One
review found “minimal” changes in glycemic markers across
the reviewed studies, with a median change in fasting glucose
of -0.2 mmol/L [37] and another found a mean change of -0.1
mmol/L [38]. For HbA1c, Dunkley et al [38] found pooled
changes of -0.13% and Johnson et al [37] found a median change
of -0.05%.

The treatment effects for Turnaround Health’s Alive-PD
program are consistent with and, in most cases, somewhat larger
than the results summarized in the preceding meta-analyses.
This is true for weight loss (–3.26 kg), percent weight loss
(–3.60%), waist circumference (–4.56 cm), and the glycemic
markers HbA1c (–0.26%) and fasting glucose (–0.41 mmol/L),
all in ITT analyses.

The Diabetes Prevention Recognition Program
The Centers for Disease Control and Prevention (CDC) Diabetes
Prevention Recognition Program (DPRP) is intended to
recognize organizations that have demonstrated their ability to
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deliver a proven type 2 diabetes prevention lifestyle intervention
[46]. The CDC recently updated the requirements for recognition
to include programs delivered “virtually” provided they meet
other criteria. Turnaround Health’s Alive-PD program is listed
on the CDC website [47]. As of August 1, 2015, it is the only
such program with evidence of effectiveness from a randomized
controlled trial and the only study with ITT analysis.

Features Promoting Effectiveness
A number of authors have attempted to identify or summarize
what features of a behavioral intervention may be associated
with its effectiveness [40,42,48]. The following have all been
identified as contributors to effectiveness: goal setting,
self-monitoring, tailoring and tailored feedback, reminders,
social support, and a structured program employing behavior
change principles. Khaylis et al [48] also listed feedback by a
counselor as an important feature, but noted that
computer-automated email feedback has been as effective as
human email counseling in at least one study. With the exception
of human counseling, all these features are incorporated into
the Alive-PD program. In addition, Alive-PD added some
gamification features, such as a points system, team competition,
and monetary rewards, to enhance engagement and retention.

Research is underway to explore which features of Alive-PD
may be more important or beneficial. Although all participants
were exposed to all these components (goal setting, messaging,
etc), different participants engaged in them to different extents.
For example, 38.7% (63/163) never logged their weight or
physical activity, whereas 12.3% (20/163) logged their weight
or activity in 21 or more of the 24 weeks. Mediation analyses
are underway. However, it is worth noting that participants are
individuals with varying interests and motivations. Some people
appreciate being on a team whereas others dislike it and the
same can be said of other components. Alive-PD was
intentionally designed to provide an array of components to
engage the widest range of different interests, learning styles,
and available time.

In addition to the potential role of features of an intervention,
it is also of considerable interest to explore what behaviors and
specific changes contributed to the study outcomes. Recent
literature has discussed the relative roles of types of
macronutrients (fats vs carbohydrates), physical activity, and
weight loss [49-51]. The Alive-PD program promoted, and
achieved, increases in physical activity, reductions in refined
carbohydrates, reductions in saturated and trans fats, and
increases in fruits and vegetables. Changes in specific foods
were also encouraged, such as nuts, legumes, and olive oil.
Participants in the intervention group undertook these changes
to varying degrees. In future analyses, we will examine the
effect of these variations on changes in glycemic markers and
weight. For example, there was a significant reduction in HbA1c,
even among those who did not achieve 5% weight loss. We
plan to explore factors that contributed to glycemic
improvements in the absence of major weight loss.

Limitations
The fully automated nature of the Alive-PD program is both a
strength and a limitation. Some people need and respond better

to human interaction and support, and effect sizes might be
greater if combined with human support. In addition, because
the intervention is delivered by email, Internet, and mobile
phone, it may have limited reach for those who do not have
Internet access or who are not technologically proficient.
Although its reach is somewhat limited in that respect, 87% of
American adults used the Internet as of 2014, including more
than 80% of African Americans and Hispanics [52]. These
technologies are nearly ubiquitous in society and allow for
convenient program access at home or through mobile devices.
At the same time, the fully automated characteristic of the
program is beneficial for several reasons. There is a guarantee
of 100% fidelity to the design and content in future
administrations and enhancements can be readily incorporated.
Because it is fully automated, this commercial program can be
delivered at low cost and with wide reach. Additionally,
organizations using it would require no or minimal staff.

Although the Alive-PD program provides a 1-year intervention,
the randomized trial analysis was for only a 6-month period.
This was due to initial funding limitations and the desire to
enhance enrollment of these persons at high risk of developing
diabetes by assuring them that they would be given access to
the active program in a reasonable period of time. It will be
important to follow study participants for a full year to determine
whether the trends seen in Figure 2 are maintained.

Study participants were relatively well educated and two-thirds
were non-Hispanic white. Thus, the generalizability to less
educated individuals and those of race/ethnic minority groups
remains to be investigated. However, it is notable that the
subgroup with postgraduate or professional degrees achieved
less improvement in glycemic markers than those with lower
educational levels (data not shown.) The sample did include a
substantial number of Asians (21% of the study cohort)
including South Asians, a group for which type 2 diabetes is
especially common. Although analyses indicated no significant
differences in treatment effects by ethnicity, more research is
needed to confirm effectiveness in minority groups.

Clinical Relevance
The decrease in fasting glucose in the intervention group (–7.36
mg/dL or –0.41 mmol/L) was clinically meaningful and
substantial. The decrease in HbA1c was modest (–0.26% or
–2.81 mmol/mol in the ITT analysis and –0.32% or –3.5
mmol/mol in those prediabetic by HbA1c), but significantly
greater than in controls. We note that baseline levels of HbA1c

were low in the study cohort. Indeed, mean HbA1c at baseline
was in the normal range and only 45% were prediabetic by the
HbA1c definition. As a result, the magnitude of the average
treatment effect was not as large as might be expected in patients
with higher values in the prediabetic range or in those with
diabetes. Weight loss was 4% of baseline weight among those
prediabetic by HbA1c (Table 2) and increased with increasing
participation in the program and higher baseline weight (data
not shown). As noted, the primary objective was to lower
glycemic markers, a direct measure of reduced diabetes risk,
and this appears to have been achieved despite the relatively
modest weight loss. The Alive-PD group’s decreases in HbA1c
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and fasting glucose were greater than those seen in the Diabetes
Prevention Program [5] Lifestyle group at 6 months (HbA1c:
-0.26% vs -0.09%; fasting glucose: -7.36 mg/dL vs 4.59 mg/dL,
respectively), despite the fact that the Alive-PD group’s weight
loss was not as great as that seen in DPP (3.26 kg vs -6.5 kg)
[5].

More than two-thirds of enrollees were male, a different sex
distribution than is usually seen in health interventions (the DPP
had 68% female participants) [5]. The electronic format may
have had more appeal for men than a series of group or personal
interactions. There was not a significant interaction between
sex and treatment effect, and treatment effects were not

significantly different by sex for HbA1c, fasting glucose, or
weight.

Summary
In summary, Alive-PD was effective in improving markers of
glycemic control and body weight in patients with prediabetes.
As noted by Cefalu et al [4], the driving force behind the
increased economic burden of diabetes is increased prevalence.
Therefore, engaging as many as possible of the nation’s 86
million adults with prediabetes with a variety of cost-effective
interventions is an urgent priority. Effective fully automated
technologies such as Alive-PD represent one of those strategies,
with the potential of serving large numbers of persons at risk
of progression to diabetes.
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Abstract

Background: The doubling of the number of people with dementia in the coming decades coupled with the rapid decline in the
working population in our graying society is expected to result in a large decrease in the number of professionals available to
provide care to people with dementia. As a result, care will be supplied increasingly by untrained informal caregivers and
volunteers. To promote effective care and avoid overburdening of untrained and trained caregivers, they must become properly
skilled. To this end, the European Skills Training and Reskilling (STAR) project, which comprised experts from the domains of
education, technology, and dementia care from 6 countries (the Netherlands, Sweden, Italy, Malta, Romania, and the United
Kingdom), worked together to create and evaluate a multilingual e-learning tool. The STAR training portal provides dementia
care training both for informal and formal caregivers.

Objective: The objective of the current study was to evaluate the user friendliness, usefulness, and impact of STAR with informal
caregivers, volunteers, and professional caregivers.

Methods: For 2 to 4 months, the experimental group had access to the STAR training portal, a Web-based portal consisting of
8 modules, 2 of which had a basic level and 6 additional modules at intermediate and advanced levels. The experimental group
also had access to online peer and expert communities for support and information exchange. The control group received free
access to STAR after the research had ended. The STAR training portal was evaluated in a randomized controlled trial among
informal caregivers and volunteers in addition to professional caregivers (N=142) in the Netherlands and the United Kingdom.
Assessments were performed with self-assessed, online, standardized questionnaires at baseline and after 2 to 4 months. Primary
outcome measures were user friendliness, usefulness, and impact of STAR on knowledge, attitudes, and approaches of caregivers
regarding dementia. Secondary outcome measures were empathy, quality of life, burden, and caregivers’ sense of competence.
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Results: STAR was rated positively by all user groups on both usefulness and user friendliness. Significant effects were found
on a person-centered care approach and on the total score on positive attitudes to dementia; both the experimental and the control
group increased in score. Regarding empathy, significant improvements were found in the STAR training group on distress,
empathic concern, and taking the perspective of the person with dementia. In the experimental group, however, there was a
significant reduction in self-reported sense of competence.

Conclusions: The STAR training portal is a useful and user-friendly e-learning method, which has demonstrated its ability to
provide significant positive effects on caregiver attitudes and empathy.

(J Med Internet Res 2015;17(10):e241)   doi:10.2196/jmir.4025

KEYWORDS

dementia; caregivers; distance-learning; empathy

Introduction

The European Union (EU) is set to face major demographic
challenges in the coming decades. Two main drivers for this
are the (expected) doubling of the number of people with
dementia and a rapid relative decline in the working population.
In the Netherlands, for example, this is expected to change from
a ratio of 1:42 for people with dementia to working people in
2010 to 1:16 in 2050 [1]. As a result, the task of caring for
people with dementia will be provided increasingly by relatives
or friends, the so-called informal caregivers, who provide this
care unpaid and generally with minimal or no professional
assistance. Additionally, many EU countries draft their health
care policies toward an increased use of volunteers in the
provision of care in addition to prolonging community-based
dementia care. Therefore, to sustain and promote effective care
for people with dementia, to avoid overburdening of informal
and professional caregivers, and to prevent premature admission
of people with dementia to long-term care settings, caregivers
need to become properly skilled and feel competent in their care
provision.

In an attempt to address this, e-learning interventions could
prove to be a useful tool to assist informal caregivers, untrained
volunteers, and professionals by offering them relevant
education, training, and support [2,3] at a significantly lower
cost than through face-to-face training or print distribution [4].
Interventions offered through the Internet are likely to have a
lower threshold for participation given that participants can use
these interventions at any time they wish, from their own homes,
and with little effort. This will also help to offer access to people
who would otherwise be put off by long travel times, avoid
costs for visiting regular teaching sessions (eg, people living in
remote areas [5]), or to people who cannot leave their home due
to their caregiving role. Finally, the possibilities of the Internet
allow for effective use of multimedia delivery of information
(eg, graphics, animations, and interactive course material), which
has been reported to enhance learning and make the material
more attractive during the process of engagement [6]. Recent
research has found beneficial effects from Internet-based
interventions. A Cochrane review in 2005 found that “interactive
health communication applications” were effective for
increasing knowledge and may improve outcomes in patients
and caregivers [7]. A typical means for distributing interactive
health communication apps is the Internet. In another review,

it was found that personalized (tailored to the individual)
Internet-based interventions led to improved health in users [8].

Pilot studies offering an Internet-based program of learning for
dementia caregivers found that the caregivers who evaluated it
reported it as useful, educational, and convenient [9] and found
positive results relating to knowledge, attitudes, self-efficacy,
and empathy [10]. Among professional caregivers, e-learning
was also found to be enjoyable and was reported to help acquire
new skills for collaboration among professionals [11]. E-learning
was also found to help staff in nursing homes to gain specific
skills, such as delirium screening [12]. A review of the
state-of-the-art of online course provision for providing care
for people with dementia in 2011 for 4 European countries
(Netherlands, the United Kingdom, Malta, and Romania)
showed that 14% of the dementia courses were offered online
in the Netherlands, 17% in the United Kingdom, and in both
Malta and Romania there were no online courses relating to
care provision for persons with dementia [13]. These findings
formed the basis for the development and evaluation of a
multilingual online learning platform for all types of dementia
caregivers, within the EU Skills Training and Reskilling (STAR)
project [14].

The European STAR project (2010-2014), funded by the
European Commission in the Leonardo da Vinci Life Long
Learning Programme, aimed to improve the knowledge about
dementia for informal caregivers, volunteers, and professionals
in dementia care by developing and evaluating an online training
program in different languages and at different difficulty levels.
The course content was developed from 3 theoretical
perspectives: (1) the medical model of dementia, including
information on types of dementia, symptoms, and diagnostics
based on the Diagnostic and Statistical Manual of Mental
Disorders (Fourth Edition, Text Revision) [15]; (2) the
perspective of functional consequences in daily life based on
the International Classification of Functioning, Disability and
Health model from the World Health Organization [16] and
how to compensate for disabilities; and (3) the perspective of
dealing with the psychosocial consequences for the person with
dementia and his family as described by the adaption-coping
model of Dröes et al [17]. The content was composed by
internationally recognized dementia experts. The platform aims
to provide opportunities for collaboration, discussion, and
sharing experiences between users across the EU. The main
focus was to provide relevant content that was easy to find.
Additionally, STAR aimed to promote accessibility to
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specialized knowledge by experts in the field and to offer an
online community of caregivers and other stakeholders.

To this end, the STAR training portal was designed and
developed (Figure 1) to offer the following functionalities:

1. A collection of 8 modules on different topics in dementia
care: 2 at a basic level and 6 at an intermediate and
advanced level (Figures 2 and 3);

2. A Learning Path Advisor through an online tool integrated
in STAR that assesses baseline knowledge and confidence
to help people decide at which point to start the course; and

3. Facebook and LinkedIn communities to promote peer
support and provide opportunities to contact other dementia
care professionals.

The developed course is currently available for a nominal fee.
It is fully available in English and Dutch with translation into

Swedish, Italian, and Romanian underway at the time of writing
this paper.

After development and testing of the training portal and
e-learning course material during the first phase of the STAR
project, the STAR training portal was evaluated in a randomized
controlled trial (RCT) in the Netherlands and the United
Kingdom from May 2013 to March 2014. The primary aim of
this evaluation was to assess STAR’s usefulness, user
friendliness, and impact on knowledge. Because the themes of
the course, in addition to factual knowledge on the dementia
syndrome, focus greatly on dealing with dementia and
understanding dementia (eg, themes such as “adaptation and
coping,” “positive and empathic communication,” and
“emotional impact and looking after yourself as a caregiver”),
the impact on empathy, attitudes, and sense of competence were
studied as well. The aim of this paper is to describe the results
of these different types of user evaluations.

Figure 1. The main project page.
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Figure 2. Overview of modules.

Figure 3. Example of a module (module 1: What is dementia?).

Methods

Design
An RCT design was used to assess the effectiveness of STAR
among Dutch and English users. Participants were randomly
assigned to either a group that could participate directly in the
STAR training or to a group that had to wait for 4 months before
they could register (free of charge) for the STAR training.
Participants followed the course at their own pace; however,
within a specified period of 4 months. Pretest data were gathered
and follow-up data were collected after 2 to 4 months of

finalizing the course in the experimental condition and after the
same period in the waiting list group (control condition).

Setting and Participants
Participants were caring for someone with dementia as an
informal caregiver, a volunteer in dementia care, or a
professional caregiver, and were living in either the Netherlands
or in the United Kingdom. Participants in the Netherlands were
recruited through meeting centers for people with dementia and
their caregivers, regional branches of the national Alzheimer’s
organizations, case managers, care organizations, and via
announcements through several informative websites targeted
at informal caregivers, volunteers, and those with an interest in
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dementia. In the United Kingdom, participants were recruited
through caregivers’ cafes, church groups, university service
users and caregiver groups, and local dementia care and welfare
organizations.

Because STAR was developed both for informal caregivers
(family caregivers and volunteers) as well as professional
caregivers, participants who fulfilled the following criteria were
recruited for the evaluation study: (1) were sufficiently computer
literate to utilize the STAR website and (2) were currently an
informal caregiver for someone with dementia living in the
community, or a volunteer working with people with dementia
with direct contact with community-dwelling people with
dementia, or a professional caregiver for people with dementia
with direct contact with community-dwelling people with
dementia.

The STAR Training Portal
The STAR platform was designed to be accessible through any
Internet-enabled device so users could access the course at any
time and place of their convenience. The STAR training portal
consists of an online course with 8 modules relating to different
topics. These topics were selected to cover a wide range of
topics relating to dementia and dementia care. The modules
consist of text, videos, interactive exercises, knowledge tests,
and also include references to other websites, literature, and
videos.

The themes covered in the modules are as follows:

1. What is dementia?
2. Living with dementia
3. Getting a diagnosis and why it is important
4. Practical difficulties in daily life and how to help by best

practice
5. The emotional impact of dementia: how adaptation and

coping influences behavior and mood
6. Support strategies to help people cope with consequences

of dementia
7. Positive and empathic communication
8. Emotional impact and looking after yourself

By answering questions from an interactive “learning advisor,”
participants are provided with advice relating to which module
and level to start with so they may follow what may be
considered a personalized learning path through the modules.
For example, professionals with earlier experience in dementia
care could be directed to the advanced levels of the course
(including modules such as “Practical difficulties in daily life
and how to help by best practice”), whereas informal caregivers
who have never had to deal with dementia will be suggested to
start their course with the basic modules on “What is dementia?”
and “Living with dementia.” Caregivers can then follow their
own learning path, either gradually working their way up to the
more advanced levels or they can choose not to progress beyond
the basic modules/knowledge.

To ascertain what participants learn from the modules and to
make the content more appealing, interactive exercises are
included in the modules. These are used after each module at
the basic and intermediate levels as quizzes to test level of
knowledge. If an insufficient score is achieved in the quiz,

participants are encouraged to reread the material and to try the
quiz again following further learning.

Participants randomly allocated to the STAR training group
could follow all STAR modules and were invited to take part
in their national community (communities were created for all
nationalities of users) on Facebook. They were explicitly asked
to follow at least 4 modules, take part in the knowledge tests
offered at the end of the modules, to complete the interactive
exercises during the modules, and to watch a selection of videos
that were offered in the modules.

Measurement Instruments
All questionnaires were offered online and were self-assessed
in the participants’ own language. Background characteristics
were inventoried for all participants. These were age, sex,
relation to the person with dementia (in case of informal
caregivers), time involved in care for the person with dementia,
and prior experience with courses on dementia.

For assessing usefulness and user friendliness, a questionnaire
was composed specifically for this study, based on the
Usefulness, Satisfaction, and Ease of use (USE) questionnaire
[18] and online course evaluations used by the site programmers
(AcrossLimits, Malta). This questionnaire contained 29
questions with 2 open questions, 20 other questions that could
be answered on a 5-point scale ranging from “strongly agree”
to “strongly disagree” (eg, “I instantly knew where to click”),
and 7 questions on usefulness in which participants rated the
usefulness of specific parts of STAR on a 4-point scale from
“very useful” to “useless.” Also, users were asked to indicate
which modules they had followed and to grade each module on
usefulness (1-10) to account for the fact that not all participants
may have followed all modules of the course.

The primary outcome measures were knowledge on dementia
and attitudes regarding dementia. Knowledge was measured
with the Alzheimer’s Disease Knowledge Scale (ADKS) [19]
(internal consistency α=.71, test-retest reliability=0.81). The
ADKS consisted of 30 questions on different aspects of
Alzheimer’s disease that could be answered with “true” or
“false” (range 0-30), such as “People in their thirties can have
Alzheimer’s disease.”

Attitudes toward dementia were assessed with 2 questions from
the Alzheimer’s disease survey [20] and approaches to dementia
with the Approaches to Dementia Questionnaire (ADQ) [21]
(α=.85 for person-centered care scale; α=.76 for hope scale;
α=.83 total score). The latter questionnaire was also
administered among informal caregivers with one question
omitted (“It is important not to become too attached to people
with dementia”) because it was deemed inappropriate. The ADQ
consisted of 19 questions on attitudes toward dementia and
could be answered on a 5-point scale ranging from “completely
agree” to “completely disagree” (range 19-95), such as “People
with dementia are like children.”

The secondary outcome measures were empathy, quality of life,
burden, and sense of competence. The latter 3 were only
administered among informal caregivers. Empathy was assessed
with the Interpersonal Reactivity Index (IRI) [22]. This
questionnaire consists of 28 items that were answered on a

J Med Internet Res 2015 | vol. 17 | iss. 10 |e241 | p.161http://www.jmir.org/2015/10/e241/
(page number not for citation purposes)

Hattink et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


5-point scale ranging from “does not describe me well” to
“describes me very well” and with 4 subscales: (1) perspective
taking (tendency to adopt the psychological point of view of
others), (2) fantasy (tendency to imagine oneself into fictitious
characters in books and movies), (3) empathic concern
(“other-oriented” feelings of sympathy and concern for
unfortunate others), and (4) personal distress (“self-oriented”
feelings of anxiety and unease in tense interpersonal settings).
The range was 0 to 28 for each subscale.

Quality of life was assessed with 2 distinct questions (eg, “how
would you rate your quality of life on a scale from 1 to 10?”)
and burden was assessed with 1 question. Finally, for sense of
competence, the Short Sense of Competence Questionnaire
(SSCQ; α=.77) [23] was used. The total score for the SSCQ
was calculated by dichotomizing answers to 7 questions (eg, “I
feel strained in my interactions with my...”) on a 5-point scale,
counting only values of 4 or 5 (range 0-7).

Procedure
Participants, including informal caregivers (72/142, 50.7%),
volunteers (24/142, 16.9%), and professional caregivers (46/142,
32.4%), in the Netherlands and United Kingdom were recruited
through different partners (refer to Setting and Participants),
both in person and through email. When people were interested
in participating, a researcher provided them with additional
written and oral information and a consent form. When a signed
informed consent form was returned, the participants received
a link to the online baseline questionnaire by email.

After having filled in the questionnaires, participants in the
Netherlands and the United Kingdom were randomized to either
the experimental or the control group. Participants were
randomized based on the following variables. In each country,
strata for each participant group—informal caregiver, volunteer,
and professional—and within these strata (1) for informal
caregivers, spouse of a person with dementia or not and
knowledge regarding dementia being low (ADKS score <19),
average (ADKS 20-26), or high (ADKS >27), and (2) for
volunteers, shorter or longer than half a year of work experience
and, for professionals, education level high or low.

Randomization software [24] was used to classify participants
into either the experimental or control group. Participants in the
experimental group received a link to the STAR registration

webpage. People were free to choose the number of modules
they followed with a baseline minimum of at least 4 to obtain
a good impression of the course. People in the control group
were informed that they were assigned to the group that could
follow the course free of charge after post-test measurements
4 months later. At the end of the project, 2 to 4 months after the
baseline measurement, all participants received a link to the
questionnaires for post-test measurement. All personal data
collected were anonymized. Participants were allocated a code
number that was retained in a secured database under
supervision of the project leaders at the evaluation sites.

Analyses
Descriptive analyses were performed to describe the baseline
characteristics of the study population. Differences between the
experimental group and the control group at baseline were
analyzed with relevant difference tests (chi-square and t tests).

The usefulness and user friendliness of the STAR training were
analyzed with descriptive statistics. Impact on the outcome
measures was assessed with univariate covariance analyses
(ANCOVAs) on the post-test data of the participants at 4
months, whereas pretest data were included as covariates. The
background variables with baseline values that differed
significantly between the experimental and control group and
appeared to be related to one or more of the outcome measures
(ie, potential confounding variables) were also included in the
analyses as covariates.

Results

Description of Participants
In total, 142 persons participated in the STAR evaluation study.
In the Netherlands, 85 people took part in the research. Of these,
50 persons were informal caregivers, 7 were volunteers in
dementia care, and 28 were professional caregivers. In the
United Kingdom, 57 people participated; 22 were informal
caregivers, 17 were volunteers in dementia care, and 18 were
professional caregivers. We grouped the informal caregivers
and volunteers together as laypeople because of the relatively
small number of volunteers. The background characteristics of
the participants that completed both pretest and post-test
measurements are detailed in Table 1.
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Table 1. Background characteristics of participants at baseline for laypeople (informal caregivers and volunteers) and professional caregivers that
finished pretest and post-tests.

Pχ2 (df)F (df1,df2)Control groupExperimental groupCharacteristic

 

n=32n=27Laypeople

.162.02 (1,57)54.69 (14.36)52.93 (11.43)Age (years), mean (SD)

.650.2 (58)  Sex, n (%)

10 (31)7 (26)Male

22 (69)20 (74)Female

.414.0 (58)  Relationship, n (%)

9 (28)9 (33)Partner

5 (16)8 (30)Child

1 (3)0 (0)Sister/brother

10 (30)4 (15)Other

7 (22)6 (22)NA

.177.3 (58)  Duration of care, n (%)

6 (19)2 (7)<3 months

1 (3)2 (7)3-12 months

9 (28)2 (7)1-2 years

12 (38)15 (58)2-5 years

4 (12)6 (21)>5 years

.920.01 (1,57)24.13 (3.32)24.67 (3.43)ADKS score,a mean (SD)

n=14n=10Professionals

.321.04 (1,22)48.07 (9.11)46.90 (12.12)Age (years), mean (SD)

.083.1 (23)  Sex, n (%)

0 (0)2 (20)Male

14 (100)8 (80)Female

.623.5 (23)  Duration of care, n (%)

2 (14)1 (10)<3 months

4 (29)1 (10)3-12months

2 (14)1 (10)1-2 years

1 (7)3 (30)2-5 years

5 (36)4 (40)>5 years

.700.15 (1,22)24.36 (3.52)23.60 (3.40)ADKS score,a mean (SD)

aADKS: Alzheimer’s Disease Knowledge Scale.

During the pilot, 59 participants dropped out. The total response
at post-test was 61%. Reasons for dropouts in the Netherlands
(n=29) were no time (n=4) or unknown (n=25; no response to
repeated emails of researchers to remind them of filling in the
questionnaires). Reasons for dropouts in the United Kingdom
(n=30) were no time (n=1), no computer at home (n=1), or
unknown (n=28; no response to repeated requests by researchers
to fill in the questionnaires). Due to a technical issue (the rule
forcing participants to fill in all usefulness and user friendliness
questions before continuing did not function), one Dutch
participant did not fill in the questions on usefulness and user

friendliness, although he filled in all impact questions. Analyses
to test differences in background characteristics between
completers and dropouts indicated that for both formal and
informal caregivers and volunteers there were no significant
differences in age, gender, relationship, and duration of
care/work between these groups. Furthermore, at baseline there
were no statistically significant differences in background
characteristics and primary outcome measures, such as
knowledge, empathy, and approaches between the experimental
and control group. For an overview of participants, refer to the
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flowchart in Multimedia Appendix 1. The CONSORT checklist
for this study is shown in Multimedia Appendix 2.

Results of the Evaluation of Usefulness and User
Friendliness of the STAR Training
At post-test, participants from the experimental group (following
the STAR training) were asked to indicate if they followed a
particular module and, if so, to rate its usefulness on a scale
from 0 to 10. These ratings are presented in Table 2. Participants

in the Netherlands and the United Kingdom were positive overall
about the usefulness of the different modules. On average across
the countries, the modules that were assessed as most useful
were modules 4 (practical difficulties in daily life and how to
help) and 6 (support strategies to help people cope with the
consequences of dementia). The modules considered least useful
were modules 1 (what is dementia?) and 3 (getting a diagnosis
and why it is important).

Table 2. Rating of usefulness of the modules by the participants at post-test (mean score on scale 1-10).a

Professionals, mean (SD), nLaypeople, mean (SD), nModule

UK

n=2

Netherlands

n=8

UK

n=9

Netherlands

n=17

Baseline

6.00 (—), 18.40 (1.61), 78.22 (1.92), 98.07 (1.03), 151. What is dementia?

—8.30 (1.80), 79.00 (0.76), 88.13 (1.13), 152 Living with dementia

  Intermediate

—7.75 (1.75), 88.88 (0.84), 87.76 (1.35), 173. Getting a diagnosis

—7.55 (1.75), 79.14 (0.69), 77.76 (1.30), 174. Practical difficulties

7.00 (—), 17.80 (1.67), 69.00 (0.82), 77.76 (1.56), 175. Emotional impact of de-
mentia

9.00 (—), 18.40 (1.51), 58.57 (0.98), 77.71 (1.45), 176. Support strategies

10.00 (—), 18.00 (1.41), 49.00 (1.00), 57.53 (1.40), 157. Empathic communication

10.00 (—), 18.00 (1.41), 49.00 (1.00), 57.86 (1,41), 148. Emotional impact for
caregiver

  Advanced

—6.83 (1.17), 66.40 (3,64), 57.71 (0.76), 73. Getting a diagnosis

—6.00 (1.00), 38.00 (1.00), 37.63 (1.19), 84. Practical difficulties

10.00 (—), 18.33 (1.53), 37.67 (0.58), 37.75 (1.04), 85. Emotional impact of de-
mentia

—7.50 (0.71), 28.00 (1.00), 37.29 (0.76), 76. Support strategies

—7.50 (0.71), 27.50 (0.71), 27.50 (0.84), 67. Empathic communication

—7.67, 37.50 (0.71), 27.88 (0.84), 88. Emotional impact for
caregiver

8.67 (—)7.16 (0.66)8.27 (0.41)7.74 (0.87)Mean overall rating

aA higher score means participants considered it to be more useful.

The results on the opinions about usefulness of the different
elements, (eg, text or videos) of the STAR training are shown
in Table 3. Opinions on user friendliness are shown in Table 4.
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Table 3. Ratings on usefulness of specific elements of the STAR training (range 1-4).a

Professionals, median (interquartile range)Laypeople, median (interquartile range)Element

UK

n=2

Netherlands

n=8

UK

n=9

Netherlands

n=17

3.5 (—)3.0 (1.0)4.0 (1.0)3.0 (0.0)The text of the modules

3.5 (—)3.0 (0.0)4.0 (1.0)3.0 (1.0)The interactive exercises

3.5 (—)3.0 (1.0)4.0 (1.0)3.0 (1.0)The knowledge questions

3.0 (—)3.0 (1.0)2.0 (2.0)4.0 (1.0)The videos

3.0 (—)4.5 (2.0)3.0 (—)3.0 (1.0)The online communityb

3.0 (—)5.0 (2.0)3.0 (0.0)3.0 (1.0)The comments from the expert communityc

aScoring: 1=useless; 2=a little useful; 3=useful; 4=very useful; NA=not applicable.
bN/A in NL: n=8; N/A in UK: n=7.
cN/A in NL: n=7; N/A in UK: n=2.

Table 4. Opinions on user friendliness (range 1-5).a,b

Professionals, median (interquartile range)Laypeople, median (interquartile range)Question

UK

n=2

Netherlands

n=8

UK

n=9

Netherlands

n=17

2.0 (—)1.0 (0.0)1.0 (0.0)1.0 (0.0)Logging in was easy

2.0 (—)1.5 (1.0)1.0 (0.0)1.0 (1.0)I immediately noticed where I have to click

1.5 (—)1.0 (1.0)1.0 (0.0)1.0 (1.0)The overall layout is simple to follow

1.5 (—)1.0 (1.0)1.0 (0.0)1.0 (1.0)The STAR training was easy to do

1.0 (—)1.0 (0.0)1.0 (1.0)1.0 (1.0)The material has been well thought out

1.0 (—)1.0 (1.0)1.0 (1.0)1.0 (1.0)The length of the modules and exercises was
just right

1.5 (—)1.0 (0.0)1.0 (1.0)1.0 (0.0)The course was nice to do

1.0 (—)1.0 (1.0)1.0 (0.0)1.0 (0.0)I knew what I had to do in the STAR training
(navigating, exercises, etc)

aScoring: 1=completely agree; 2=agree a little; 3=agree/disagree; 4=disagree a little; 5=completely disagree.
bIn the UK cases where there's only 2 participants, the interquartile range could not be computed.

Use of the Learning Path Advisor
Analysis of logging files of the STAR training indicated that
most of the STAR participants in the experimental group used
the Learning Path Advisor. In the Netherlands, 73% of informal
caregivers and 91% of professional caregivers used the Learning
Path Advisor to obtain a personalized suggestion where to start

in the course. In the United Kingdom, 9% of informal caregivers
and 17% of professionals used the Learning Path Advisor.

Impact on Outcome Measures
In Table 5 are the results of the ANCOVA analysis to assess
the impact of STAR training compared to a waiting list condition
on the primary and secondary outcome measures of participants
in the Netherlands and the United Kingdom.
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Table 5. Impact of STAR training on outcome measures for laypeople and professionals (Netherlands and United Kingdom together).

η2bPF (df1,df2)Post-test, mean (SD)Pretest, mean (SD)Outcomesa

ControlExperimentalControlExperimental

Primary outcomes

  ADQ c

  (n=32)(n=27)(n=32)(n=27)Laypeople

0.19.00112.98 (1,57)64.66 (4.90)71.59 (6.48)60.13 (10.4)69.15 (6.74)Total (score 18-90)

0.06.073.54 (1,57)19.13 (3.68)22.33 (5.33)18.25 (3.89)20.48 (4.26)Hope scale (score 8-
40)

0.12.0087.48 (1,57)45.53 (3.56)49.26 (3.49)41.87 (9.50)48.67 (4.45)Person scale (score
10-50)

  (n=14)(n=10)(n=14)(n=10)Professionals

0.10.142.32 (1,22)77.21 (8.12)77.70 (5.42)56.78 (19.6)76.30 (5.42)Total (score 19-95)

0.01.590.31 (1,22)27.86 (4.59)27.80 (3.68)21.21 (5.74)27.50 (3.89)Hope scale (score 8-
40)

0.06.281.23 (1,22)49.36 (4.41)49.90 (3.03)35.57 (14.4)48.80 (2.78)

Person scale (score

11-55)d

  ADKS e (score 1-30)

(n=32)(n=27)(n=32)(n=27)Laypeople

0.00.900.02 (1,57)24.28 (3.12)24.44 (3.11)24.13 (3.32)24.67 (3.43)Total

  (n=14)(n=10)(n=14)(n=10)Professionals

0.00.970.00 (1,22)24.64 (2.40)24.20 (2.57)24.36 (3.52)23.60 (3.41)Total

  Attitudes (score 1-7)

(n=30)(n=24)(n=30)(n=24)Laypeople

0.03.191.74 (1,52)2.10 (1.67)2.75 (1.85)2.59 (1.82)2.91 (1.78)Total

  (n=4)(n=2)(n=4)(n=2)Professionals

0.00.930.01 (1,4)2.92 (1.68)3.22 (1.39)2.67 (1.61)3.33 (1.32)Total

Secondary outcomes

  Empathy (score 0-28)

(n=32)(n=27)(n=32)(n=27)Laypeople

0.15.0039.89 (1,22)13.59 (5.63)9.74 (5.33)14.25 (5.85)14.33 (6.20)Distress

0.46<.00147.63 (1,22)13.03 (5.63)20.40 (4.06)12.81 (6.60)12.56 (6.45)Empathy

0.03.241.41 (1,22)12.84 (4.43)14.30 (5.24)13.75 (4.24)13.70 (5.19)Fantasy

0.32<.00125.90 (1,22)13.75 (4.45)18.81 (3.45)13.06 (5.79)13.11 (5.66)Perspective

  (n=14)(n=10)(n=14)(n=10)Professionals

0.46<.00117.95 (1,57)14.57 (7.00)7.50 (2.80)13.86 (7.68)13.30 (7.69)Distress

0.49<.00119.37 (1,57)14.15 (8.12)20.30 (2.50)14.85 (8.59)12.90 (6.56)Empathy

0.05.231.11 (1,57)14.64 (5.37)12.50 (4.35)13.57 (4.18)13.20 (3.49)Fantasy

0.24.026.58 (1,57)13.93 (7.43)19.10 (3.21)12.93 (6.06)13.30 (5.74)Perspective

  (n=25)(n=21)(n=25)(n=21)
Quality of life f (grade 1-
10)

0.00.970.006.48 (1.58)7.05 (1.77)6.23 (1.75)7.24 (1.58)Informal caregivers

Burden f (score 1-5)

0.02.430.632.80 (0.96)2.43 (0.98)3.08 (1.13)2.67 (1.11)Informal caregivers
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η2bPF (df1,df2)Post-test, mean (SD)Pretest, mean (SD)Outcomesa

ControlExperimentalControlExperimental

Sense of competence (SS-

CQ) f,g (score 0-7)

0.11.025.504.04 (1.49)4.67 (1.06)4.54 (1.56)4.43 (1.25)Informal caregivers

aFor all scores except distress, burden, and sense of competence, the higher score is the more favorable.
bEffect size (η2) is considered small at 0.01, medium at 0.06, and large at 0.14.
cADQ: Approaches to Dementia Questionnaire
dFor professional caregivers, score is 11-55 because they had one additional question compared to informal caregivers.
eADKS: Alzheimer’s Disease Knowledge Scale
fThese were questionnaires specifically relevant to informal caregivers; they were not applied in volunteers.
gSSCQ: Short Sense of Competence Questionnaire

For the primary outcome measures, we found a statistically
significant effect on attitudes toward dementia (ADQ total score)

with a large effect size (η2) and on its subscale, person-centered
care among laypeople (informal caregivers and volunteers),
with a large effect size. For both cases, both the experimental
group and the control group increased in score. Differences in
baseline scores were accounted for by adding these as a
covariate in the analyses. We did not find outliers at baseline
that could explain this result. For the remaining primary
outcomes (knowledge about and attitudes toward dementia),
we did not find statistically significant differences in the
experimental or control group among laypeople and
professionals.

There were 2 separate questions relating to attitudes toward
dementia. The first question related to which disease people
were most afraid of developing (diabetes, stroke, heart disease,
dementia, cancer, depression, or influenza). At pretest, 31% of
laypeople were most afraid of developing dementia; for
professionals, this was 13%. At post-test, 46% of laypeople and
8% of professionals were most afraid of developing dementia.
This indicates that after completing the course, laypersons were
more afraid of developing dementia, whereas this fear decreased
in professionals. The second question on attitudes toward
dementia was “if you had a family member who was exhibiting
confusion and memory loss, would you want the person to see
a doctor to determine if the cause of the symptoms was
Alzheimer’s disease or not?”. This was answered positively by
all who completed the research, both at pretest and at post-test.

For the secondary outcome measures, we found statistically
significant differences between the experimental and control
group in the expected direction on several subscales of empathy:
the distress subscale, empathy subscale, and perspective
subscale. Although the scores on these scales remained largely
the same in the control group at pretest and post-test, we
witnessed a significant improvement in the experimental group,
indicating that they felt less distressed in tense situations, had
more empathy and concern for the well-being of other people,
and were better able to understand situations and the actions of
other people. On the other hand, we found a medium-sized,
significant negative effect on sense of competence of informal
caregivers, which declined in the experimental group compared
to the control group, implying that participants in the course

felt less competent to fulfill their care task after following the
course. Post hoc analysis revealed that this decline in sense of
competence was related to a higher age of the caregivers
(r=–.34, P=.02).

Discussion

The STAR training, an online e-learning course developed to
skill/reskill informal caregivers, volunteers, and professional
caregivers of persons with dementia, was evaluated in the
Netherlands and the United Kingdom on its usefulness, user
friendliness, and effectiveness. This evaluation was undertaken
in an RCT, comparing participants who followed the STAR
training to a waiting list control group. The evaluation results
indicated that, in general, the 8 modules of the STAR training
were positively/very positively valued with regard to usefulness
and user friendliness. The course was considered easy to
undertake and the material was considered well thought out.
Participants indicated that the course made them feel more
secure about their quality as a caregiver. Although all modules
were assessed positively, some modules, such as modules 1 and
3, scored lower than others did. The content of these modules
will need to be reviewed for future versions of STAR.

The results of the RCT in the Netherlands and the United
Kingdom demonstrated a significant positive impact of the
STAR training course on maintaining feelings of empathy
among informal caregivers and volunteers. Also, an effect was
found on a person-centered care approach; both the
person-centered care approach and the total score on positive
approaches toward dementia increased among laypeople in both
the experimental and the control group. The sense of competence
declined slightly in the informal caregivers who followed the
course, which appeared to be related to the higher age of the
caregivers. The decline in sense of competence is in contrast to
the finding that a large number of the participants who followed
the STAR training indicated that they felt more secure about
their qualities as caregivers.

For professional caregivers, empathy improved among those
who followed the course. This is an indication that after
following the course they became better able to view situations
from another’s perspective (eg, a person with dementia) and
that they showed more sympathy and concern, which may help
them to provide better care for people with dementia. No effects
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were found on knowledge about Alzheimer’s disease. This was
likely because the selected instrument, the ADKS, mostly has
factual questions on symptoms and prevalence, although the
STAR course predominantly focused on informing caregivers
how to deal and cope with the consequences of dementia.
Therefore, positive outcomes related to dealing with dementia
(eg, empathy and attitudes), rather than an increase in
knowledge, were in-line with our expectations. On other
outcome measures, such as quality of life and burden, no effects
were found.

These results are in-line with recent research, which has also
found beneficial effects from Internet-based interventions [7],
among others on attitudes and empathy [10]. One of the
explanations for the effectiveness of STAR is the opportunity
to choose “personalized learning paths,” which make it possible
for each individual caregiver to tailor the content of the training
to their own needs and skill level by recommending which
modules are most relevant to them. According to earlier research
by Lustria et al [8], tailored computer-based health interventions
lead to improved health in caregivers. Previous research also
indicates that increasing empathy in caregivers is highly relevant
because it increases the well-being of the person with dementia
[25].

Review studies on the effectiveness of psychosocial and
technology-driven interventions to support family caregivers
show that interventions using a psychoeducational or
psychotherapeutic approach appear to be among the most
powerful psychosocial interventions to improve quality of life
of persons with dementia and their caregivers, and delay patient
institutionalization [26-28]. Nevertheless, many studies suffered
from serious methodological problems, such as unclear
randomization methods, inadequate power calculation,
selectively reported outcomes, and no use of an intention-to-treat
analysis [29-31]. In addition, interventions were difficult to
compare because type and intensity varied [32]. STAR adds to
this research by offering an RCT with clear randomization
methods and adequate numbers for sufficient statistical power.
Additionally, all outcomes of STAR are clearly reported.

A strength of this study is that the STAR training portal was
tested in an RCT design in 2 countries. A limitation of the study
was the high number of dropouts in the RCT (34% in the
Netherlands, 53% in the United Kingdom), especially in the
experimental group; 43% (Netherlands) and 64% (United
Kingdom) dropped out of the study. It seems likely that
participants in the control group were more motivated to

participate in the post-test because participating in the
questionnaires would offer them free access to the course
afterward. Furthermore, given that the STAR training portal
was still in late development at the time of testing, some errors
occurred when people followed the course. Another limitation
was the fact that the online communities were not used often
by participants, making them less informative and supportive
than originally anticipated. The communities only contained a
small number of participants because access was limited to only
those in the experimental group of the research. However, they
are expected to become more active and supportive in the future.
This expectation is based on the fact that the STAR website has
recently been updated to show links to the community websites
more clearly. Additionally, when STAR gets more users, more
users will potentially visit these communities, making them
more lively and, therefore, more interesting to use for other
visitors. We found little use for the Learning Path Advisor in
the United Kingdom compared to use of it in the Netherlands.
One explanation for this could be that the British group consisted
of more volunteers with less experience in dementia care, who
may have been more interested to follow the entire course,
whereas the Dutch group consisted largely of informal
caregivers and the majority (79%) had been caring for a person
with dementia for 2 years or longer. It is likely that these
experienced caregivers tended to use the Learning Path Advisor
more frequently to find out which modules would provide them
with new information, taking into account the knowledge they
already had.

In conclusion, based on the promising results of our study,
especially the positive effects of the STAR training portal on
empathy for both laypeople (informal caregivers and volunteers)
and professionals, it is recommended to repeat the RCT on a
larger scale and in more countries. STAR is currently available
in Dutch and English; the basic and intermediate modules are
available in Italian and Romanian, and some are available in
Swedish as well.

The positive effects of STAR on attitudes and empathy of
caregivers may contribute to appropriate and high-quality
dementia care in the community now and in the future.
Therefore, an Internet-based intervention such as STAR can be
a very useful alternative for face-to-face education and support
for caregivers/informal caregivers and low-/unschooled
professionals [2,3] and at lower costs [9], thus providing a means
to cope with the challenge of taking care of the growing number
of people with dementia in our society.
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Abstract

Background: Symptom monitoring is a cornerstone of asthma self-management. Conventional methods of symptom monitoring
have fallen short in producing objective data and eliciting patients’ consistent adherence, particularly in teen patients. We have
recently developed an Automated Device for Asthma Monitoring (ADAM) using a consumer mobile device as a platform to
facilitate continuous and objective symptom monitoring in adolescents in vivo.

Objective: The objectives of the study were to evaluate the validity of the device using spirometer data, fractional exhaled nitric
oxide (FeNO), existing measures of asthma symptoms/control and health care utilization data, and to examine the sensitivity and
specificity of the device in discriminating asthma cases from nonasthma cases.

Methods: A total of 84 teens (42 teens with a current asthma diagnosis; 42 without asthma) aged between 13 and 17 years
participated in the study. All participants used ADAM for 7 consecutive days during which participants with asthma completed
an asthma diary two times a day. ADAM recorded the frequency of coughing for 24 hours throughout the 7-day trial. Pearson
correlation and multiple regression were used to examine the relationships between ADAM data and asthma control, quality of
life, and health care utilization at the time of the 7-day trial and 3 months later. A receiver operating characteristic (ROC) curve
analysis was conducted to examine sensitivity and specificity based on the area under the curve (AUC) as an indicator of the
device’s capacity to discriminate between asthma versus nonasthma cases.

Results: ADAM data (cough counts) were negatively associated with forced expiratory volume in first second of expiration
(FEV1) (r=–.26, P=.05), forced vital capacity (FVC) (r=–.31, P=.02), and overall asthma control (r=–.41, P=.009) and positively
associated with daily activity limitation (r=.46, P=.01), nighttime (r=.40, P=.02) and daytime symptoms (r=.38, P=.02), and
health care utilization (r=.61, P<.001). Device data were also a significant predictor of asthma control (β=–.48, P=.003), quality
of life (β=–.55, P=.001), and health care utilization (β=.74, P=.004) after 3 months. The ROC curve analysis for the presence of

asthma diagnosis had an AUC of 0.71 (95% CI 0.58-0.84), which was significantly different from chance (χ2
1=9.7, P=.002),

indicating the device’s discriminating capacity. The optimal cutoff value of the device was 0.56 with a sensitivity of 51.3% and
a specificity of 72.7%.

Conclusions: This study demonstrates validity of ADAM as a symptom-monitoring device in teens with asthma. ADAM data
reflect the current status of asthma control and predict asthma morbidity and quality of life for the near future. A monitoring
device such as ADAM can increase patients’ awareness of the patterns of cough for early detection of worsening asthma and has
the potential for preventing serious and costly future consequences of asthma.

(J Med Internet Res 2015;17(10):e234)   doi:10.2196/jmir.4975
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Introduction

Achieving acceptable asthma control in adolescents remains
elusive despite the availability of efficacious treatment options.
In 2010, nearly 11% of adolescents (2.7 million) aged 12-17
years in the United States reported a current diagnosis of asthma
[1] and adolescents suffer greater asthma-related morbidity than
other age groups [2]. Adverse asthma outcomes in this age group
are largely attributable to poor self-management [3-5].
Establishing daily routines of symptom monitoring is recognized
as the initial step to successful asthma self-management [6,7]
leading to better asthma outcomes [8].

National Heart, Lung, and Blood Institute (NHLBI) Expert
Panel Review 3 (EPR 3) [9] recommends that all patients with
asthma learn to recognize symptom patterns related to
inadequate asthma control. Currently, there are 2 basic types of
home-based symptom-monitoring methods that patients can use
to monitor symptom patterns: symptom-based and peak flow
monitoring. However, many studies have consistently raised a
concern about young people’s poor perception in recognizing
asthma symptoms [10-17]. Adolescents, in particular, tend to
be overly optimistic in rating their asthma control despite the
presence of symptoms and activity limitations [18-20]. As a
consequence, sole reliance on patients’ perception in symptom
monitoring can be misleading.

Peak flow monitoring has been recommended to enhance the
objectivity of symptom monitoring, particularly for those who
suffer a high level of asthma severity because of their impaired
symptom perception [21-23]. However, confirming the
reliability of peak expiratory flow rate values has been an
ongoing challenge [24-26]. Moreover, its clinical usefulness in
children and adolescents is hampered by users’ poor adherence
and inadequate techniques, and the effort-dependent nature of
the method. Concerns have been raised about questionable
long-term sustainability of peak flow monitoring and inaccurate
and/or fabricated readings [27-32].

Given the limitations of the existing symptom-monitoring
methods, alternative strategies have been called for to mitigate
the previously mentioned issues and enhance objectivity and
sustainability for continuous symptom monitoring in children
and adolescents [8,29,32,33]. Recently, we developed an
Automated Device for Asthma Monitoring (ADAM) to increase
the objectivity of symptom monitoring and to facilitate
adolescents’ adherence to continuous symptom monitoring in
vivo. The device employed audio analysis technology to
recognize symptoms, particularly coughs. The device uses a
mobile system, iPod, as a platform. The methodological and
technical details involving the development of the device and
user acceptability are reported elsewhere [34,35]. This paper
reports findings on the validity of the device as a monitoring
tool. Specifically, this study examined (1) concurrent validity
by correlating the data of the device with other measurements
informing asthma control, including pulmonary function,
fractional exhaled nitric oxide (FeNO), symptom-based

monitoring (eg, daily asthma diary), asthma control questions,
quality of life, and health care utilization; (2) predictive validity
of the device by examining the extent to which the results of
the device predict asthma control, quality of life, and health
care utilization after 3 months; and (3) sensitivity and specificity
of the device in discriminating between an asthma group and a
nonasthma group.

Methods

Study Sample and Setting
Participant eligibility criteria for the asthma group were (1) age
13-17 years, (2) physician-diagnosed asthma for at least 1 year,
and (3) ability to understand spoken and written English. The
nonasthma group were age-matched adolescents with no
current/past history of asthma and free of ongoing respiratory
conditions. For both groups, we excluded those with other
diagnoses producing respiratory symptoms (eg, upper respiratory
infection, cardiac disease, cystic fibrosis) or significant cognitive
impairment that could interfere with following the study
protocol. Potential participants were recruited from the pediatric
emergency department (ED) and outpatient clinics (primary
practice and pediatric pulmonary practice) in a major university
medical center located in the Northeastern United States. Of a
total of 84 participants, most (73%, 61/84) were recruited from
the ED and the remaining were from the study flyers (23%,
19/84) and clinician referrals from outpatient clinics (4%, 4/84).
Unverifiable asthma diagnosis by medical records was the most
common cause of ineligibility for the asthma group (n=52)
followed by comorbidity with other respiratory diagnosis (n=14).
For the nonasthma group, having an asthma diagnosis in the
past (n=22) and presenting respiratory symptoms (n=7) were
common reasons for ineligibility.

Study Measures: Both Groups

Automated Device for Asthma Monitoring
The ADAM device uses an iPod as a platform and was designed
to continuously process audio data in real time to detect coughs.
The device detected the number of cough events in 6-second
intervals. It also provided a display of cough count data in a
chart form on the device for users. Detailed descriptions of the
device have been reported elsewhere [34,35]. ADAM was used
by all participants for at least 7 consecutive days.

Fractional Exhaled Nitric Oxide
FeNO is a noninvasive method of assessing asthmatic
inflammation [36]. Increasing FeNO levels have been found to
be predictive of deteriorating asthma [37] and correlates more
closely with symptoms than does forced expiratory volume in
the first second (FEV1) [38,39]. FeNO was measured before
and after the 7-day trial in accordance with the American
Thoracic Society (ATS) recommendations [40] using NIOX
MINO (Aerocrine AB, Stockholm, Sweden).
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Pulmonary Function Test
To assess the degree of airway obstruction, the volume of air
expired during the first second of a forced vital capacity
maneuver (FEV1) and forced vital capacity (FVC) was measured
using a KoKo spirometer (Pulmonary Data Service; Louisville,
CO, USA) connected to a personal computer. Trained research
staff performed spirometry for each participant two times, before
and after the 7-day trial in accordance with the ATS standards
[41].

Participant Demographic Form
Basic demographic information was collected, including gender,
age, race, annual family income, years with asthma diagnosis
(for the asthma group), types of health conditions that led to a
clinic or ED visit (for the comparison group), and current
medications (if applicable).

Study Measures: Asthma Group Only

Asthma Control Questions
The Asthma Control Questionnaire (ACQ) was developed based
on the 2007 NHLBI National Guidelines’ asthma control
classification criteria involving 4 areas of asthma impairment,
including the frequency of daily activity limitations, asthma
symptoms, nighttime symptoms, and use of short-acting beta
agonists (SABA) in the past 4 weeks. The 4 questions were
measured on a 5-point scale and higher total scores indicated
better asthma control. The ACQ was administered at pretrial
and at 6-month follow-up. Cronbach alpha of the scale was .79
in this study.

Pediatric Asthma Quality of Life Questionnaire
The 23-item Pediatric Asthma Quality of Life Questionnaire
(PAQLQ) measures 3 subdomains pertaining to asthma-related
quality of life in children with asthma aged 7-17 years, including
symptoms (10 items), emotional function (8 items), and activity
limitation (5 items) [42]. Each item is measured on a 7-point
scale (1=maximum impairment, 7=no impairment). Higher total
scores indicate better levels of functioning. In this study, high
internal consistency (Cronbach alpha) was found in all 3
subscales: .94, .95, and .88 for symptoms, emotional function,
and activity limitation subdomains, respectively.

Health Care Utilization Form
The Health Care Utilization Form captured any asthma-related
events including ED visits, hospitalization, office visits, and
missed school days. This form assessed the frequency of events
that occurred over the past 3 months (pretrial, 3-month
follow-up) and the past 7 days for post-trial.

Visual Analog Scale
The Visual Analog Scale (VAS) is a line 100 mm long with 3
anchors dividing 3 zones (red, yellow, and green). For each
symptom, there is a green zone (80-100 mm) labeled “no
symptoms,” a yellow zone (79-50 mm) labeled “mild
symptoms,” and a red zone (<50 mm) labeled “very bad
symptoms” [16,29]. Teens marked any point on the line
according to their perception of asthma symptoms two times a
day in the morning and evening during the 7-day trial. The
distance between the 0-mm mark and the placement of the “X”

was measured to provide a numeric interpretation of their
symptom perception.

Asthma Control Diary
The Asthma Control Diary consisted of 6 items, each with scores
ranging from 0 (no symptoms) to 6 (continual symptoms) [43].
The device automatically sent diary reminders two times a day
during the 7-day trial and allowed teens to conveniently
complete the diary electronically using the touchscreen. The
device automatically triggered diary reminders and made diary
questions available only within the designated time window for
am (6 am-noon) or pm (6 pm-midnight) to minimize recollection
errors or the risk of data fabrication later. Morning questions
pertained to nocturnal waking and morning symptoms, and
evening questions assessed the degree of activity limitation,
daytime symptoms (shortness of breath and wheeze), and SABA
use in previous 24 hours. The mean score for each diary question
was computed with higher scores indicating a greater degree of
symptoms.

Study Procedure
At enrollment, spirometry and FeNO tests were conducted for
all participants followed by the measurement of asthma control
and health care utilization for the asthma group. All participants
used the device continuously for the next 7 days during which
the asthma group completed daily the electronic asthma diary
and the VAS in the morning and at bedtime. On completion of
the 7-day trial, spirometry and FeNO tests were repeated for all
participants. In addition, the asthma group completed a quality
of life questionnaire and reported any health care utilization
that occurred in the past week. Follow-up data on asthma
control, health care utilization, and quality of life were collected
at 3 months after the trial only from the asthma group. Only 2
of 42 participants in the asthma group were lost to the 3-month
follow-up. Of the 40 follow-up cases, 30 were completed by
mail and 10 were in-person with research staff. This study
protocol was approved by the Institutional Review Board, the
Research Subjects Review Board, located in the University of
Rochester Medical Center, Rochester, NY, and informed consent
and assent were obtained from parents and teens, respectively.
The participants received a monetary incentive (US $130 for
the asthma group; US $100 for the nonasthma group) for their
participation.

Data Analysis
All analyses were performed using SAS v9.3 (SAS Institute,
Inc, Cary, NC, USA). Descriptive statistics were used to
examine demographic and clinical characteristics. To assess
concurrent validity, Pearson correlations were calculated
between the device data from the asthma group with spirometer
data (FEV1 and FVC), FeNO, and other measures of asthma
conditions, including asthma control questions, daily symptom
diaries, VAS, quality of life, and health care utilization. To
assess predictive validity of the device, regression was used to
examine the relationships between the device data and asthma
control, health care utilization, and quality of life collected at
3 months after the 7-day trial. Age, gender, and race were
adjusted for in the regression analyses. Sensitivity and specificity
were evaluated by assessing the device’s capability to classify

J Med Internet Res 2015 | vol. 17 | iss. 10 |e234 | p.174http://www.jmir.org/2015/10/e234/
(page number not for citation purposes)

Rhee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


2 distinctive groups. A receiver operating characteristic (ROC)
curve analysis was conducted to calculate the area under the
curve (AUC) as an indicator of the device’s capacity to
discriminate between asthma and nonasthma participants. An
AUC of 1 indicates perfect classification and an AUC of 0.5
indicates that the ability to correctly classify is no better than
chance. Based on the ROC, an optimum cutoff value was chosen
to jointly maximize the sensitivity and specificity of the device.
Given the few studies looking at devices for symptom
monitoring in adolescents, any noticeable statistical trend is
valuable; therefore, the significance level used in the analysis
was less than .10. These findings are useful for an initial
understanding of the validity of ADAM and for providing
direction for further studies. Although it is understood that these
findings will require further investigation, the risk of rejecting
important research hypotheses was judged more important than
the risk of type I error.

Results

Sample Characteristics
Details of participant flow from screening to the 3-month
follow-up and sociodemographic characteristics of each group
in the sample are reported elsewhere [34]. A total of 84
adolescents aged between 13 and 17 years (mean 15 years, SD
1.4) participated in the study. Of those, 61% (51/84) were
females and 44% (37/84) were nonwhite adolescents. No
significant differences were found between the asthma and
nonasthma groups in age and gender. The asthma group included
significantly more nonwhite adolescents, predominantly African
American. At enrollment, the asthma group had slightly lower
FEV1 (mean 88.3%, SD 16.3 vs mean 90.9%, SD 13.8) and
elevated FeNO (mean 28.6 ppb, SD 38.6 vs mean 25.6 ppb, SD
24.8) than the nonasthma group, yet these differences were not
statistically significant. Within the asthma group, 19 of 42 (45%)
reported active asthma symptoms at enrollment. Mean years
since asthma diagnosis was 10.4 (SD 4.9) years. SABA use was
reported by 95% (40/42) of the asthma group and most (60.5%,
25/42) were on at least one controller medication. The most
common medication was inhaled corticosteroids (ICS), which
was reported by 38% (16/42) of the asthma group, followed by
ICS and long-term beta-agonist combination (29%, 12/42), and
leukotriene modifier (21%, 9/42). No significant difference in

control medication use was found between the symptomatic
and nonsymptomatic groups. Only 2 participants (5%, 2/42)
reported oral steroids as a current medication.

Coughs in the Asthma Group Monitored by the Device
Descriptive analysis was conducted on data from the asthma
group excluding 3 asthma teens for which no data were recorded
in the device due to unknown mechanical issues. All 39 teens
with asthma used the device for a mean 8.26 (SD 1.47)
consecutive days (median 8, range 5-14 days) and each teen
used the device for a mean 19.4 hours/day (SD 1.71; median
19.7, range 15-22 hours). When the number of coughs was
compared for morning (6 am-11:59 am), afternoon/evening
(noon-10 pm), and bedtime (10 pm-6 am), a greater number of
coughs were registered during afternoon/evening compared to
morning and bedtime (P=.01 and P=.004, respectively). The
number of coughs was not significantly different by gender or
age.

Concurrent Validity

Cough Counts and Fractional Exhaled Nitric Oxide and
Pulmonary Function
No significant correlations were found between the device’s
cough data and FeNO. The number of coughs was negatively
associated with FEV1 (r=-.26, P=.05) and FVC (r=-.31, P=.02)
at enrollment indicating that the higher number of coughs was
associated with poor pulmonary function.

Cough Counts and Daily Symptom Diary Data and
Visual Analog Scale
Cough counts showed a positive association with limited
activities (r=.46, P=.01) and shortness of breath (r=.29, P=.07).
Cough counts showed significant associations with symptoms
as measured by VAS at nighttime (r=.40, P=.02) and daytime
(r=.38, P=.02).

Cough Counts and Asthma Control and Quality of Life
Table 1 shows correlations between cough counts and asthma
control and quality of life during the trial. Cough counts were
negatively associated with asthma control and overall quality
of life, and the activity and symptom subscales of quality of
life.

Table 1. Associations between the number of coughs and asthma control and quality of life.

PrAssociated variables

.01-.41Asthma control

.08-.28Quality of life total

.09-.27Activity subscale

.07-.29Symptoms subscale

.11-.26Emotional function subscale

Cough Counts and Health Care Utilization
There was no association between cough counts and health care
use in the 3 months before the trial. However, cough counts
showed positive association with health care use during the

7-day trial (r=.61, P<.001) indicating that higher cough counts
were associated with the higher use of health care services,
particularly with the number of days of hospitalization (r=.72,
P<.001) and office visits (r=.72, P<.001). Cough counts were
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also positively associated with the number of missed school
days (r=.70, P<.001).

Predictive Validity
Greater number of coughs was correlated with poor asthma
control and quality of life and higher use of health care services
3 months later (Table 2).

Table 2. Correlations between the number of coughs and asthma control, quality of life, and health care utilization at 3 months after the 7-day trial.

PrDependent variables

.002-.49Asthma control

.004-.47Quality of life total

.006-.45Activity subscale

.006-.45Symptoms subscale

.007-.44Emotional function subscale

.02.55Health care utilization

Table 3 presents the extent to which cough counts predicted
asthma control, quality of life, and health care utilization after
adjusting for age, gender, race, and family income. Coughs
significantly predicted asthma control, and the regression model
explained 42% of the variance in asthma control. Cough counts
also significantly predicted the quality of life total score (β=-.55,
P=.001) and each of the subscales including activity, symptoms,
and emotional function 3 months later. Explained variance in
quality of life was 38% for the quality of life total score, and

28%, 35%, and 41% for activity, symptoms, and emotional
subscales, respectively. Health care utilization during the 3
months following the 7-day trial was significantly predicted by
cough counts (β=.74, P=.004), explaining 76% of the variance.
Particularly, coughs were associated with ED visits (r=.47.
P=.004), asthma specialist visits (r=.45, P=.005), and office
visits due to worsening asthma (r=.39, P=.02) that occurred in
the 3-month period after the trial.

Table 3. Asthma control, quality of life, and health care utilization predicted by coughs and demographic variables.

Health care uti-
lization

Quality of lifeAsthma controlPredictors

PβEmotional functionSymptomsActivityTotalPβ

PβPβPβPβ

.004.74<.001-.58.003-.50.005-.50.001-.55.003-.48Cough counts

.42.19.29.16.65.07.53.11.47.11.73.05Age in years

.25-.26.51-.11.20-.22.30-.19.28-.19.64.08Gender (1=female)

.90.03.43-.20.88.04.71.10.91-.03.14.36Race (1=nonwhite)

.17-.43.72-.09.68.11.93.03.92.03.83.06Household income

Sensitivity and Specificity
The capacity of the device to distinguish participants with
asthma from those without asthma was assessed using ROC
curve analysis. The ROC curve for the presence of asthma
diagnosis had an AUC of 0.71 (95% CI 0.58-0.84). The AUC

was significantly different from chance (χ2
1=9.7, P=.002). The

optimal cutoff value of the device was 0.56, with 51.3%
sensitivity and 72.7% specificity (Figure 1). The cutoff value
discriminating teens with asthma from those without asthma
was translated into 0.83 coughs/hour or 19.92 coughs/day.

J Med Internet Res 2015 | vol. 17 | iss. 10 |e234 | p.176http://www.jmir.org/2015/10/e234/
(page number not for citation purposes)

Rhee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Receiver operating characteristic (ROC) curve analysis for predictive values of coughs.

Overview of the Study Findings
Table 4 summarizes findings pertaining to the validity of the
device. Most of the expected relationships between ADAM data

and conventional measures of asthma were substantiated by our
findings.
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Table 4. Overview of study findings and expected relationships between cough counts and measures of asthma.

FindingsStatistical
method

Expected relationshipsTypes of validity

Concurrent validity

No significant correlations with FeNO; cough counts were
negatively associated with FEV1 and FVC

CorrelationPositive association with
FeNO; negative association
with lung function

Cough counts and FeNO and lung
function

Associated with limited activities and approached signifi-
cance for shortness of breath and number of rescue medi-
cations use in the past 24 hours

CorrelationPositive associationCough counts and symptom diary data
and VAS

Cough counts were negatively associated with asthma
control

CorrelationNegative associationCough counts and asthma control

Approached significance with quality of life, activity, and
symptom subscales

CorrelationNegative associationCough counts and quality of life

No association between cough counts and health care use
before the 7-day trial; however, cough counts showed
positive association with health care use during the 7-day
trial

CorrelationPositive associationCough counts and health care utiliza-
tion

Predictive validity

Coughs predicted asthma control 3 months later explaining
42% of the variance in asthma control. Coughs predicted
the quality of life total score and each of subscales 3 months
later, explaining variance in quality of life, which ranged
from 28% to 41%

Multiple re-
gression

Cough counts predicting
asthma control and quality of
life

Cough counts and asthma control and
quality of life 3 months later

Coughs predicted health care utilization 3 months later
explaining 76% of the variance in health care utilization

Multiple re-
gression

Cough counts predicting
health care utilization

Cough counts and health care utiliza-
tion 3 months later

Clinical prediction

0.71 (95% CI 0.58-0.84)ROC curve
analysis

Area under the curve

0.56 (0.83 coughs/hour or 19.92 coughs/day)ROC curve
analysis

Cutoff point

51.3% sensitivityROC curve
analysis

Discrimination of positive
asthma diagnosis by a cutoff

Sensitivity

72.7% specificityROC curve
analysis

Discrimination of negative
asthma diagnosis by a cutoff

Specificity

Discussion

This study examined the validity of ADAM, an investigational
device that automatically monitors coughs continuously in
adolescents with asthma. To our knowledge, ADAM is the first
fully automated portable device facilitating continuous
monitoring of the frequency of coughs that involves real-time
processing, analysis, recording, and displaying of symptoms.
Previously, we reported technical details [35] and the acceptance
of the device by teen users [34]. In these earlier reports, we
demonstrated the feasibility of developing an algorithm for
coughs, but not for wheezes due to the wide intrapersonal and
interpersonal variability of the acoustic signature of wheezing.
Therefore, ADAM was evaluated solely as a cough-monitoring
device at this time. Coughs are widely recognized as a key
symptom of asthma [9,44] and the most common symptom of
uncontrolled asthma in children and adolescents [7,45-47].
Asthma patients report coughs as the most troublesome symptom
in their lives and as a symptom of greater importance [48].
Given the importance of coughing in asthma, ADAM can be a

clinically useful monitoring tool not only for the symptom itself,
but also for symptom burdens on individuals. In this paper, we
examined the validity of the device as an asthma-monitoring
tool and its capacity to discriminate asthma cases from controls.

Principal Results
Overall, we found positive temporal correlations, albeit low to
moderate, between device data (ie, cough counts) and
conventional measures of asthma symptoms and symptom
control. Similarly, previous studies reported modest correlations
between objective cough rates and subjective measures specific
to cough (VAS for cough and cough scores) in individuals with
asthma [49,50]. In our study, the generic self-report measures
of asthma symptoms made it difficult to assess the degree of
agreement between the device’s cough counts and the amount
of coughs perceived by individuals. Nonetheless, when
conceptualizing coughs as an indicator of asthma condition, use
of generic measures of asthma control to establish the device’s
validity as an asthma-monitoring tool can be justified. The
demonstrated relationships between cough counts and
concomitantly assessed activity limitation and other symptoms
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as well as overall asthma control provide support for the validity
of the device as a tool for overall asthma monitoring rather than
simply for cough. As in another study [49], the relationship
between cough counts and quality of life suggest that
experiencing coughing can take a toll on quality of life in teens
with asthma. Moreover, the positive relationships between cough
counts and health care utilization and school absenteeism during
the trial could be further evidence that cough counts as measured
by ADAM is a compelling indicator of asthma morbidity.

Unlike earlier reports of no relationship between spirometry
data and coughs measured by an objective method [49,51] or
self-report [52], we found that the cough counts by ADAM were
associated with poor pulmonary function (as indicated by FEV1

and FVC), suggesting that the number of coughs are indicative
of airway obstruction. However, consistent with an earlier study
[49], we were unable to establish the relationship between
coughing and airway inflammation measured by FeNO. This
may be because most (>50%) of the asthma group were
asymptomatic (ie, no indication of active airway inflammation)
before and during our trial period. Replication of the trial using
a large number of patients with active symptoms is needed to
determine the nature of relationship between coughs and airway
inflammation.

This study demonstrated strong evidence for predictive validity
of the device. After adjusting for sociodemographic factors,
cough counts were predictive of asthma morbidity and quality
of life at 3 months after the 7-day trial. The cough count
predicted poor asthma control and quality of life at 3-month
post-trial, accounting for 42% and 38% of the variance,
respectively. Health care services used during 3 months after
the trial were predicted by the cough count by our device and
explained as much as 76% of the variance in acute health care
utilization 3 months later. In an earlier study [53], worsening
coughing was found to be predictive of severe asthma after 9
years in adult patients. Our findings support not only ADAM’s
predictive validity, but also coughs as an important harbinger
for upcoming deterioration of teens’asthma morbidity that could
undermine their overall well-being and impose serious burdens
on the health care system. As such, the findings underscore the
importance and need for a monitoring device such as ADAM
that can increase patients’ awareness of the patterns of cough
for early detection and has the potential for preventing serious
and costly future consequences of asthma morbidity.

The device’s capacity to discriminate correctly the asthma group
from those without asthma was assessed to determine sensitivity
and specificity. We found poor diagnostic sensitivity of ADAM;
that is, the chances of correctly identifying those with asthma
were only 51% using 20 coughs/day as a cutoff. The poor
diagnostic sensitivity of the device may have been due to the
asymptomatic state of more than 50% of the asthma group in
which the average cough counts were below the cutoff making
it difficult for the device to appropriately identify asthma cases.
In the future, studies maximizing differences between
subsamples in symptom presentation will be essential for
adequately assessing the sensitivity of the device. By contrast,
ADAM demonstrated relatively better specificity such that the
device correctly classified those who did not have asthma for

73% of cases. Using the device in an environment replete with
everyday noises may result in a high number of cough counts
exceeding the cutoff, even in those without asthma; thus,
incorrectly excluding them from the nonasthma group. We
observed occasional false events (2 coughs/hour) depending on
environmental noises (70% sensitivity of the cough algorithm)
[35], which is strikingly similar to 2.5 events/hour by the
Leicester Cough Monitor [54]. Given the poor capacity to
correctly classify patients with asthma, ADAM is not suitable
for determining a clinical diagnosis of asthma, but is intended
solely for monitoring cough in those with a confirmed asthma
diagnosis. Like any monitoring device, false alarms are still an
issue because these can cause unnecessary concerns or
undermine users’ confidence in the monitoring tool. Therefore,
further optimizing the accuracy of the monitoring device is
warranted by refining the algorithm and adopting noninvasive
techniques to minimize the influence of environmental noises
(eg, direct application of an adhesive microphone on the chest
wall).

Study Limitations
Several limitations to this study’s design warrant caution.
Because the device stored only the number of coughs without
sound recording, validating the accuracy of cough counts
through the manual confirmation of corresponding cough events
was not done. Except for pulmonary function tests and FeNO,
we primarily used self-report measures that were not specific
to coughs to establish the validity of the device. The generic
nature of the measure may have contributed to some of the
nonsignificant correlations between the measures and device
data. Although self-report measures are inherently subject to
recollection bias, we attempted to address the challenge by
strategically collecting daily symptom data electronically. In
health care utilization data, we observed more than 90%
agreement between self-report and medical record review.
Therefore, it appears that recollection bias played little influence
on our validity outcomes. Nonetheless, future research is needed
to evaluate the validity of the device by simultaneously
recording raw cough sounds and by using cough specific
measures.

Moreover, distinction between the asthma and nonasthma groups
was blurred because most of the asthma group did not present
active symptoms during the trial, which may account for the
device’s poor sensitivity. Also, use of the small and convenient
sample of adolescents limited generalizability of the findings.
In addition, the length of the 7-day trial might not be long
enough to observe any meaningful changes in asthma symptoms,
health care utilization, or biological measures including FEV1

and FeNO. A longer observation period is warranted to assess
the extent to which the device adequately captures changes over
time in symptom patterns and other measures of asthma status.
Lastly, there were a few technical challenges and limitations to
the optimal operation of the device, which we discussed in our
earlier report [34].

Comparison With Prior Work
Several approaches have been attempted to develop technologies
to monitor symptoms objectively, particularly coughs
[45,49,50,54-58]. However, these existing approaches are
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considered unsuitable for ambulatory monitoring of symptoms
due to practical challenges, including the laborious and
time-intensive nature of processing audio data (so not fully
automated and unable to provide real-time feedback to users),
inability to monitor continuously beyond 24 hours, and the
conspicuous appearance of the systems. For instance, the
Leicester Cough Monitor [54,59,60] uses a similar sound
recognition technical approach to that of ADAM. Unlike
ADAM, in the Leicester Cough Monitor, the ambulatory
component of the system consists strictly of an audio recorder
and audio analysis is performed offline, which can take
approximately 1 hour to process a 24-hour audio recording.
This differs fundamentally from ADAM in which all of the
processing/annotation of audio data are performed instantly on
the mobile device and the results (cough counts) are provided
as feedback in real time. Other cough detection systems [61]
are not intended for ambulatory use or have yet to be validated
in vivo for an extended observation period. In that sense, ADAM
is the first ambulatory cough-monitoring device on a consumer
mobile system with a capacity to fully automatize continuous
real-time processing. This is also the first attempt to evaluate
the validity of a cough detection device as a
symptom-monitoring tool for several consecutive days in
adolescents with asthma. Using a popular mobile device, such
as iPod, as a platform for ADAM was well received by
adolescents with asthma [34] and the majority of participants
used the device daily for a week or longer period supporting
ADAM as a sustainable asthma-monitoring tool for adolescents.

Conclusions
Overall, this study demonstrated the validity of ADAM as a
symptom-monitoring device in teens with a confirmed asthma
diagnosis. Poorly controlled asthma takes a toll on teens’overall
health and quality of life as well as on the health care system
due to an increased economic burden associated with the use
of urgent types of health care services. ADAM can potentially
mitigate the adverse consequences by helping users detect and
treat early symptoms before advancing to a poorly controlled
state. The device is useful in increasing understanding about
one’s current status of asthma control and in predicting asthma
morbidity and quality of life for the near future. Such
information can make the users become aware of symptoms
and triggers and enable them to take appropriate and timely
actions to address symptoms or prevent further deterioration of
their symptoms. Objective symptom information from the device
would be clinically useful in establishing optimum treatment
plans and evaluating treatment effects. ADAM can be
particularly useful and effective in monitoring symptoms
occurring at night when environmental noises are minimal.
Nighttime coughs were more common than wheezing [62] and
worsening of asthma symptoms often occurs during nighttime
[63]. As such, nighttime symptoms are often indicative of poorly
controlled asthma [31,64], but patients often do not recognize
or tend to neglect to report nighttime symptoms [65-68]. ADAM
can be an invaluable tool that monitors nighttime symptoms,
which would provide important clinical insight into the degree
of symptom control and the response to asthma treatment.

Nonetheless, we caution that the device should not be considered
as a diagnostic tool and its application to a broader age range

remains to be evaluated. Although we suggest coughing as an
important indicator of asthma morbidity, understanding the
symptom in the context of other information, such as activity
level and medication use, can potentially augment its clinical
value and relevance. Originally, ADAM was designed to
monitor symptoms and activity levels simultaneously
capitalizing on the host system’s (iPod) built-in accelerometer
to offer an insight into the nature of the relationships between
symptoms and activity levels (eg, exercise-induced asthma).
However, continuously recording and processing sounds and
activity simultaneously quickly drained the platform battery,
posing challenges for long-term uninterrupted sound processing.
More study is needed to reassess the feasibility of concurrent
operation of these 2 applications with optimized code and
application power management. ADAM also allowed users to
record the use of medications throughout the day to help them
systemically review changes in symptom patterns in relation to
medication use. This can motivate users’adherence to treatment
plans (when they noted symptom reduction after medication)
or inform users or providers of the need for adjusting current
medication or dosage (when no relief from symptom was
achieved after medication). A clinical trial is needed to examine
the effects of the device’s medication tracking function on users’
medication adherence.

ADAM represents an important undertaking in the field of
mobile health (mHealth) that has exploded in the past decade
to improve health outcomes and patients’ self-management
capacity [69-71]. The application of mobile technologies in
daily assessment of asthma symptoms can be a particularly
attractive option for adolescents. Yet to be determined is the
extent to which the appeal of mobile technology can translate
into better symptom monitoring, awareness, and
self-management behaviors, which ultimately leads to improved
asthma outcomes.

Potential Clinical Application of ADAM: Sample Case
Scenario
The following sample clinical scenario demonstrates the
potential application of ADAM in clinical practice:

JD is a 16-year-old boy with moderate persistent
asthma and a history of several emergency visits for
asthma each year. His provider had prescribed a
daily controller medication for him, but he rarely uses
it because he has not perceived any significant benefit.
He reports not sleeping well, which causes him to feel
poorly rested in the morning. He relies heavily on
albuterol with several self-administered doses each
day. After a discussion with his provider, JD agreed
to use ADAM for a month. At a follow-up visit, the
provider and JD reviewed the symptom pattern
displayed on the screen of the mobile phone monitor.
Data from the device revealed significant coughs,
predominantly at night, which JD was unaware. After
discussing the results, JD agreed to use the controller
medication daily to see if the symptoms improved.
After 1 month, JD repeated his symptom monitoring
with ADAM and discovered his coughing events were
significantly decreased compared to the prior
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monitoring period. In addition, JD was alerted by
ADAM when his symptoms became out of control,
which allowed him to take precautions and closely
follow his asthma action plan. He agreed to continue

to use the controller medication for another 2 months
and to use ADAM intermittently to help track his
symptoms.
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Abstract

The increasing emergence and spread of antimicrobial resistance (AMR) is a serious public health issue. Increasing the awareness
of the general public about appropriate antibiotic use is a key factor for combating this issue. Several public media campaigns
worldwide have been launched; however, such campaigns can be costly and the outcomes are variable and difficult to assess.
Social media platforms, including Twitter, Facebook, and YouTube, are now frequently utilized to address health-related issues.
In many geographical locations, such as the countries of the Gulf Cooperation Council (GCC) States (Saudi Arabia, United Arab
Emirates, Kuwait, Oman, Qatar, and Bahrain), these platforms are becoming increasingly popular. The socioeconomic status of
the GCC states and their reliable communication and networking infrastructure has allowed the penetration and scalability of
these platforms in the region. This might explain why the Saudi Ministry of Health is using social media platforms alongside
various other media platforms in a large-scale public awareness campaign to educate at-risk communities about the recently
emerged Middle East respiratory syndrome coronavirus (MERS-CoV). This paper discusses the potential for using social media
tools as cost-efficient and mass education platforms to raise awareness of appropriate antibiotic use in the general public and in
the medical communities of the Arabian Peninsula.

(J Med Internet Res 2015;17(10):e233)   doi:10.2196/jmir.3891
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Introduction

Antibiotic resistance has become a severe public health threat
worldwide, including in the Gulf Cooperation Council (GCC)
states [1]. Hence, various initiatives across the globe have been
launched to combat this issue. In 2011, the World Health
Organization (WHO) themed its annual day to address this issue
with the slogan “No action today, no cure tomorrow” and listed
the actions to be undertaken. These actions included providing
education to achieve effective antibiotic use [2]. Antibiotic
misuse, such as demanding unneeded antibiotics, purchasing
antibiotics over-the-counter without a prescription, and not
completing a course of antibiotics, is associated with the
emergence and selection of antibiotic-resistant bacteria [3].
Nosocomial infections caused by antibiotic-resistant pathogens
are significantly associated with an increased length of hospital
stay and increased cost [4].

European surveys have shown that the general public still
misunderstands the function and correct use of antibiotics [5,6].
On many occasions, the WHO has highlighted the importance
of involving the general public alongside health care
professionals for combating the emergence of antimicrobial
resistance (AMR) [7,8]. To alleviate the public’s lack of
cognizance about AMR, various countries in Europe [7,9], as
well as the United States [10] and other countries, have initiated
public campaigns to raise awareness about the appropriate use
of antibiotics.

Considering Saudi Arabia and other Gulf countries, various
studies have addressed the issue of antibiotic misuse in hospital
settings and the easy over-the-counter access to prescription
antibiotics. For example, antibiotic use in intensive care units
(ICUs) in Saudi Arabia has been found to be 10 times greater
than that in the United States and some European countries
[1,11-13]. This issue also extends to the wider GCC community.
A Saudi study found that 77.6% of pharmacies dispensed
antibiotics without a prescription primarily to treat scenarios
consistent with viral infections [14], whereas 68.4% of
antibiotics from Abu Dhabi pharmacies were sold
over-the-counter [15], suggesting lack of antibiotics knowledge
[16].

These examples of antibiotics misuse and others suggest the
urgent need for a public campaign in Saudi Arabia and beyond
to provide greater education on the proper use of antibiotics
along with the concept of reserving antibiotics for use only
when they are truly needed. In April 2015, the GCC Center for
Infection Control released the multilevel GCC Strategic Plan
for Combating Antimicrobial Resistance, which sets the
framework for the regional and national plans [17]. One of the
5 strategic roadmaps addressed is the importance of preserving
and restricting the available antimicrobial agents for human use.
Interventional methods include educating antibiotic prescribers,
patients, and the general public on the importance of appropriate
antimicrobials use and basic infection prevention and control
(eg, immunization and hygiene) [17].

Social media platforms are being widely used for health
promotion advocates and to endorse traditional awareness
campaigns. They have unique characteristics for sharing open
access information, providing a platform for dynamic
conversations with communities and social groups, and keeping
users connected with their topics of interest [18]. They have
been used to raise awareness for obesity, diabetes [19], and
adolescent dating violence [20]. As an outreach effort, the
European Antibiotic Awareness Day released a toolkit to advise
on how to engage in social media activities promoting prudent
antibiotic use [18]. Information provided in the toolkit relates
to European countries and may not fully apply to the GCC states.

In this paper, we discuss the planning, setup, and potential
effectiveness of developing a mass education campaign via
social media platforms to raise general public and medical
awareness of appropriate antibiotic usage in the GCC states.

The Influence of Educational Campaigns on Antibiotic
Use and Antibiotic Resistance
Before initiating an educational media campaign, it is important
to review the effectiveness of previous initiatives that were
developed and launched in other parts of the world to raise
awareness and provide guidance on responsible antibiotic use
(Table 1).
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Table 1. Summary of selected antibiotic awareness campaigns worldwide.

Reduction rateTarget audienceMethod usedDurationSite (country)Name

36% reduction in outpatient
antibiotic use per 1000 inhab-
itants per day during winter
season

Belgian communityMultimedia campaigns, nation-
al campaigns, publication of
clinical practice guidelines,
support for the establishment
of antibiotic management teams
(AMTs)

Launched in
1999-present

BelgiumBelgian Antibiotic Poli-
cy Coordinating Com-
mittee (BAPCOC ) es-
tablishment [21]

26.5% reduction of antibiot-
ic prescriptions per 100 in-
habitants during winter sea-
son over a 5-year period

General public and
health care profession-
als

Mass media campaigns, one-
on-one physician education
sessions

2001-2007All 22 regions
across France

“Les antibiotiques c’est
pas automatique” (“An-
tibiotics are not automat-
ic”); part of the national
campaign “Keep antibi-
otics working” [22]

Unknown as yetAll AustraliansFacebook, Twitter, online
pledging

2012-presentAustraliaAntibiotics Awareness
Week [23]

4.3% reduction in defined
daily doses of prescribed
antibiotics in intervention
group

General publicBrochures, posters, local media
advertisements, and visual aids

November 2011-
Februrary 2012

Emilia-Ro-
magna region
(Northern Italy)

Local low-cost informa-
tion campaign [9]

No improvement observed
in postsurvey of public’s
understanding

General publicPosters displayed in magazines
and newspapers

2008England and
Scotland

English public antibiot-
ic campaigns [7]

Not assessedJunior and senior
school students

Website-based gamesLaunched in
2006-present

European coun-
tries and Saudi
Arabia

e-Bug [24]

Data from Belgium and France have also revealed a reduction
in the misuse of antibiotics after educational interventions. A
decrease of 26.5% in antibiotic prescriptions was observed in
France between 2002 and 2007 compared with the
preintervention period (2000-2002), with the largest reduction
observed in children [22]. A 36% reduction in antibiotic
prescriptions was also observed in Belgium from 1999-2000 to
2006-2007 [21]. Both countries also reported a decrease in the
incidence of infection with invasive penicillin- and
macrolide-resistant Streptococcus pneumoniae. It was noted
that the decrease in Belgium occurred before the wider use of
the pneumococcal conjugate vaccine (PCV7), indicating that
the vaccine did not contribute to this initial reduction in the
incidence of infection with invasive penicillin-resistant
pneumococci [5,6]. These data suggest the effectiveness of
antibiotic awareness media campaigns in decreasing the use of
antibiotics and hence in reducing the impact of antibiotic
resistance.

Recently, Formoso et al [9] reported the effectiveness of a
low-cost media campaign on antibiotic use in an Italian province
that lasted for 5 months during the cold season. The intervention
materials included visual aids, such as posters, brochures, and
advertisements, which were used in the local media. The key
messages of the campaign were codesigned by a physician
practicing in the intervention area. Antibiotic prescriptions were
significantly reduced by 4.3% in the intervention area compared
with the control area. However, the general population’s
knowledge and attitudes about antibiotic resistance were not
changed by the campaign [9].

In 2008, antibiotic awareness campaigns were carried out in
England and Scotland by broadcasting key messages in

advertising published in magazines and newspapers.
Unfortunately, the campaign did not show any positive effects
in either England or Scotland. No improvement was observed
in the general public’s understanding of antibiotic misuse to
treat coughs and colds despite the fact that in 2009 more public
respondents agreed that “resistance to antibiotics is a problem
in British hospitals” than in 2008 [7]. In fact, this is not the only
documented failure of antibiotic awareness campaigns. Huttner
et al [5] reviewed 22 campaigns launched in high-income
countries between 1990 and 2007. At least 3 of these campaigns
failed and the effect of 3 others is unknown because of a lack
of follow-up assessment on antibiotic use [5].

The e-Bug project is an example of an innovative approach to
raise awareness about microbes and infection prevention. The
aim of the e-Bug project is to disseminate educational materials
about microbes (both beneficial and pathogenic) to junior and
senior school students across Europe. The project relies on
website-based gaming and entertainment-based lessons [24].
The e-Bug project now has partners in 26 different European
countries, as well as Saudi Arabia, providing educational
materials in different European languages and in Arabic [25].
On May 2015, the e-Bug website had a total of 17,391 visitors
and the Saudi Arabian site had 76 visitors in total [26]. The
impact of the e-Bug project is not clear because no evaluation
of its implementation and impact on behavioral changes in
targeted groups was ever performed [24].

Various factors have been suggested to be necessary to achieve
success in antibiotic awareness campaigns. These include
carefully designing key messages that are clear and simple,
targeting both general public individuals and clinicians, and
using television and radio [6,7]. Moreover, motivating
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physicians to be involved in communicating with patients about
the appropriate use of antibiotics and antibiotic resistance is
also important [7]. Physicians’ participation in developing
campaign messages and communicating with the general public
might significantly improve the chances of success. Early
engagement can also have an impact on the sense of ownership
of the campaign and facilitate physicians’ consistent support
[27]. This may indirectly influence physicians, focusing their
attention on antibiotic prescribing and providing greater patient
education.

Variable Sociological Factors
Awareness messages that display local surveillance data or
amount of antibiotics locally misused may be important. Sharing
with the general public the real-life experiences of individuals
who have been infected with “superbugs” could be useful and
may help the audience identify with those affected. Sharing
real-life medical experience has been shown to be a useful
communication platform from which to clarify public
health-related stories, such as acne and cancer [28,29].
Considering these factors when designing awareness campaigns
about antibiotics may help make an impact in GCC
communities. Based on the Health Belief Model, perceived
susceptibility (ie, you are at risk of getting infected) can be used
to raise awareness [30,31]. However, delivering known
messages to the target audience might result in a loss of interest
and later disengagement. Educational interventions would be
more successful if local contexts and barriers are adequately
analyzed and addressed.

Replicating campaign strategies that have been initiated in
different global regions outside the GCC region might not result
in an effective outcome. It is crucially important to study the
cultural factors and antibiotic distribution infrastructure in the
GCC before thinking about the awareness messages. For
example, the United States’ Get Smart campaign [32] highly
recommends that parents do not demand antibiotics for their
children from the treating physician. We do not believe that this
message line will be as effective as it might be in the United
States because antibiotics can be purchased without a
prescription from community pharmacies; therefore, a doctor’s
refusal might not make a difference. Approximately 37% of the
total population of the GCC states consists of nonnational
expatriates [33]; hence, it is important to consider cultural
differences and not to neglect this segment when setting up a
public awareness campaign. For example, the Saudi Ministry
of Health has generated educational materials in multiple
languages to fulfill this requirement [34].

Community pharmacies have a significant role in dispensing
antibiotics in GCC communities. For example, 24.4% of 1645
recently surveyed antibiotic transactions in community
pharmacies in Abu Dhabi were carried out without a
prescription, including amoxicillin-clavulanic acid for sore
throats and ceftriaxone for sexually transmitted infections [35].
The illegal practice of selling antibiotics over-the-counter,
without a prescription, did not favor expatriates over citizens
in the surveyed pharmacies in Abu Dhabi [15].

The self-prescription of antibiotics is another sociological factor
that must be considered when designing antibiotic awareness

campaigns in the GCC states [36,37]. This factor is strongly
associated with the availability of antibiotics over-the-counter.

Before creating content to be used for awareness campaigns, it
is necessary to conduct formative research to assess the public’s
existing knowledge of antibiotics resistance, understand the
motivations for inappropriate antibiotics use, and learn about
the social and cultural backgrounds for the targeted population.
That will subsequently help to develop tailored key messages
that can potentially encourage behavioral change [30]. Knowing
these critical elements has lead to the success of many awareness
campaigns, such as The Magic Glasses video to prevent
soil-transmitted helminthes in China [31,38]. On the other hand,
content produced for social media-based campaigns can be
unrelated to the campaign’s target. For example, it was found
that the majority of Movember campaign-related tweets did not
associate with prostatic and testicular cancer awareness [39],
and the majority of tweets produced during breast cancer
awareness week did not promote any specific preventive
behaviors [40]. Despite the importance of developing related
content, research into the correlation between social media-based
awareness campaigns and behavior change is minimal because
it is a new avenue in public health awareness [41].

Social media platforms can also contain contradictory health
messages with potentially negative impact. Because social media
platforms give users the freedom to publish their content, some
of that content can contain medically misleading information,
as found in YouTube videos promoting anorexia [42].

Funding
Funding is an important factor that may significantly affect a
campaign’s functionality and outcome. A systematic review of
more than 20 international campaigns aimed at raising awareness
of antibiotic use showed that these campaigns sourced their
funding from different sectors, including the pharmaceutical
industry [6]. The funding spent by pharmaceutical companies
on promoting and marketing antibiotics is massive. For example,
in 1998, it was estimated that pharmaceutical companies in the
United States spent approximately US $1.6 billion to promote
antibiotics [43]. On the other hand, media campaigns that
encourage the prudent use of antibiotics are not widely supported
[6]. Government funding is important. Because antibiotic
awareness campaigns might translate into wiser use of
antibiotics and potentially lead to a reduced selection of resistant
bacteria, public funding should be offered to support awareness
campaigns.

The cost of running a traditional mass media campaign to
promote prudent antibiotic use in the community can be very
expensive. For example, developing and conducting the French
antibiotic awareness campaign carried out from 2002 to 2007
cost approximately €500 million over a 6-year period [44],
whereas the Belgian campaign cost considerably less at
approximately €400,000 per year [21]. The “Get Smart
Colorado” campaign, which took place for 4 months in 2002,
reported a cost of US $88,500 to purchase advertising space
that included bus tails, bus stop posters, interior bus signs, and
national public radio spots [10]. Similarly, the recent Italian
campaign in 2013 cost approximately US $60,800 for purchasing
media spots on television and radio, and in newspapers.
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Approximately the same cost was spent to develop and print
written visual aid materials, such as posters [9].

Considering social media platforms are free, establishing a
social media-based campaign may be far cheaper than traditional
media-based campaigns. However, in order to maintain
continuous cyber presence and followers scalability, social
media managers are usually hired [45], which can be an
additional cost burden on social media-based campaigns. The
key advantage of social media is the possibility to measure and
track impressions and responses to online posts. These data can
be used to guide social media campaigns to improve marketing
strategy. However, platforms available to analyze big data
generated from social media can be costly and may require
technical expertise.

Time
Repeating the educational intervention over a long period of
time is essential for the awareness success of mass media
campaigns. Repetition over a long period of time has been
demonstrated for causes such as smoking cessation and has
helped achieve effectiveness [46]. The vast majority of antibiotic
awareness campaigns launched in high-income countries
between 1990 and 2007 were conducted over a period of more
than 1 year [6]. Other campaigns, such as European Antibiotic
Awareness Day (on November 18 each year) [47], are seasonal
and have a long-term sustainable plan. However, the “Get Smart
Colorado” campaign, which lasted for only 4 months,
successfully showed a 3.8% net reduction in antibiotic
dispensing at retail pharmacies as well as an 8.8% net decrease
in managed care-associated antibiotic dispensing [10].

The ease of using social media, along with the indirect
community contribution via “share” and “retweet” features,
might provide long-term exposure and awareness messages to
the wider general public. However, it is important to consider
the temporal effect of social media feeds due to their short
lifespan. It was found that the half-life of a tweet is
approximately 24 minutes, whereas the half-life of Facebook
posts is approximately 90 minutes [48]. A hashtag is a keyword
preceded by a hash sign (#) that is used to identify and
categorize messages on a specific topic, which can give the
topic a longer lifespan in social media [49,50]. Keeping the
audience engaged and interested in the topic is another important
consideration. This might be achieved by ensuring that the key
messages and materials are not overrepeated throughout the
campaign’s duration. Updating campaign materials with new
and relevant data might keep the audience more engaged and
keen to receive updated educational materials. Lastly, the time
chosen to post the social media message can be critical for the
lifespan of social media posts [51].

The Value of Social Media Platforms to Communities
in the Gulf Cooperation Council States
The total number of users of the social networking website
Facebook in the Arab world (22 countries) had grown to
54,552,875 by the end of May 2013; 33.4% of users are female
and 68% are younger than 30 years [52]. Facebook users in the
GCC states represent approximately 22% (12 million) of the
total Facebook users in the Arab world [52] (Table 2).

Table 2. The use of Internet and social media platforms in the GCC states.

Twitter users (million),d n (%)Facebook users (million),c n (%)

Internet users (million),

n (%)bPopulation (million)aCountry

1.9 (6.7)6.4 (22.5)13.0 (45.8)28.4Saudi Arabia

0.4 (4.8)3.4 (41.7)5.7 (71.0)8.3United Arab Emirates

0.2 (7.3)0.8 (26.8)2.0 (63.2)3.1Kuwait

0.1 (5.6)0.3 (25.1)1.0 (80.0)1.2Bahrain

0.1 (4.4)0.6 (34.4)1.7 (99.9)1.7Qatar

0.04 (1.2)0.5 (16.4)2.1 (63.6)3.3Oman

a Population figures obtained from [53].
b Internet user figures obtained from [54].
c Facebook user figures obtained from [52].
d Twitter user figures obtained from [55].

For the microblogging website Twitter, the number of active
users in the Arab world reached 3,766,160 individuals as of
March 2013, with an estimated 10,832,000 tweets per day. Saudi
Arabia has the highest number of active Twitter users in the
Arab world, with 1.9 million individuals, which is approximately
50% of the total Twitter users in the Arab region. Approximately
47% and 11% of the total tweets in the Arab world are generated
from Saudi Arabia and United Arab Emirates, respectively.

The video-sharing website YouTube is also a popular media
platform in the GCC, particularly in Saudi Arabia. As an update
to research conducted by Forbes Middle East, we present data
from selected local GCC talk shows on YouTube (Table 3). It
is clear that these shows attract many viewers, although some
shows from Saudi Arabia receive the most attention. This
audience would make these shows an excellent platform for
delivering awareness messages to a larger number of viewers.
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Table 3. The popularity of selected YouTube-based shows in the GCC states.

Average views per

episodeaTotal viewsaSubscribersaEpisodesaLaunch dateOriginName of show

3,137,875197,686,1281,714,69963Feb 2011Saudi ArabiaEyshElly

1,365,02961,462,338810,11945Sep 2010Saudi Arabia3al6ayer

2,208,72372,887,865649,46533Sep 2010Saudi Arabia

847750,8642156Jul 2013OmanEndam Cinema

74,781972,165668613Jun 2012United Arab
Emirates

Balalee6

190,963954,81510,1335May 2012United Arab
Emirates

149,5598,076,19367,47754Jan 2012Kuwaitshenoya3nitv

NA2,973,37617,7591May 2014Saudi ArabiaHow to Prevent from
Corona

a The figures were obtained from YouTube channels on November 15, 2013.

Examples of Saudi Public Health Awareness Messages
Delivered Through Social Media Platforms
Owing to its high profile and popularity among Internet users
in the GCC region, YouTube has often been used in Saudi
Arabia as a platform to deliver public health–related awareness
messages and campaigns (Table 4). We have noticed 2 different
models for delivering health-related topics on YouTube in Saudi

Arabia. One model was noticed in many campaigns that used
comedy talk shows with large audience as a platform to deliver
the awareness messages. With the help of other social media
platforms, such as Facebook and Twitter, these messages have
traveled far and wide, attracting a large number of viewers. For
example, a Saudi-based comedy show named “Fe2aFala”
released an episode about acquired immune deficiency syndrome
(AIDS) and this episode attracted over 1 million viewers.

Table 4. Health messages delivered through Saudi YouTube-based shows.a

Channel subscribersNumber of viewersAwareness aboutTypeShow/channel name

14,8213,288,241bPhosphine gasSpecial episodePhosphine

807,5612,583,534Health promotionSpecial showLumink

296,5631,489,802Breast cancerSpecial episodeTelfaz11

351,9071,139,948AIDSSpecial episodeFe2aFala

29,3731,292,959Dental careEntire showSen_tube

51,7461,097,713Obesity and well-beingEntire show3almezan

81,725455,485DiabetesSpecial episodeHotcoldshow

93788,703Health promotionEntire showMedScoope

a The figures were obtained by accessing the YouTube channels on the March 4, 2014.
b This number of views was achieved within only 3 days of uploading the video on YouTube.

Another model is to use YouTube as a channel similar to
traditional mass media to distribute health awareness messages.
For example, in June 2014, the Saudi Arabia Ministry of Health
launched an engaging public awareness campaign using
YouTube, Twitter, Facebook, educational posters, and health
guideline updates to educate the general public and medical
communities on the emergence of, and health precautions needed
for, MERS-CoV [34]. In this example, social media platforms
may have been used to create online presence to endorse
awareness messages delivered locally on traditional media. It
must be noted that the incidence rate of MERS-CoV has
declined [56] with the multi-faceted intervention, which social
media has been a part of.

Publishing awareness content on social media might allow
international distribution and an indefinite exposure period.
However, in order to potentiate the effectiveness of a YouTube
video, additional advertising strategies must take place. Table
4 summarizes some of the campaigns that have used YouTube
shows to deliver public health awareness in Saudi Arabia and
have attracted a high number of views.

Our Pilot Experience
Many health care facilities and organizations have started using
Twitter as a teaching tool; for example, “tweeting” about
specific health problems has been used by major organizations
such as the Centers for Disease Control and Prevention (CDC),
WHO, the National Cancer Institute (NCI), and the National
Institutes of Health (NIH). “Tweets” go out from a sender and
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are simultaneously received by all members of a group of
“followers,” providing a fast, open, and easy way to deliver a
particular focused message.

We used Twitter in our online Arabic-language pilot campaign
focusing on superbugs using a hashtag. We delivered short
tweets and links to various articles and videos related to
superbugs. We also translated multiple non-Arabic research
articles and news for our more than 34,000 followers, who were
primarily from Saudi Arabia and the surrounding areas. This
medium gave us the ability to have a real-time conversation by
answering their questions and concerns about the topic. To track
our efforts, we regularly reviewed the number of followers,
updates, retweets, and “mentions” in Twitter. Many evaluation
metrics for Twitter can be collected. We evaluated our Twitter
pilot study by analyzing the influence of some of our tweets.
We kept track of how many of our “followers” published
updates including “retweets” or “at replies” over time. A simple
analysis of 147 selected tweets with the Arabic superbug hashtag
resulted in approximately 4100 retweets between July and
November 2013. This information does not tell us which of the
tweets encouraged followers to go on to read the full article or
watch the video, but it does give us useful information on
general interest levels.

We created a whiteboard animation with a voiceover video [57]
that discussed the importance of antibiotics, how superbugs are
created, and the spread of superbugs in the GCC. We also
discussed possible factors that could contribute to the emergence
and spread of superbugs in addition to advice on how to control
superbugs as reviewed previously [1].

Interestingly, the number of retweets that we received from our
superbugs hashtag correlated with the number of YouTube
views that we recorded for our video. The video viewing pattern
as determined by YouTube was as expected: there were a large
number of views soon after the video was posted and released
on Twitter, and there were fewer views from 3 weeks later until
the present day. We observed 2 large peaks in viewing rates
within the first 2 weeks of the video being released. We believe

the first one was due to our successful Twitter activities. We
are unclear about what caused the second and largest jump in
YouTube views. It is possible that the video was picked up by
another group and spread on Twitter again (Figure 1).

We also observed sporadic smaller peaks in YouTube views
from 3 weeks onward. These numbers suggest that the video
was still drawing attention and being shared, most likely on
social media, even months after being posted.

Our viewer retention rate was consistent with what YouTube
estimates to be the average retention rate for videos of a similar
length—approximately half of the video. This rate suggests that
the length of our video—5.5 minutes—is adequate to capture
the viewers’ attention.

Subsequently, we created an infographic video uploaded on
YouTube [58] that combined a selection of our tweets with
visual and audio enhancement. The tweet that featured the video
received 152 retweets and 130 favorites, and the video was
viewed more than 3000 times in only 2 weeks (Figure 2).

The content generated for our pilot campaign was primarily
dependent on our existing knowledge of antibiotic misuse in
Saudi Arabia and neighboring states as previously reviewed
[1,14-16,35-37]. We acknowledge the limitations of our pilot
campaign resulting from the lack of formative research, its
Arabic content, and reliance on social media. In order to achieve
prospective behavioral change, it is important to understand the
motivation for antibiotic misuse in the general public. Future
research should conduct a thorough survey, interviews, and
observations to cover the diverse population of the GCC states.
This will help us design relevant key messages to be used in
future awareness campaigns. The diverse ethnic groups and
socioeconomic status of people in the Gulf States should also
be considered in future campaigns because more languages and
media platforms might need to be used. Relying solely on a
social media platform in an awareness campaign might overlook
the large population of migrant workers in the GCC who might
not have access to social media platforms.
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Figure 1. YouTube views over a period of 84 days for the whiteboard animated and voiceover video about superbugs and proper antibiotics use.

Figure 2. YouTube views over a period of 20 days for the infographic video.

Conclusion
Reducing the suboptimal use of antibiotics among the general
public and medical community through awareness activities is
an important element in national plans to combat rising AMR.

However, it is important to create awareness content that is
related to the target audience and based on formative research.
Social media platforms seem to be a valuable platform for
delivering awareness messages. Owing to social media
popularity, awareness messages could reach a large number of
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users and the reach can be tracked. Through our pilot experience
we have successfully distributed antibiotics awareness messages
through Twitter and YouTube to our target audience in the Gulf
counties and Saudi Arabia. The use of social media can also
enhance awareness campaigns delivered in traditional media
channels. However, it is important to consider the cultural
demographic diversity, which could limit the reach of awareness
massages, such as the high population of immigrant workers in

the GCC who might not have access to these emerging social
media platforms. Social media–based messages can also have
short life span, which might limit the effect and reach of key
awareness messages. Measuring the impact of the social
media–based awareness campaigns on the general public’s
understanding and behavioral change is a challenge and needs
further research.
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Abstract

Background: Quit attempters often have episodes of smoking relapse before they eventually quit. Interactive text messaging
through mobile phones has been shown to increase abstinence. This service can be potentially applied on the platform of a social
networking service to help quitters maintain abstinence.

Objective: Our aim was to determine if the group discussion and reminders via the WhatsApp or Facebook social group were
effective to prevent smoking relapse in quitters who had stopped smoking recently.

Methods: This was a single-blinded, parallel, 3-arm pilot cluster randomized controlled trial allocating recent quitters, who had
completed an 8-week treatment and reported abstinence for at least 7 days, to WhatsApp (n=42), Facebook (n=40), and a control
group (n=54). The 2 intervention groups participated in a 2-month online group discussion with either WhatsApp or Facebook
moderated by a trained smoking cessation counselor and received a self-help booklet on smoking cessation. The control group
only received the booklet. The primary outcome was the 2- and 6-month relapse rates, defined as the proportion of participants
who smoked at least 5 cigarettes in 3 consecutive days.

Results: Fewer participants in the WhatsApp group (17%, 7/42) reported relapse than the control group (42.6%, 23/54) at
2-month (OR 0.27, 95% CI 0.10-0.71) and 6-month (40.5%, 17/42 vs 61.1%, 33/54; OR 0.43, 95% CI 0.19-0.99) follow-ups.
The Facebook group (30.0%, 12/40) had an insignificantly lower relapse rate than the control group (42.6%, 23/54) at 2-month
(OR 0.58, 95% CI 0.24-1.37) and 6-month (52.5%, 13/40 vs 61.1%, 33/54; OR 0.70, 95% CI 0.31-1.61) follow-ups. The WhatsApp
social groups had more moderators’ posts (median 60, IQR 25 vs median 32, IQR 7; P=.05) and participants’ posts (median 35,
IQR 50 vs median 6, IQR 9; P=.07) than their Facebook counterparts, but the difference was insignificant.

Conclusions: The intervention via the WhatsApp social group was effective in reducing relapse probably because of enhanced
discussion and social support. Inactive discussion in the Facebook social group might have attributed to the lower effectiveness.

ClinicalTrial: Clinicaltrials.gov NCT02007369; https://clinicaltrials.gov/show/NCT02007369 (Archived by WebCite® at
http://www.webcitation.org/6c3RbltQG)

(J Med Internet Res 2015;17(10):e238)   doi:10.2196/jmir.4829
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Introduction

The World Health Organization’s MPOWER measures includes
“offer help to quit tobacco use” as one of 6 effective tobacco
control strategies [1]. Despite the availability of medication and
counseling services, quit attempters often have smoking “slips”
(ie, one or a few puffs) or relapses before sustaining longer
abstinence [2]. Quitters who quit smoking recently have to
manage nicotine withdrawal symptoms and smoking cues in
their daily environment. Approximately one-third of quitters
relapse smoking 3 months after completing smoking cessation
treatment and this proportion is 50% for those who quit for a
week or less [3]. A US longitudinal study of smokers who
received smoking cessation pharmacotherapies in primary care
clinics found that approximately 80% relapsed smoking within
a year after the treatment [4].

A meta-analysis of relapse prevention interventions showed
that smoking cessation drugs to reduce nicotine cravings and
withdrawal symptoms, such as bupropion (pooled OR 1.49,
95% CI 1.10-2.01) and nicotine replacement therapy (NRT)
(pooled OR 1.33, 95% CI 1.08-1.63) were effective in
preventing smoking relapse for at least 12 months [5]. However,
the prevalence of use was low [6] and the compliance was poor
(ie, use for less than 8 weeks) [7]. Previous randomized
controlled trials (RCTs) using individual counseling or self-help
written materials had inadequate sample size to support the
effectiveness of relapse prevention [8]. Group counseling was
effective for preventing relapse in the short term (eg, 3 months)
(pooled OR 2.55, 95% CI 1.58-4.11), but the effect dissipated
at long-term follow-up [5]. The limited effect might be explained
by only a few face-to-face group sessions [9-11], which failed
to offer instant and continuing support for recent quitters to
manage craving or smoking cues.

Mobile phone-based interventions are potentially effective to
support recent quitters to quit [12,13] and prevent relapse
[14,15]. In Hong Kong, with approximately 7 million residents,
there are more than 17 million subscribers to mobile phone
services and more than 12 million of them are 2.5G/3G/4G
subscribers with mobile Internet services [16]. Because Internet
access with mobile phones has become popular, interventions
via social networking services to support health-related behavior
change have been examined for weight control and increasing
physical activity [17]. A systematic review showed that such
interventions have small to moderate effect size (-0.05 to 0.84),
with only 2 of 7 studies showing statistically significant effects
[17]. A few exploratory studies showed that a social networking
service enabled reaching a sizable number of smokers in the
community and increased peer interaction [18-21]. It can be a
platform for smokers who seek immediate assistance and
professional advice when they need it [22].

In this pilot RCT, we tested the effectiveness of a relapse
prevention intervention using WhatsApp and Facebook, 2
common mobile phone apps in Hong Kong, to reduce smoking

relapse in recent quitters who had just completed treatment at
smoking cessation clinics.

Methods

Trial Design
The pilot single-blinded, pragmatic, parallel 3-armed cluster
RCT compared the relapse rate at 2- and 6-month follow-ups
between recent quitters who participated in group discussion
and received reminders (group A: WhatsApp; group B:
Facebook) and those who did not (group C: control; allocation
ratio 1:1:1). The study was approved by the Institutional Review
Board of the University of Hong Kong / Hong Kong Authority
Hong Kong West Cluster (IRB reference no: UW-13-528).

Participants
All participants were clients of the Tung Wah Group of
Hospitals Integrated Centre of Smoking Cessation (ICSC) in
China Hong Kong, which provides 8-week free treatment,
including counseling, telephone follow-ups, physicians’
assessment, and prescription of free NRT or varenicline (a
smoking cessation drug to relieve cravings while blocking the
reinforcing effects of nicotine) [23]. At 8-week follow-up during
telephone or face-to-face counseling, clients were asked by the
ICSC counselors if they had quit. Self-reported quitters were
then screened with the criteria for eligibility, including (1) daily
smoker at first entry to the ICSC, (2) aged 18 years or older,
(3) received 3 to 8 smoking cessation counseling sessions
provided by the ICSC, (4) reported tobacco abstinence for at
least 7 days, (5) able to communicate in Cantonese and read
and write Chinese, (6) had a mobile phone through a local
network, and (7) were able to access the Internet by mobile
phone. Clients were excluded who had unstable psychological
conditions as advised by physicians, possible alcohol
dependence as measured by the Alcohol Use Disorders
Identification Test (AUDIT) [24], or were pregnant.

Interventions
Treatment conditions for groups A and B included participation
in the WhatsApp or Facebook online social group, respectively,
and a 22-page booklet related to quitting and healthy diet. The
social group function of WhatsApp and Facebook was used as
the intervention platform because it supports a real-time sharing
of text and multimedia messages among group members. Each
social group started on the first day after each recruitment week
and closed after 2 months. Group members received 3 reminders
per week from a moderator who was a social worker or nurse
with experience in smoking cessation counseling. These
reminders, including texts, pictures, and videos, were based on
the “Treatments for the Recent Quitter” of the US Clinical
Practice Guidelines on Treating Tobacco Use and Dependence
[2], including (1) encourage to maintain abstinence, (2) remind
about the importance of remaining abstinence, (3) prevent
smoking triggers, (4) remind about the withdrawal symptoms
and lapse, (5) advise about stress and mood management, and
(6) advise about weight control (Multimedia Appendix 1). All
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moderators were provided a guideline in sending reminders,
enhancing discussion, and other tasks in the social group
(Multimedia Appendix 2).

Participants’ privacy was protected by advising them to change
the privacy setting in their WhatsApp and Facebook accounts
and setting up participation rules. Because telephone numbers
appear in the WhatsApp social groups, male and female
participants in the WhatsApp group were separated into different
social groups to avoid the possibility of misconduct or
harassment, which was a concern raised by some female
respondents in our pilot qualitative interviews. Telephone
numbers can be concealed in Facebook; therefore, sex separation
was not applied. Group C was a control group; they received
only the same self-help booklet and were advised to contact
ICSC’s counselors when they faced high-risk situations or had
smoking lapses (usual care).

Follow-Up
All participants were contacted via telephone at 2- and 6-month
follow-ups after the random group allocation. Interviewers were
blinded to the group assignment. Participants who reported
tobacco abstinence in the past 7 days were visited by trained
staff to collect their exhaled carbon monoxide (CO) and saliva
sample. The participant was given HK $100 (approximately US
$12.80) if his/her exhaled CO was less than 4 parts per million
(ppm) and salivary cotinine was less than 10 ng/mL, which
confirmed abstinence [25,26]. To minimize the incentive effect,
if any, on the validation result, the incentive was small, only
enough to compensate for travel and a little time cost. All
participants were unaware of the incentive before follow-up
and only the participants who reported abstinence were notified
of the incentive.

Outcomes
The primary outcome was self-reported relapse rate, which was
defined as the proportion of participants who self-reported
smoking at least 5 cigarettes in 3 consecutive days in the past
2 months at the 2-month follow-up [27]. Another primary
outcome was the 4-month relapse rate at 6-month follow-up.
Secondary outcomes included (1) self-reported any smoking
incidence (ie, smoking lapse), (2) self-reported smoking in the
past 7 days, and (3) biochemically validated abstinence at the
2 follow-ups.

The questionnaire also collected other smoking-related
information, including frequency of smoking urges in the past
week [28], intensity of smoking urge in the past 24 hours [29],
thinking of enjoying smoking [28], the Minnesota Nicotine
Withdrawal Scale (MNWS) [29], and the 12-item Smoking
Self-Efficacy Questionnaire (SEQ-12) [30].

Sample Size
The expected sample size was 40 for each group (ie, total sample
size=120) to generate preliminary estimates of the intervention
effectiveness. ICSC’s treatment record showed for quitters at
the RCT enrollment, approximately one-third reported a
smoking relapse at 6-month follow-up. Assuming the quit rate
of group C was 33.3% and the effect size of the primary outcome
between groups A/B and C was 1.5, the estimated relapse rates

for groups A/B and C were approximately 22% and 33%,
respectively. The power for detecting this difference in 120
participants using the Fisher exact test is 22%, suggesting we
might wrongly accept the null hypothesis (ie, no difference
between groups A/B and C).

Randomization
Cluster randomization was used to allocate all participants
recruited in a particular week to one RCT group. This
randomization could allocate a sufficient number of participants
in a social group each week and the selection bias due to
recruitment week was unlikely. The estimated recruitment period
was 9 weeks and each week was randomized to group A, B,
and C using numbers generated on a website for generating
random variables (RANDOM.ORG) by one of the authors
(CYTD). After the 9-week recruitment, the number of
participants in groups B and C were only 19 and 27,
respectively. Therefore, we extended the recruitment period by
5 additional weeks and used the same randomization method.

Concealment Mechanism
The ICSC counselors who screened and enrolled participants
were notified of the group allocation on Monday of each
recruitment week. Participants were not aware of the allocation
sequence.

Blinding
All participants received a specific relapse prevention
intervention, but they did not know what the other interventions
were. All assessors of outcomes were blinded to the RCT group
of each participant.

Statistical Analysis
Data were entered into SPSS for Windows version 20 for
analysis. Descriptive statistics including frequency, percentage,
and mean were used to summarize the outcomes and other
variables. Chi-square tests were used to compare categorical
variables between subgroups. The Kolmogorov-Smirnov test
was used to determine the use of t test (normal distribution) or
Mann-Whitney U test (nonnormal distribution) for the
comparison. We analyzed the primary and secondary outcomes
with Fisher exact test and odds ratios with and without
adjustment for significantly different characteristics at baseline.
By intention-to-treat (ITT) analysis [31], participants who were
lost or refused to follow up were treated as having smoking
relapse and lapse. Sensitivity analysis assuming that missing
participants had not changed smoking status since the previous
follow-up (last observation carried forward [LOCF]) and
excluding participants who were lost to follow-up
(complete-case analysis) were performed for the primary
outcomes. Additional analysis excluding those in groups A and
B who did not participate in the social groups was also
conducted. General linear model repeated measures analysis
was used to examine the changes of other smoking-related
variables.

A content analysis of all the posts in the social groups was
conducted to understand how the intervention helped participants
prevent relapse. All posts in the WhatsApp and Facebook social
groups were archived before the social groups were closed by

J Med Internet Res 2015 | vol. 17 | iss. 10 |e238 | p.199http://www.jmir.org/2015/10/e238/
(page number not for citation purposes)

Cheung et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the moderator. Each post was coded by 2 researchers separately
and was classified by their content. The Mann-Whitney U test
was used to compare the median number of posts between the
WhatsApp and Facebook social groups because we had no
assumption about their statistical distribution.

Results

Group Allocation and Retention Rates at Follow-Ups
From February 2014 to May 2014, 247 quitters were screened
for eligibility. Of these, 68 quitters (27.5%) were ineligible, 41
(16.6%) refused to participate, and 2 (0.8%) had incomplete
intake information. In all, 136 quitters (55.1%) participated with
42 allocated to group A (WhatsApp), 40 to group B (Facebook),
and 54 to group C (Control) (Figure 1). The major reasons for
ineligibility were possible alcohol dependence measured by
AUDIT (n=30), had no mobile phone (n=23), or no Internet
access by mobile phone (n=23).

For the 136 participants, 86.8% (118/136) were successfully
followed at 2-month follow-up with 88% (35/42) in group A,
95% (36/40) in group B, and 80% (43/54) in group C (Figure
1). The overall retention rate at 6-month follow-up was 73.5%
(100/136), with 81% (34/42) in group A, 70% (28/40) in group
B, and 70% (38/54) in group C. The reasons for loss to
follow-ups were (1) unable to reach via telephone, (2) refusal
to follow up, and (3) incomplete survey.

Demographic Characteristics and Smoking Profile
For the 136 participants, 76.5% (104/136) were male and the
mean age was 40.5 (SD 9.9) years. The mean age of group B
was significantly lower than group C (P=.01) (Table 1). There
was a significant difference in the negative affect subscale of

the MNWS between groups B and C (P=.02) and for insomnia
between groups A and C (P=.01) (Table 2). Differences in other
sociodemographic characteristics and smoking profile in the 3
RCT groups were not significant. More than 90% (128/136,
94.1%) had been prescribed free NRT in their smoking cessation
treatment, but only 5 of 136 (3.7%) were prescribed varenicline
(Table 2). There was also no significant difference in other
smoking-related variables. Overall, 86.0% (117/136) of the
participants had been abstinent for at least 28 days before joining
the RCT with 81% (34/42) in group A, 95% (38/40) in group
B, and 83% (45/54) in group C.

Lapse and Relapse Rates
In the ITT analysis, fewer participants in group A reported
smoking relapse than in group C at 2-month (17%, 7/42 vs 43%,
23/54; OR 0.27, 95% CI 0.10-0.71 P=0.008; power=74.6%)
and 6-month (41%, 17/42 vs 61%, 33/54; OR 0.43, 95% CI
0.19-0.99, P=.049; power=54.9%) follow-ups. Also, the odds
ratios of 2-month relapse rate adjusting for baseline difference
in smoking urge and days of abstinence were significant
(adjusted OR 0.26, 95% CI 0.09-0.74, P=.01) (Table 3). There
was no significant difference in the relapse rate between groups
B and C at 2-month (30%, 12/40 vs 43%, 23/54; OR 0.58, 95%
CI 0.24-1.37, P=.21; power=36.9%) and 6-month (53%, 21/40
vs 61%, 33/54; OR 0.70, 95% CI 0.31-1.61, P=.40;
power=20.6%) follow-ups. The power analysis showed that the
comparison of the relapse rate between groups B and C had a
large type II error (ie, accepting the null hypothesis when it was
false). The odds ratios comparing 2-month self-reported relapse
rate between groups A and C using ITT, LOCF (assumed to
have the same smoking status as the last follow-up), and
complete-case analysis were mostly significant and consistent.
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Figure 1. CONSORT flow diagram of the pilot randomized controlled trial. AUDIT: The Alcohol Use Disorders Identification Test.
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Table 1. Sociodemographic and smoking characteristics of participants at entry to the smoking cessation clinics (N=136).

P a
Group C: control

n=54

Group B: Facebook

n=40

Group A: WhatsApp

n=42Baseline characteristics

B vs CA vs C

Gender, n (%)

.42.6943 (80)29 (73)32 (76)Male

11 (20)11 (28)10 (24)Female

.01.3042.7 (10.4)37.6 (8.0)40.4 (10.4)Age (years), mean (SD)

Marital status, n (%)

.06.7312 (22)15 (38)11 (26)Single

31 (57)23 (58)24 (57)Married

11 (20)2 (5)6 (14)Other

0 (0)0 (0)1 (2)Missing

Monthly personal income (HK$), n (%)

.13.0714 (26)8 (20)10 (24)<$10,000

28 (52)16 (40)17 (41)$10,000-$19,999

5 (9)6 (15)12 (29)$20,000-$29,999

6 (11)8 (20)2 (5)≥$30,000

1 (2.0)2 (5)1 (2)Missing

FTND, b n (%)

.78.6114 (26)12 (30)14 (33)Mild

23 (43)18 (45)14 (33)Moderate

17 (32)10 (25)14 (33)Severe

.25.0736 (67)31 (78)35 (83)Any quit attempt before intake, n (%)

17.1 (7.3)15.3 (6.5)14.5 (6.3)Daily cigarette consumption, mean (SD)

a Chi-square test for categorical variables; t test for continuous variables.
b FTND: Fagerstrom Test for Nicotine Dependence (1-3=mild, 4-5=moderate, 6-10=severe).
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Table 2. Treatment condition and quitting characteristics of participants at baseline (N=136).

P a
Group C: control

n=54

Group B: Facebook

n=40

Group A: WhatsApp

n=42
Treatment condition and quitting characteristics at
baseline

B vs CA vs C

.56.4351 (94)39 (98)38 (91)Had been prescribed NRT, n (%)

.22.713 (6)0 (0)2 (5)Had been prescribed varenicline, n (%)

.09.11Frequency of smoking urge in past week, n (%)

8 (15)12 (30)5 (12)Never

13 (24)13 (33)20 (48)Occasionally

25 (46)9 (23)14 (33)1-2 times per day

8 (15)6 (15)3 (7)≥3 times per day

.10.40Intensity of smoking urge in past 24 hours, n
(%)

16 (30)19 (48)14 (33)No urge

27 (50)17 (43)18 (43)Slight

11 (20)3 (8)8 (19)Mild

0 (0)1 (3)2 (5)Moderate/Severe

.10.62Frequency of thinking of the feeling of enjoying
smoking, n (%)

7 (13)9 (23)7 (17)Never

19 (35)20 (50)18 (43)Seldom

25 (46)9 (23)15 (36)Sometimes

3 (6)2 (5)1 (2)Often

0 (0)0 (0)1 (2)Very often

Minnesota Nicotine Withdrawal Scale-Chinese,
b mean (SD)

.02.440.48 (0.69)0.25 (0.53)0.46 (0.49)Negative affect

.43.010.64 (0.72)0.60 (0.88)0.39 (0.73)Insomnia

12-item Smoking Self-Efficacy (SEQ-12), c mean
(SD)

.56.753.89 (0.78)3.92 (1.02)3.78 (0.94)Internal stimuli

.43.894.11 (0.72)4.11 (0.91)4.03 (0.89)External stimuli

.44.6446.3 (16.9)50.4 (10.5)46.8 (16.3)Days of abstinence at baseline, mean (SD)

.26.49Days of abstinence at baseline (category), n (%)

3 (6)0 (0)0 (0)≤7 days

2 (4)0 (0)3 (7)8-14 days

4 (7)2 (5)5 (12)15-28 days

45 (83)38 (95)34 (81)≥28 days

a Chi-square test for categorical variables; Mann-Whitney U test for continuous variables.
b Greater values indicate stronger self-rated withdrawal symptoms.
c Greater values indicate higher self-efficacy.
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Table 3. Relapsed, lapsed, smoked in the past 7 days, and validated abstinence at 2- and 6-month follow-ups.

Adjusted ORa (95% CI)Unadjusted OR (95% CI)Group, n (%)Quitting outcomes

B vs CA vs CB vs CA vs CGroup C

(n=54)

Group B

(n=40)

Group A

(n=42)

2-month follow-up

Relapse b

0.47 (0.18,
1.25)

0.26 (0.09,

0.74)f
0.58 (0.24,
1.37)

0.27 (0.10,

0.71)e
23 (43)12 (30)7 (17)ITT

1.06 (0.35,
3.20)

0.22 (0.05,

0.95)f
1.17 (0.45,
3.05)

0.27 (0.07,
1.03)

13 (24)10 (25)3 (7)LOCF

0.76 (0.24,
2.39)

0.17 (0.04,

0.77)f
0.92 (0.35,
2.47)

0.15 (0.03,

0.71)f
13/43 (30)10/38 (26)2/37 (5)Complete case

0.58 (0.23,
1.46)

0.65 (0.27,
1.57)

0.60 (0.26,
1.38)

0.62 (0.27,
1.40)27 (50)15 (38)16 (38)Lapsec

0.44 (0.17,
1.17)

0.26 (0.09,

0.73)f
0.54 (0.23,
1.27)

0.25 (0.09,

0.66)e
24 (44)12 (30)7 (17)Smoked in the past 7 days

1.64 (0.61,
4.39)

1.66 (0.64,
4.33)

1.89 (0.77,
4.63)

1.94 (0.80,
4.69)13 (24)15 (38)16 (38)Validated abstinenced

6-month follow-up

Relapse b

0.73 (0.29,
1.83)

0.35 (0.14,

0.86)f
0.70 (0.31,
1.61)

0.43 (0.19,

0.99)f
33 (61)21 (53)17 (41)ITT

0.75 (0.29,
1.96)

0.54 (0.21,
1.40)

0.82 (0.35,
1.94)

0.60 (0.25,
1.46)

20 (37)13 (33)11 (26)LOCF

0.57 (0.18,
1.79)

0.43 (0.15,
1.26)

0.59 (0.21,
1.62)

0.49 (0.19,
1.31)

17/38 (45)9/28 (32)9/34 (27)Complete case

0.81 (0.32,
2.03)

0.71 (0.29,
1.74)

0.78 (0.34,
1.78)

0.85 (0.37,
1.93)33 (61)22 (55)24 (57)Lapsec

0.68 (0.27,
1.71)

0.29 (0.11,

0.72)e
0.70 (0.31,
1.61)

0.35 (0.15,

0.82)f
33 (61)21 (53)15 (36)Smoked in the past 7 days

2.01 (0.64,
6.36)

1.87 (0.62,
5.63)

1.92 (0.68,
5.41)

2.04 (0.74,
5.65)8 (15)10 (25)11 (26)Validated abstinenced

a Odds ratio adjusted for age, frequency of smoking urge in past month, intensity of smoking urge in past 24 hours, and days of abstinence at baseline.
b Relapse was defined as smoking 5 or more cigarettes in 3 consecutive days in the past 2 and 4 months at 2- and 6-month follow-ups, respectively.
Intention-to-treat (ITT) analysis assumed participants who were lost to follow-up as relapsers or smokers. Last observation carried forward (LOCF)
assumed participants who were lost to follow-up as the status of previous follow-up. Complete-case analysis excluded participants who were lost to
follow-up.
c Lapse was defined as any incidence of smoking in the past 2 and 4 months at 2- and 6-month follow-ups, respectively.
d Validated abstinence (by ITT) was defined as self-reported abstinence validated by tests of exhaled carbon monoxide (≤4 ppm) and salivary cotinine
(≤10 ng/mL).
eP<.01.
fP<.05.

Excluding the participants in groups A and B who did not
participate in the social group (n=11), the corresponding
significant odds ratios comparing groups A and C at 2- and
6-month follow-ups by ITT analysis confirmed the lower odds
of relapse in group A (Multimedia Appendix 3). All odds ratios
comparing the relapse rate between groups B and C were
inconsistent and insignificant.

There was no significant difference in the lapse rate in all group
comparisons at both follow-ups. Group A had a lower

prevalence of 7-day self-reported smoking at 2-month (17%,
7/42 vs 44%, 24/54; OR 0.25, 95% CI 0.09-0.66, P=.005;
power=83.7%) and 6-month (36%, 15/36 vs 61%, 33/61; OR
0.35, 95% CI 0.15-0.82, P=.02; power=67.6%) follow-ups. No
significant difference between groups B and C was found. The
2-month participation rates of biochemical validation for the
groups A, B, and C were 77% (20/26), 64% (16/25), and 32%
(13/41), respectively. The corresponding figure at 6-month
follow-up was 41% (11/27), 53% (10/19), and 33% (10/30).
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The prevalence of biochemically validated abstinence at both
follow-ups in groups A and B were slightly higher than group
C, but the difference was insignificant.

Post Characteristics in the Social Groups
A total of 7 WhatsApp and 6 Facebook social groups were
formed for groups A and B, respectively (Figure 2). Those who
could not be added to the social groups (n=3) or left the social
groups early (n=8) were considered “dropouts.” The number of
dropouts in groups A and B was 7 of 42 (17%) and 4 of 40
(10%), respectively. The mean number of posts in the WhatsApp
and Facebook social groups was 55.0 (SD 50.7) and 21.0 (SD
34.4), respectively. The WhatsApp social groups had more
moderators’ posts (median 60, IQR 25 vs median 31.5, IQR 7;
P=.05) and participants’ posts than Facebook (median 35, IQR

50 vs median 6, IQR 9; P=.07), but they did not meet statistical
significance. In all, 23 of 42 (54.8%) WhatsApp participants
posted 1 to 9 times in the social group (median 3, IQR 7),
whereas approximately half (58%, 23/40) of the Facebook
participants did not post any (median 0, IQR 2.3). One
WhatsApp social group had only 5 participants’ posts because
it had only 3 participants and 2 of them dropped out early. One
Facebook social group had no posts from participants even
though the moderator had already posted 24 posts of smoking
cessation reminders. The majority of posts were sharing of
smoking or quitting experiences (WhatsApp: 151/384 posts,
39.3%; Facebook: 81/123 posts, 65.9%) and simple reply to the
moderator’s inquiry (WhatsApp: 131/384 posts, 34.1%;
Facebook: 82/123 posts, 66.7%) (Table 4).

Table 4. Content analysis of the WhatsApp and Facebook social groups.

Group B: Facebook

n=40

Group A: WhatsApp

n=42

Posts characteristics

67Number of social groups, n

4-102-9Participants per social group, range

11 (28)5 (12)Participants who did not post anything, n (%)

255465Total moderators’ posts, n

31.5 (18-118)60 (46-95)Moderators’ posts per group, median (range)

123384Total participants’ posts, n

6 (0-90)35 (5-145)Participants’ posts per group, median (range)

Participants’ posts per participant, n (%)

23 (58)10 (24)0 or dropped out

14 (35)23 (55)1-9

2 (5)7 (17)10-19

1 (3)2 (5)≥20

Characteristic of the participants’ posts, a n (%)

81 (65.9)151 (39.3)Sharing smoking/quitting experience

82 (66.7)131 (34.1)Simple reply to moderator’s inquiry

15 (12.2)62 (16.1)Self-reported lapse/relapse/maintaining abstinence

12 (9.8)44 (11.5)Encouragement

4 (3.3)24 (6.3)Reminders of quitting importance

7 (5.7)21 (5.5)Suggesting methods for smoking cessation

4 (3.3)8 (2.1)Seeking information related to smoking cessation and health

4 (3.3)8 (2.1)Sharing information including pictures and videos

2 (1.6)4 (1.0)Seeking help related to smoking cessation and health

4 (3.3)85 (22.1)Others

a For group A, total number of posts was 384; for group B, total number of posts was 123.
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Figure 2. Screenshots of the WhatsApp (Left side) and Facebook (Right side) online social groups.

Smoking-Related Variables at Follow-Ups
Daily smoking urge (P=.01), urge intensity (P=.02), mean score
of enjoying smoking (P=.002), and the 2 subscales of the
MNWS (P<.001) showed a decline significantly from baseline
to 2-month follow-up and then remained steady at 6-month
follow-up in the 3 RCT groups. The change of these variables
in the 3 RCT groups was not significantly different (Multimedia
Appendices 4-8). The mean score of the internal and external
stimuli subscale of SEQ-12 increased at 2-month follow-up
(P<.001), but fell at 6-month follow-up (Multimedia Appendices
9 and 10). Group A showed a greater increase in the internal
stimuli score than group C (P=.04). Multimedia Appendix 11
shows the CONSORT-EHEALTH form.

Discussion

Summary of Findings
This pilot RCT found fewer participants in group A (WhatsApp)
reported relapse than the control group at 2- and 6-month
follow-ups. It was consistent with higher self-reported
abstinence, greater change in the internal stimuli subscale of
SEQ-12, and more moderators’ and participants’ posts in the

social groups of group A. Group B (Facebook) and the control
group had a similar relapse rate and the Facebook social groups
had less posts than their WhatsApp counterparts.

Interpretation
Our findings have shown that the group discussion and
reminders via WhatsApp social groups for recent quitters
significantly reduced relapse by 73% and 57% at 2 months and
6 months, respectively. The group discussion and reminders in
the WhatsApp social groups could achieve a larger effect size
of maintaining short-term abstinence than face-to-face group
counseling [10,11,32]. This online platform with more
interactions than the Facebook social groups increased social
support and reduced relapse. Also, the reminders sent from the
moderators were specially designed for relapse prevention of
recent quitters. These results supported previous studies that an
interactive text messaging service for preventing smoking
relapse was effective and well accepted by recent quitters
[14,15]. The WhatsApp social groups also enhanced tailored
and immediate advice from counselors, which was beneficial
for smoking cessation [21]. Further investigation of the
conversation content and its association with abstinence is
warranted. However, the intervention effect dissipated after the
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social groups closed. It suggests a longer intervention period
might extend the effectiveness.

The Facebook group achieved an insignificantly lower relapse
rate than the control group, which might be attributed to the
insufficient sample size and statistical power. The lower
effectiveness of the Facebook social groups might also be
explained by the fewer moderator and participant posts than
WhatsApp. Although Facebook social groups had the same
standardized moderators’ reminders as WhatsApp, there was
less interaction between the participants and between the
participants and the moderator in the Facebook social groups
than WhatsApp. Therefore, Facebook participants might receive
less support in preventing smoking relapses. Such a difference
might be due to the difference in usage habits between
WhatsApp and Facebook users. Previous studies showed that
Facebook supported dissemination of smoking cessation
throughout the social network [33] and engaged a large number
of smokers outside the social group [21]. However, some
Facebook users used the platform with computers. They might
post and reply less frequently than their WhatsApp counterparts,
who could do so more frequently with a mobile phone. In
addition, Facebook users might be distracted by other newsfeeds,
which do not appear in WhatsApp. Our findings suggested that
group discussion using online social media should consider
some strategies to increase interactions, such as increasing
interesting and attractive content and allowing other Facebook
users to post in the social group.

The significant increase in self-efficacy in dealing with internal
smoking cues such as bad mood and anxiety was found in the
WhatsApp group only, which suggests that the interaction and
peer support in the social groups were beneficial to manage
these smoking cues. The association between the change in
self-efficacy and relapse prevention warrants further exploration.
However, the 3 RCT groups showed similar reduction in
frequency and intensity of smoking urge, and withdrawal
symptoms over the study period. This result might be due to
the use of the NRT as smoking cessation treatment for the
majority of participants. Also, because most had been abstinent
for more than a month at baseline, their barriers of maintaining
abstinence might not be smoking urge or withdrawal symptoms
[34]. Future studies should test the effectiveness in unassisted
quitters and quitters who had quit for a few days.

Approximately half of the participants reported smoking lapses
at 6 months, which was similar to a recent exploratory study
providing relapse prevention to recent quitters through text

messages [14]. Our online social groups did not significantly
reduce smoking lapses. It was consistent with their small change
in dealing with those environmental smoking cues, as measured
by the external stimuli subscale of the SEQ-12, and no
interaction between group allocation and time. In turn, our
intervention increased internal self-efficacy and enhanced instant
feedback to the reported smoking lapses, which might effectively
prevent the onset of a relapse following a lapse [35]. To improve
the intervention for preventing smoking lapses, process
evaluation of how it helped reduce smoking lapse is needed.

Limitations
Several limitations should be noted. Firstly, the findings may
only be generalizable to recent quitters (mostly male and
married) who had received prior treatment from smoking
cessation clinics. Such intervention should be further tested in
different groups of smokers including unassisted quitters,
alcoholics, and pregnant women. Secondly, most participants
had already quit for a few weeks before joining the RCT, so the
present RCT did not examine if the intervention helped
participants manage smoking urges and withdrawal symptoms
at the early stage of quitting. Thirdly, the pilot RCT had a small
sample size so that the estimates of the odds ratios were not
precise. Future studies with a larger sample size are warranted
to confirm and quantify the effectiveness. Fourthly, differences
in the smoking quantity at intake and urge frequency at baseline
were found in the 3 RCT groups, which might be due to chance
or no strict concealment of group allocation. Complete allocation
concealment in the enrollment staff, if feasible, should be used
in future RCTs. Lastly, the biochemically validated quit rate
might be biased. Some self-reported quitters were too busy or
perceived the validation unnecessary for them. Also, the
incentive for participating in the validation might have motivated
some self-reported quitters to maintain abstinence for the reward.
Future studies should use other simple validation methods or
compensation schemes to increase the participation in and
validity of the validation.

Conclusions
This pilot RCT has developed and provided the first preliminary
evidence that group discussion and reminders via WhatsApp
social group were effective to reduce smoking relapse. Clinical
practice in using social networking services for relapse
prevention should extend the intervention period, improve the
intervention content to prevent smoking lapse and relapse, and
increase interaction among participants. Future RCTs with larger
sample sizes and unassisted smokers are warranted.
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Abstract

Background: Electronic cigarette (e-cigarette) use has increased in the United States, leading to active debate in the public
health sphere regarding e-cigarette use and regulation. To better understand trends in e-cigarette attitudes and behaviors, public
health and communication professionals can turn to the dialogue taking place on popular social media platforms such as Twitter.

Objective: The objective of this study was to conduct a content analysis to identify key conversation trends and patterns over
time using historical Twitter data.

Methods: A 5-category content analysis was conducted on a random sample of tweets chosen from all publicly available tweets
sent between May 1, 2013, and April 30, 2014, that matched strategic keywords related to e-cigarettes. Relevant tweets were
isolated from the random sample of approximately 10,000 tweets and classified according to sentiment, user description, genre,
and theme. Descriptive analyses including univariate and bivariate associations, as well as correlation analyses were performed
on all categories in order to identify patterns and trends.

Results: The analysis revealed an increase in e-cigarette–related tweets from May 2013 through April 2014, with tweets generally
being positive; 71% of the sample tweets were classified as having a positive sentiment. The top two user categories were everyday
people (65%) and individuals who are part of the e-cigarette community movement (16%). These two user groups were responsible
for a majority of informational (79%) and news tweets (75%), compared to reputable news sources and foundations or organizations,
which combined provided 5% of informational tweets and 12% of news tweets. Personal opinion (28%), marketing (21%), and
first person e-cigarette use or intent (20%) were the three most common genres of tweets, which tended to have a positive sentiment.
Marketing was the most common theme (26%), and policy and government was the second most common theme (20%), with
86% of these tweets coming from everyday people and the e-cigarette community movement combined, compared to 5% of
policy and government tweets coming from government, reputable news sources, and foundations or organizations combined.

Conclusions: Everyday people and the e-cigarette community are dominant forces across several genres and themes, warranting
continued monitoring to understand trends and their implications regarding public opinion, e-cigarette use, and smoking cessation.
Analyzing social media trends is a meaningful way to inform public health practitioners of current sentiments regarding e-cigarettes,
and this study contributes a replicable methodology.

(J Med Internet Res 2015;17(10):e243)   doi:10.2196/jmir.4969
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Introduction

In recent years, electronic cigarette (e-cigarette) use has gained
momentum in the United States, with 36.5% of current smokers
surveyed in 2013 reporting ever using e-cigarettes, compared
to 9.8% in 2010 [1]. From 2010 to 2013, e-cigarette awareness
increased nearly 40%, and “ever use” of e-cigarettes increased
in all demographic subpopulations except those aged 18-24
years, Hispanics, and those living in the Midwest of the United
States. Results from the National Youth Tobacco Survey indicate
that current e-cigarette use among high-school students tripled
from the previous year, which marks the first time that current
e-cigarette use has surpassed current use of every other tobacco
product [2]. Data from the recent cycle of the Health Information
National Trends Survey (HINTS 4 Cycle 2) indicate that among
people aware of e-cigarettes, 51% believe e-cigarettes are less
harmful than conventional cigarettes [3]. The growing popularity
of e-cigarettes within the United States and worldwide has
resulted in a surge of research spanning topics such as harm
reduction, use patterns (cessation vs dual use), health effects,
environmental effects, marketing, and product design. To date,
data providing guidance to public health decision makers is still
being collected and there is an active debate within the public
health sphere regarding e-cigarette use and regulation [4].
Current findings and opinions range considerably. While some
believe e-cigarettes are helping to end the global morbidity and
mortality associated with the use of combustible tobacco, others
believe that e-cigarettes threaten to prolong or worsen the
tobacco epidemic [4-8]. Although these stances are part of the
ongoing debate, there is general support for the regulation of
e-cigarettes. Experts within the United States have urged the
US Food and Drug Administration (FDA) to take the necessary
actions to bring e-cigarettes under their regulatory authority [9],
and the FDA has signaled their intention to do so [10]. However,
data collection that fully addresses the public health impact of
e-cigarettes and the implementation of e-cigarette regulation
may take some time. In the meantime, e-cigarette sales are
climbing rapidly. E-cigarette retail sales in 2013 were
approximately US $2.5 billion worldwide. With this current
trajectory, it is projected that retail sales in 2017 will top US
$10 billion [11,12].

Given that e-cigarettes are still relatively new and the opinions
toward them are often divergent, there is increasing dialogue
surrounding e-cigarettes on social media. As we aim to
understand the health effects of e-cigarettes, we must also
attempt to discern the core voices, message frames, and
sentiment surrounding e-cigarette discussions. Understanding
these conversations allows public health and communication
professionals to identify trends in attitudes and behaviors and
to develop strategies to disseminate factual information and
create culturally relevant cessation interventions for nicotine
products, including traditional cigarettes and e-cigarettes.

Analysis of Twitter data has become an active research area,
offering insight for the behavioral and social sciences and
providing access to demographic groups that are often
underrepresented in research, such as minorities. According to
the Pew Research Center [13], Twitter usage is particularly
popular among “younger adults, urban dwellers, and

non-whites.” Twitter offers greater representation of minority
groups with 25% of Latinos, 27% of blacks, and 21% of whites
using the social media platform [14]. In addition, 31% of
18-29-year olds use Twitter, as compared to 18% of all adult
Internet users [13]. The microblog format acts as a social support
system for sharing information, ideas, and beliefs that can be
captured in real-time, offering insight that survey analyses might
miss or take an extended period to collect [15].

In the case of tobacco use and cessation, examination of social
media data can continue to uncover trends in knowledge,
attitudes, and behavior; identify marketing strategies; inform
public health and public policy; and pave the way for
interventions delivered via social media [16-22]. Use of social
media information to detect public health trends in this way has
been referred to as “infoveillance” or “infodemiology” [23-26],
and as digital epidemiology or digital disease detection [27].

Given the depth of data, the breadth of its audience, and its
ability to capture real-time trends, this study focuses exclusively
on understanding snapshots of dialogue surrounding e-cigarettes
captured on Twitter. The objective of this analysis is to conduct
a content analysis to identify key conversation trends and
patterns over time using historical Twitter data.

Methods

To conduct this analysis, we used strategic keywords to collect
historical tweets potentially related to e-cigarettes from May 1,
2013, to May 1, 2014. Keywords were selected using an iterative
process with incremental addition and subtraction of words. A
preliminary search, using words like e-cigarette and vapor was
conducted, followed by refinement to remove terms capturing
tweets that were not relevant. Addition of words was heavily
influenced by a list of previously published keywords [22]. We
ran several sample searches using Radian 6, social media insight
software, and informally tested the performance of the searches
using frequencies, correlation tables, and descriptive
visualizations such as bar graphs. Product names were omitted
from search keywords because we were unable to identify an
exhaustive list of every e-cigarette product name and did not
want to bias results to specific brands. The final list of strategic
keywords is provided in Multimedia Appendix 1.

Data were provided by Gnip, a company with full access to the
Twitter Firehose (entire stream of Twitter data) supplying
historical tweets not available through the Twitter application
program interface (API). Search results garnered 3.7 million
potentially relevant tweets. Gnip data utilized for the purposes
of this study include time, date, user profile link, tweet content,
and tweet link. To facilitate user-friendly evaluation of the
tweets among 6 analysts, a database and Web form were
developed that prepopulated each tweet along with the coding
categories (see Multimedia Appendices 2 and 3). Each tweet
included a link to the Twitter post and the user profile. In
instances where the tweet link had been removed, analysts used
a historic Web cache to capture the information. Analysts visited
full webpage and user profiles at their discretion when sufficient
information about the tweet could not be obtained from the
extraction. We did not track the number of webpage and user
profile clicks made by analysts, but anecdotally, analysts clicked
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these links for approximately half of all coded tweets. All
analysts were college educated and participated in training
sessions to familiarize themselves with e-cigarette topics and
tweet analysis techniques with the lead author prior to analyzing
the tweets.

Manual content analysis was used to categorize tweets according
to a coding category list developed through previous literature
and adapted for the purposes of this research [22]. The content
analysis consisted of two stages: (1) randomly sampling tweets
from the full dataset and classifying content for e-cigarette
relevance until a manageable sample of at least 10,000 relevant
tweets was achieved and (2) classifying content of each relevant
tweet for sentiment, user description, genre, and theme. Each
stage consisted of an initial step wherein analysts coded 250 of
the same tweets until an acceptable level of interrater agreement
was reached. Interrater reliability was determined using the
Fleiss kappa and a score of at least .64 was obtained for each
category in Stages 1 and 2, indicating substantial or good
agreement [28,29]. Classification for relevance during Stage 1
excluded tweets that met any of the following specifications:
“retweets” that offered no additional information from the

person posting the tweet, original tweets that were part of a
conversation and require greater context to be interpreted, or
duplicated tweets from a user account that had since been
suspended or was primarily being used for spam or unwanted
solicitations. Spam was identified according to guidelines
outlined by Twitter and included consideration of factors such
as updates that are mostly links and not personal updates,
duplicate content posted over multiple accounts, and content
that consists of unrelated hashtags of popular topics [30,31].

Classification for sentiment, user description, genre, and theme
in Stage 2 was conducted according to a codebook developed
for the classification of tweets that builds on previous research
[17,22] and the focus of this analysis (see Multimedia Appendix
3). Sample tweets for each content category are included in
Multimedia Appendix 4).

Sentiment refers to whether the stance in the tweet is positive,
neutral, or negative toward e-cigarettes and users of e-cigarettes
(Table 1). Stance toward e-cigarettes and users of e-cigarettes
were the only considerations for sentiment, and sentiment toward
any other topic or concept was disregarded for the purposes of
this research.

Table 1. Content categories for sentiment.

DefinitionCategory

Tweets that are in favor of e-cigarettes, related products, and usePositive

Tweets not strong in either direction for or against e-cigarettesNeutral

Tweets with that are against e-cigarettesNegative

User description characterizes the sender of the tweet based on
information gleaned from the user profile (eg, e-cigarette
company, everyday user of Twitter, reputable news source; see
Table 2). In particular, the user profile category of “e-cig
community movement” was added specifically to represent
those people who appear to be strong advocates for e-cigarettes

but have no identified affiliation with marketing or e-cigarette
companies. This category is distinct from the “everyday person”
category in that the great majority of the user’s timeline is
devoted to e-cigarette advocacy and information, with little
mention of the activities of day-to-day life characteristic of those
who use Twitter for personal purposes.

Table 2. Content categories for user description.

DefinitionCategory

Famous people in pop culture, people that are Internet famous, people that have accounts verified by TwitterCelebrity

National Institutes of Health, CDC, political figures, etcGovernment

Reputable organizations such as American Heart AssociationFoundation/organization

New sources such as New York Times, Washington Post, Wall Street Journal, Associated Press, etcReputable news source

Twitter account with a reasonable amount of posts, followers, and following a reasonable amount of people;
timelines span a variety of topics that are not primarily e-cigarette–related

Everyday person

Groups or people whose timelines are primarily devoted to e-cigarette conversation (eg, Women Who Vape, The
Vape Club, John Doe with entire timeline of e-cigarette tweets)

E-cigarette community move-
ment

Outlets that sell e-cigarettes (online or physical)Retailer

Companies that manufacture e-cigarettes (eg, blu, Apollo, Njoy)Tobacco company

Accounts that appear to be fake/computerized that are primarily promoting e-cigarette products (or other products);
most accounts are disguised to appear as “everyday person”

Bot/hacked

Genre represents the format of the tweet (eg, news or update,
first person experience, marketing; see Table 3). Theme, the
most granular level of classification, refers to the topical domain

of the content in the tweet (eg, cessation, health and safety,
craving; see Table 4).
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Table 3. Content categories for genre.

DefinitionCategory

Update about a current event from a reputable news source, or post from user about relevant news from news sourceNews/update

Factoid or resource, can be a personal blog or forum, or link to product review (posted by everyday person or e-
cigarette community movement)

Information

Reports personal use of, intent, or interest to use e-cigarettesFirst person e-cigarette use or
intent

Reports someone else’s use of e-cigaretteSecond/third person experience

Personal opinion related to e-cigarettesPersonal opinion

Activities involved in the transfer of goods from the producer or seller to the consumer or buyer, eg, sales of e-
cigarette products or accessories, job announcements, review of products posted by e-cigarette company/retailer

Marketing

Table 4. Content categories for theme.

DefinitionCategory

Mention of using e-cigarettes to quit smoking cigarettes or other non-e-cigarette tobacco productsCessation

Direct or indirect reference to health consequences of e-cigarette useHealth and safety

E-cig use by minors, especially high-school age or underUnderage usage

Desire to use e-cigarettes; eg “Stressful day. Time for my #vapepen”Craving

E-cigarettes mentioned in association with other addictive substances (eg, alcohol, caffeine)Other substances

Mention of using e-cigarettes for anything other than nicotine (eg, marijuana)Illicit substance use in e-
cigarettes

Mention of government or policy in relation to e-cigarettes including regulation, deeming, bans, and restrictionsPolicy or government

Tweet mentioning use of e-cigarettes by parents of the poster or parents of a person mentioned in the tweetParental use of e-cigarettes

Ads for e-cigarettes, giveaways, samples, sales, direct links to sellers’ websites, word-of-mouth, and reviewsAdvertisement/ promotion

Tweet discussing e-cigarette flavors (generic or mixed, including menthol)Flavors

Sentiment and user description are mutually exclusive
categories—meaning that only one choice could be made per
category, while genre and theme are not—meaning that more
than one choice could be made per category. All categories were
mandatory with the exception of theme, given the granularity
of the content and because every topic could not be realistically
represented. Additionally, during Stage 2, analysts documented
media links included in each tweet (eg, image, video, location,
website).

After the content analysis was complete, descriptive statistical
analyses were performed on the data sample, including one-way
frequencies for each category; two-way cross tabulations for
categories, temporal trends, and media type, in addition to the
chi-square test for intercategory statistical association (using
Fisher’s exact test for cell counts  5); and intercategory
correlation analysis based on Cramer’s V coefficient
(representing each category option as a binary variable). Both
the chi-square tests and correlation analyses with Cramer’s V
provide a statistically sound assessment of the significance and
strength of the relationships between various categories. SAS
version 9.3 was used for all analyses. The goal of the current
analysis was to identify patterns and trends in the sample of

tweets related to the overarching content categories: sentiment,
user description, genre, and theme.

General trends are reported for the entire sample of coded
tweets; only statistically significant trends are discussed for
each category (P<.05). Additionally, intercategory trends are
reported, once again discussing only the principal statistically
significant findings (P<.05) of interest based on bivariate
associations and intercategory correlation assessments.

Results

Sample Description
A total of 17,098 tweets were coded during Stage 1, of which
10,128 (59.23%) were found to be relevant and interpretable.
The range of interrater reliability was .64-.70 and is reported in
Table 5. Of the excluded tweets, 2384 were found to be entirely
non-relevant, whereas the remainder were retweets with no
additional context, conversations without context, or duplicated
tweets from a user account that had since been suspended or
was primarily being used for spam or unwanted solicitations.
For the remainder of this discussion, the final sample consisted
of the 10,128 relevant tweets.
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Table 5. Interrater reliability scores for manual annotation of tweet categories.

Interrater reliabilityCategory

.70Relevancea

.65Sentimentb

.66User descriptionb

.64Genre

.65Theme

aBinary version of this category was created in addition to multiclass version for the purposes of the analysis.
bCategories were mutually exclusive and thus analyzed as multiclass.

Between May 2013 and November 2013, each month
contributed 4.29-6.53% of the tweets in the overall sample;
however, there is a clear increase in the number of relevant
e-cigarette tweets in December 2013. The number of tweets in
December 2013 (n=1388) is more than twice the number of
tweets that occurred in November 2013 (n=631; see Figure 1).
Months between December 2013 and April 2014 each represent

10.09% to 14.01% of the total tweets in the sample, which
represents a bulk of the tweets that occurred during the
observation period (see Figure 1).

Almost half of the tweets (48.00%) included links that were
functional at the time of the content analysis. Tweets with
images accounted for 8.30% of the sample.

Figure 1. Frequency of e-cigarette tweets by month from May 2013 to April 2014.

Sentiment
As indicated by Table 6, tweets deemed positive in sentiment
accounted for a majority of the sample (71.11%). The absolute
number of positive tweets was highest in December 2013, but
May 2013 had the highest percentage of positive sentiment

tweets (Figure 2). There was a steady decline in positive
sentiment from December 2013 through April 2014, during
which the percentage of negative and neutral tweets rose. This
resulted in April 2014 having the highest percentage of negative
(17.90%) and neutral tweets (22.48%).

Table 6. Tweet distribution by sentiment (N=10,128).

N (%)Sentiment

7202 (71.11)Positive

1699 (16.78)Neutral

1227 (12.11)Negative
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Figure 2. Absolute number of tweets by sentiment and month from May 2013 to April 2014.

User Description
A majority of the sample consisted of tweets that originated
from users identified by analysts as everyday people (64.99%),
with the second largest population being the e-cigarette
community (15.92%) (see Table 7). Tweets originating from

government, celebrity, and reputable news sources user accounts
each represented less than 1% of the sample. November 2013
saw the highest percentage of tweets from retailers (10.59%)
and tobacco companies (4.24%), while the proportion of tweets
from e-cigarette community movement users peaked in
December 2013 (26.72%) (see Figure 3).

Table 7. Tweet distribution by user description (N=10,128).

N (%)User description

45 (0.44)Celebrity

8 (0.08)Government

122 (1.20)Foundations/organization

73 (0.72)Reputable news source

6582 (64.99)Everyday person

1612 (15.92)E-cigarette community movement

787 (7.77)Retailer

200 (1.97)Tobacco company

699 (6.90)Bot/hacked
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Figure 3. Number of tweets by month and user from May 2013 to April 2014.

Genre
The three most common tweet genres were personal
opinion-oriented tweets, marketing-related tweets, and personal
experience-related tweets (see Table 8). The monthly volume
of personal opinion-related tweets more than doubled during
the analysis period, with a marked increase occurring from
October 2013 to a peak in March 2014, though the percentage
of these tweets was highest in February 2014 (see Table 9).
Marketing-related tweets saw a fairly steady decline between
May 2013 (29.95%) and April 2014 (18.46%) although the

absolute number of these tweets doubled in that period. Personal
opinion-related tweets accounted for more than one-fifth of each
month’s tweets, with a spike in volume occurring in December
2013, which accounted for nearly half of that months’e-cigarette
related tweets (44.52%). The percentage of news-related tweets
increased from 1.84% to 15.22% from May 2013 to April 2014,
which represents a 27-fold increase in the volume of
news-related tweets during that time. Marketing, news, and
information-related tweets have much higher rates of website
links (60.12%, 88.51%, and 70.40%) than average (35.42%).

Table 8. Tweet distribution by genre (N=10,128).

N (%)Genre

828 (8.18)News/update

1459 (14.41)Information

2056 (20.30)First person e-cigarette use or intent

797 (7.87)Second/Third person experience

2850 (28.14)Personal opinion

2142 (21.15)Marketing
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Table 9. Tweet genre distribution by month (N=10,128).

N (%)Genre

TotalApr.Mar.Feb.Jan.Dec.Nov.Oct.Sept.Aug.JulyJuneMay

2056256
(18.04)

270
(19.74)

248
(24.27)

230
(19.97)

196
(14.12)

152
(23.00)

134
(23.63)

131
(19.12)

106
(23.35)

109
(24.49)

122 (22.90)102 (23.50)Personal experi-
ence

2139262
(18.46)

272
(19.88)

174
(17.03)

225
(19.53)

239
(17.22)

167
(25.26)

130
(22.93)

157
(22.92)

115
(25.33)

128
(28.76)

140 (26.27)130 (29.95)Marketing

2849321
(22.62)

349
(25.51)

285
(27.89)

363
(31.51)

618
(44.52)

176
(26.63)

137
(24.16)

191
(27.88)

105
(23.13)

97
(21.80)

112 (21.01)95 (21.89)Personal opin-
ion

797114
(8.00)

112
(8.19)

93
(9.10)

96
(8.33)

82
(5.91)

48
(7.26)

37
(6.53)

50
(7.30)

45
(9.91)

34
(7.64)

52 (9.76)34 (7.83)Second person

1456249
(17.55)

221
(16.15)

145
(14.19)

150
(13.02)

165
(11.89)

82
(12.41)

93
(16.40)

99
(14.45)

62
(13.66)

51
(11.46)

74 (13.88)65 (15.00)Information

827216
(15.22)

143
(10.45)

77
(7.53)

88
(7.64)

87
(6.27)

35
(5.30)

36
(6.35)

57
(8.32)

21
(4.63)

26
(5.84)

33 (6.19)8 (1.84)News

10,12814191368102211521388661567685454445533434Total

Theme
Table 10 describes the overall themes present in the dataset.
During the coding process, tweet theme was not a mutually
exclusive category, and this resulted in 26.35% of tweets in the
sample having more than one theme. For tweets with one theme,

advertising and promotions-related tweets were the single largest
content theme category with 19.62% occurrence in the sample,
followed by policy and government–related tweets at 11.77%
and health and safety–related tweets at 4.27%. Tweets coded
for only the cessation theme accounted for 1.42% of the sample.

Table 10. Tweet distribution by theme.a

N (%)Theme

638 (6.30)Cessation

1327 (13.10)Health and safety

423 (4.18)Underage usage

394 (3.89)Craving

116 (1.15)Other substances

160 (1.58)Illicit substance use in e-cigarettes

2042 (20.16)Policy/government

74 (0.73)Parental use of e-cigarettes

2663 (26.29)Advertisement/promotion

451 (4.45)Flavors

aIncludes tweets coded with multiple themes.

Intercategory Trends

Bivariate Associations
The bivariate associations reported are statistically significant
(P<.05). Almost all marketing-related tweets were positive in
sentiment (98.46%), while 88.72% of first person e-cigarette
use or intent and 69.78% of personal opinion tweets were
positive. Approximately half (51.65%) of informational tweets
were positive and 14.22% were negative. News-related tweets
were the least positive of the genres, with 19.11% of these tweets
coded as positive, 53.10% neutral, and 27.81% negative.

Over 92.27% of tweets containing an image were positive in
sentiment. Retailers accounted for 19.74% of tweets containing
images and marketing-related tweets are twice as likely to

contain an image (17.30%) compared to the average rate at
which images occur in tweets (8.30%). E-cigarette community
users produced 23.47% of tweets containing a link to a website.
Marketing, news, and information-related tweets have much
higher rates of website links (60.12%, 70.40%, and 88.51%)
than the overall average (35.43%).

Nearly half (49.60%) of information tweets originated from
everyday people and 29.28% were from e-cigarettes community
movements. Everyday people represented 62.27% of news
tweets as compared to reputable news sources accounted for
6.41% of news and 0.96% of information tweets.
Foundations/organizations provided 3.98% of information tweets
and 5.20% of news tweets. Also, 32.40% of marketing tweets
came from everyday people compared to 26.18% from retailers
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and 6.40% from tobacco companies. User-related trends in tweet genre are illustrated in Figure 4.

Figure 4. Distribution of tweet content genre for each user category.

Correlation Analysis
As an additional measure of correlation, Cramer’s V statistic
was computed for all categories after representing each category
option as a binary variable. Multimedia Appendix 5 displays
the results of the Cramer’s V correlation analysis, highlighting
those correlations that are moderately strong (≥.3). Results are
similar to the bivariate associations discussed previously.

Discussion

Principal Findings
This content analysis revealed noteworthy trends about
e-cigarette–related tweets from May 2013 through April 2014.
The number of these tweets rose during the data collection
period, with a peak in December 2013. Tweets were

overwhelmingly positive and frequently posted by everyday
people and e-cigarette community movement accounts.

The increase in e-cigarette-related tweets coincides with several
e-cigarette milestones, ranging from government proposals for
policies and regulations [32], major tobacco corporations
introducing their own brands of e-cigarettes and buying of
existing ones [33], and the e-cigarette industry’s increased
visibility through marketing and retail expansion. This trend
may also have been driven by e-cigarette promotional activities
and the subsequent increase in sales and awareness of e-cigarette
products [34]. For instance, in February 2014 the company
NJOY King ran an e-cigarette advertisement during the Super
Bowl for a second consecutive year [35]. This televised event
was viewed by over 111 million people in America, making it
the most-watched television event in history at the time [36].
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From May 2013 through April 2014, everyday people dominated
the e-cigarette conversation on Twitter by accounting for over
two-thirds of the tweets in the dataset. The e-cigarette
community movement represented the second most common
user type. As expected, everyday people accounted for the
majority of personal opinion and personal experience tweets,
though e-cigarette community movement accounts represented
a sizeable proportion of personal opinion tweets as well. These
two user groups accounted for 80% of information tweets, with
minimal information coming from government, public health
non-governmental organizations, and reputable news sources.
Future research may look into the legitimacy of the information
shared, its origins, and how it is shared across Twitter. This will
help us understand the degree to which e-cigarette information
spreads and how that might impact beliefs and opinions
surrounding e-cigarettes. Everyday people also tweeted nearly
a third of the marketing-related tweets, which is equivalent to
the percentage of marketing tweets from retailers and tobacco
companies combined. It is important to note that the volume of
tweets from a particular user group does not reflect the reach
or number of impressions their tweets made as this analysis did
not take into account the number of followers a Twitter account
has, nor the number of retweets or favorites a tweet received.
Although this is a limitation of the current study, it presents the
opportunity for future research to determine which Twitter
voices are the “loudest” in the sense that their tweets are being
seen and shared most often, and how these visible tweets
influence perceptions and use of e-cigarettes.

E-cigarette community tweets spiked in December 2013, which
represents a four-fold increase in tweet volume from the prior
month. The cause of the sharp rise in e-cigarette community
movement tweets remains unknown, but there were several
e-cigarette milestones during this time. For example, in
December 2013 Phillip Morris International Inc. announced its
partnership with Altria Group Inc. to sell e-cigarettes [37]. A
quarter of e-cigarette community tweets contained a Web link,
which was considerably higher than the average. This is worth
mentioning because Web links are often marketing vehicles,
with 60% of the marketing tweets in this dataset containing
Web links. The use of Web links among e-cigarette community
users may indicate consumers’ willingness to drive marketing
efforts and contribute to the normalization and popularization
of e-cigarettes.

Tweets originating from reputable news sources and government
agencies comprised less than 1% of the sample. There continues
to be debate regarding how to regulate e-cigarettes within the
United States and many countries. Our analysis from Twitter
suggests that the uncertainty expressed within the field of public
health is not reflected in the nature of the ongoing social media
dialogues. In the absence of informative dialogue from public
health authorities, personal opinion and marketing content
surrounding e-cigarettes have become the most common themes.
This sample shows a decisive dip in tweets originating from
accounts that were clearly marketers of e-cigarette products,
but a large amount of marketing content continues to be posted
by individuals and e-cigarette communities.

In addition to understanding who is talking on Twitter, it is
necessary to dissect what is being said. Most tweets were

determined to have positive sentiment indicating that Twitter
dialogue skews favorably toward e-cigarettes, although the
proportion of positive tweets declined during the analysis period.
This trend warrants further monitoring with specific
consideration for what fuels opinion over time. Furthermore,
this research establishes an e-cigarette sentiment baseline that
serves as a valuable starting point for public health professionals
to develop campaigns and interventions. A majority of
marketing-related tweets had positive sentiment, while
approximately one-fifth of news-related tweets were positive.
The most prevalent genre uncovered was personal opinion,
followed closely by marketing to comprise nearly half of the
sample. It can be expected that a platform like Twitter is
conducive to sharing personal opinion; however, 32% of
marketing tweets came from everyday people, while 32% came
from retailers and tobacco companies combined.

Strengths and Limitations
As with any research study, our study has limitations. It must
be noted that our analysis is quite specific to the topic of
e-cigarettes, and thus our keyword list was limited to terms
directly related to e-cigarettes. It is possible that we have
overlooked conversations around topics that are socially similar
to, but not exactly the same as e-cigarettes such as e-hookah.
In addition, the vocabulary surrounding e-cigarettes is
continuously growing and changing. This is due to the
expanding range of products, brands, and vaping-related
activities that people engage in. As a result, the list of keywords
used in this study would need to be reconsidered and almost
certainly expanded to accommodate the changing e-cigarette
and vaping terminology. Furthermore, calculation of precision
and recall for the search would have provided a better
understanding of the validity of terms retrieved by our search.
However, we are confident that our methodology is replicable,
with appropriate resources and thus would allow for expansion
in order to explore other emerging trends. We recommend
calculation of precision and recall to refine the search and report
validity using a systematic quantitative method such as that
described by Stryker et al [38].

Additionally, our exclusion methodology for relevance, which
included eliminating retweets without additional information
and duplicate tweets from suspended accounts, may have led
to an underestimation of the true prevalence of these types of
tweets. However, we believe that even if our study provides a
conservative estimate of the information available on Twitter
in relation to e-cigarettes, the information remains useful to
gain an understanding of the general trends. Future studies may
be interested in utilizing less restrictive relevance criteria and
using methods such as social network analysis to determine the
structure of the network and how this relates to dissemination
of e-cigarette attitudes and perspectives.

Twitter users do not represent the general population, and thus
findings from this study must be considered in the context of
people who use this specific social media platform [33].
Nonetheless, given the popularity of Twitter especially among
youth, black, and Latino populations [14], information from
studies such as ours provides an opportunity to access public
opinions from this particular subset of the population and use
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this information to form hypotheses and inform future research,
as well as to supplement prior research.

Additionally, in our analysis, we did not apply an explicit
weighting or correction methodology to adjust for changes in
tweet volumes over time because any approach to making such
an adjustment would potentially bias results. Given that most
of our descriptive metrics compare fractions of tweets of a
specific classification across points in time rather than absolute
numbers of tweets, we believe that the comparative picture
presented of the e-cig–related tweet landscape as it evolves over
time is valid.

Despite a few limitations, there were many strengths of this
analysis. Our study accessed data from the Twitter Firehose (ie,
access to all of the daily tweets on Twitter) and utilized a large
sample of tweets. Moreover, analyses were carried out over a
critical period of time in the e-cigarette landscape and expanded
on previously established methodologies for thematic analysis
of Twitter.

An additional key strength of this work is the significant amount
of time and effort spent manually building a dataset that is
sampled from the Twitter Firehose (rather than the free API).
The dataset of 10,128 manually coded tweets for this study is
a much larger sample than previous work on Twitter and
emerging tobacco products [21,22]. For example, the study
presented by Huang et al included 2000 manually coded tweets,
which served as the machine learning training set for over

75,000 e-cigarette-related tweets. Myslín et al’s work greatly
influenced our study, though it included traditional tobacco
products and other emerging products (eg, hookah) in addition
to e-cigarettes [22]. Myslín et al’s study used over 7300
manually coded tweets for its machine learning training set,
with only 4200 being relevant to tobacco, and fewer than 100
of these tweets were related to e-cigarettes.

For future research, the data from this content analysis can be
used as a training dataset to build supervised machine learning
algorithms. These algorithms can be used to implement
automated surveillance of e-cigarette-related conversations on
Twitter. This would allow more data to be analyzed with less
manpower and also allow observation and analysis of Twitter
trends for e-cigarette conversations over a greater period of
time. This form of infoveillance lends itself to several aspects
of tobacco control, including marketing regulations, underage
use, cessation, and health outcomes.

Conclusion
Continuing snapshots of the social media landscape around
e-cigarettes may help policymakers and public health
professionals assess changing trends and inform interventions
for tobacco cessation. Identifying means to integrate these types
of assessments and analyses into data collected by traditional
epidemiology and surveillance methods may prove especially
valuable [22]. Also, this study highlights a replicable
methodology and 5-category coding scheme that could be used
in the future for additional topic areas.
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Abstract

Background: In surveys, interviews, and focus groups, patients taking medications and offered Web portal access to their
primary care physicians’ (PCPs) notes report improved adherence to their regimens. However, objective confirmation has yet to
be reported.

Objective: To evaluate the association between patient Internet portal access to primary care physician visit notes and medication
adherence.

Methods: This study is a retrospective comparative analysis at one site of the OpenNotes quasi-experimental trial. The setting
includes primary care practices at the Geisinger Health System (GHS) in Danville, Pennsylvania. Participants include patients
18 years of age or older with electronic portal access, GHS primary care physicians, and Geisinger health plan insurance, and
taking at least one antihypertensive or antihyperlipidemic agent from March 2009 to June 2011. Starting in March 2010, intervention
patients were invited and reminded to read their PCPs' notes. Control patients also had Web portal access throughout, but their
PCPs' notes were not available. From prescription claims, adherence was assessed by using the proportion of days covered (PDC).
Patients with a PDC ≥.80 were considered adherent and were compared across groups using generalized linear models.

Results: A total of 2147 patients (756 intervention participants, 35.21%; 1391 controls, 64.79%) were included in the analysis.
Compared to those without access, patients invited to review notes were more adherent to antihypertensive medications—adherence
rate 79.7% for intervention versus 75.3% for control group; adjusted risk ratio, 1.06 (95% CI 1.00-1.12). Adherence was similar
among patient groups taking antihyperlipidemic agents—adherence rate 77.6% for intervention versus 77.3% for control group;
adjusted risk ratio, 1.01 (95% CI 0.95-1.07).

Conclusions: Availability of notes following PCP visits was associated with improved adherence by patients prescribed
antihypertensive, but not antihyperlipidemic, medications. As the use of fully transparent records spreads, patients invited to read
their clinicians’ notes may modify their behaviors in clinically valuable ways.

(J Med Internet Res 2015;17(10):e226)   doi:10.2196/jmir.4872
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Introduction

Advances in health information technology, including secure
patient portals associated with electronic health records (EHRs),
create new opportunities for providers, patients, and families
to interact and share information. Moreover, patient reports
suggest strongly that unprecedented access to clinical
information, including the notes clinicians write, may improve
adherence to medical regimens [1].

With the goal of promoting engagement and communication
between patients and clinicians, primary care physicians (PCPs)
participating in the OpenNotes initiative invited their patients
to read progress notes through a secure patient portal. A large
majority of patients in each site chose to read their notes and
reported feeling more in control of their health care, being more
prepared for visits, and understanding their medical conditions
better [2]. Of particular interest, they reported improving their
adherence to medications. More than two-thirds of patients
taking medications who responded to postintervention surveys
reported that access to their PCPs' notes helped them “take their
medications better” [3]. A similar small pilot study in heart
failure patients supports a correlation between medical record
access and improved adherence, but beyond self-report, no large
studies have examined whether adherence does indeed change
[4].

Nonadherence to medications is a major and potentially
modifiable risk factor for heavy utilization of health care
resources, disease progression, and mortality [5]. For newly
prescribed medications, 10 to 30% of patients never fill the
original prescription, and for some medications prescribed to
manage chronic illness, nonadherence rates can approach 50%
at 6 months [6]. Low adherence to medications can affect both
patient outcomes and health care costs, with some estimating
US $100 billion in excess US health care system costs per year
[7]. Improving adherence has long been a challenge for both
clinicians and patients; although some interventions targeting
the patient, provider, and the health delivery system have
demonstrated higher adherence, they are often limited to defined
diseases or patient populations, are frequently costly, and the
results from different studies vary considerably [8,9]. Ideally,
interventions designed to encourage adherence would take into
account patient and provider preferences, would be inexpensive,
would both work across and be tailored to multiple health
conditions, and would be replicable across settings.

The Geisinger Health System (GHS), one of three sites in the
OpenNotes inquiry, offers health insurance to about a third of
the patients it manages, and among them we had the opportunity
to examine to what degree patients filled and refilled
prescriptions written by their PCPs. Two conditions with high
frequency in this population are hypertension and
hyperlipidemia. With medications prescribed for these
conditions as markers, the goal of our study was to evaluate
whether a reminder to read, and the ready availability of, PCP
progress notes did indeed affect patient medication adherence.

Methods

Design Overview
The OpenNotes study was a multicenter, prospective
quasi-experimental study of participants invited to read PCP
notes through electronic portals following their visits [2]. In
2010, the intervention was initiated at three sites: Beth Israel
Deaconess Medical Center in Boston, Harborview Medical
Center in Seattle, and the GHS in Pennsylvania. Surveys
completed by patients and physicians, both those volunteering
to participate in the intervention and those declining
participation, were previously reported [1,3]. For this inquiry,
we conducted a quasi-experimental comparative study among
patients within the GHS. The study was conducted with
Institutional Review Board (IRB) review at GHS; it was
determined to be exempt due to the use of deidentified data.

Setting and Participants
GHS is a fully integrated health care system that provides health
services to more than 2.6 million people in a 44-county region
in central and northeast Pennsylvania. In GHS’s area of
coverage, 29 counties are designated as rural, with 18% of the
population over 65 years of age. An EHR system has been fully
operational within GHS practices since 2001. Information from
the EHR along with financial, health plan prescription and
medical claims, patient satisfaction, and high-use third-party
reference datasets are backed up on a comprehensive enterprise
data warehouse every 24 hours.

Patients from GHS included those cared for by 24 PCPs in 14
clinic locations who volunteered to participate in the OpenNotes
evaluation, and those cared for by 78 PCPs in the same clinics
who declined to participate. There was at least one
nonparticipating PCP in each clinic where a participating PCP
practiced. Patients were included if they were 18 to 89 years of
age, assigned a GHS PCP, had an active portal account (called
MyGeisinger), and had Geisinger health plan insurance 1 year
prior to the intervention (March 1, 2009-February 28, 2010 or
July 1, 2009-June 30, 2010) and throughout the time period of
the intervention (March 1, 2010-February 28, 2011 or July 1,
2010-June 30, 2011). Patients were included if they had a
prescription claim filed for an antihypertensive or
antihyperlipidemic medication during the year prior to deploying
OpenNotes (baseline), and during the study year (follow-up) of
the analysis.

Intervention
Intervention patients were offered access to their PCP notes via
the MyGeisinger Web portal. Following signature of a note by
a PCP documenting an encounter, patients received an email
message sent to their personal email address notifying them of
a portal message. The message included a direct link to the note
section of the portal. In addition, prior to their next scheduled
PCP appointment, a MyGeisinger reminder message was sent,
encouraging the patient to review the previous PCP note(s) prior
to the appointment. Control patients were those meeting the
inclusion criteria above and were listed as a patient from the
panel of nonparticipating physicians within a practice where at
least one OpenNotes physician was participating. Control
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patients were also MyGeisinger users, but did not have access
to their PCP notes. All other portal functionality, including
access to lab results, medication and problem lists, appointment
information, and correspondence with providers, was available
to both intervention and control patients throughout the study
period. Because there were more PCPs who did not volunteer
to participate, we expected to have more control than
intervention patients.

Outcomes and Follow-Up
We compared adherence to two classes of medications,
antihypertensive and antihyperlipidemic agents, both commonly
prescribed in our primary care population and for which previous
interventional studies have evaluated adherence through
prescription records [10-13]. From prescription claims,
adherence was assessed by using the proportion of days covered
(PDC) [14]. The PDC was defined as the number of days
covered, based on the medication fill date and days of supply,
multiplied by the number of claims in the defined period, divided
by the length of the study period (365 days). Drugs within one
subclass were included in the same PDC calculation. If more
than one subclass claim was identified per patient during the
period of interest (eg, atenolol and hydrochlorothiazide),
separate PDCs were calculated for each and then averaged
together to arrive at one antihypertensive or antihyperlipidemic
PDC per patient per period of interest. The value of a PDC is
bounded between 0 and 1 and is often converted to percentages
between 0 and 100%. Our primary outcome was adherence
during the follow-up year. We used a breakpoint of ≥80% PDC
for adherence, a percentage widely accepted in the literature as
appropriate for designating adherent versus nonadherent patients
for these classes of medications [15,16]. We evaluated rates of
adherence versus nonadherence in the two time periods (baseline
and follow-up).

Statistical Analysis
We calculated means and standard deviations for symmetric
continuous variables, medians and interquartile ranges (IQRs)
for asymmetric continuous variables, and frequencies and
percentages for categorical variables. Baseline comparisons
between intervention and control groups were made using a
two-sample t test or Kruskal-Wallis test, and Pearson's
chi-square tests. We used a dichotomous variable of adherent
as the outcome variable, with a value of 1 assigned to patients
having ≥80% PDC. Multivariable logistic regression was used
to detect differences between groups, controlling for potential
confounders which included diabetes, body mass index (BMI),
and the number of primary care visits per year.

In a secondary analysis to determine whether patients changed
adherence status pre- and postintervention, a four-level outcome
variable was created: nonadherent to adherent, adherent to
adherent, nonadherent to nonadherent, and adherent to
nonadherent. A multinomial logistic regression model was used
to test for differences between groups. All statistical analyses
were performed using SAS software, version 9.3 (SAS Institute,
Cary, North Carolina).

Results

Patients with GHS insurance cared for by 102 PCPs—24
participating and 78 nonparticipating—were available for
comparison. In all, 2147 subjects were eligible and included in
our analysis: 756 (35.21%) in the OpenNotes participating group
(intervention) and 1391 (64.79%) in the nonparticipating group
(control) (see Figure 1).

Characteristics at baseline were similar between the two groups,
except for the prevalence of diabetes mellitus and an elevated
BMI, both of which were slightly higher in the intervention
group (see Table 1). Patients were 59 years of age on average,
split about evenly between men and women, and
overwhelmingly white.
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Table 1. Baselinea characteristics for antihypertensive and antihyperlipidemic cohorts.

Antihyperlipidemic agentsAntihypertensive agentsVariable

PControl

(n=913)

Intervention

(n=474)

PControl

(n=1008)

Intervention

(n=561)

.7460.6 (11.8)60.4 (11.6).3959.9 (12.7)60.5 (12.9)Age in years, mean (SD)

.33466 (51.0)229 ( 48.3).19554 (54.96)289 (51.5)Sex (female), n (%)

.84908 (99.5)471 ( 99.4).671001 (99.31)556 (99.1)Race (white), n (%)

.5680 (8.8)46 (9.7).7789 (8.83)52 (9.3)Hospitalizations in previous year, n (%)

.0990 (9.9)61 (12.9).21110 (10.91)73 (13.0)Emergency department visits in previ-
ous year, n (%)

.223.3 (2.0-4.7)3.3 (2.0-5.0).093.3 (2.0-4.7)3.3 (2.3-5.3)PCP encounters per year, median (IQR)

.0530.1 (26.8-33.8)30.7 (27.3-34.7).0831.1 (27.5-35.4)31.6 (28.1-35.9)Body mass index (kg/m), median (IQR)

.43128.4 (11.6)127.9 (12.0).74131.0 (11.5)130.8 (12.2)Systolic blood pressure (mmHg), mean
(SD)

.9175.1 (7.4)75.1 (7.6).6276.2 (8.0)76.4 (8.1)Diastolic blood pressure (mmHg),
mean (SD)

.17182.8 (39.6)179.8 (38.4).07184.6 (38.1)180.9 (34.8)Total cholesterol (mg/dl), mean (SD)

.0650.3 (13.9)48.8 (13.3).0451.3 (15.1)49.6 (14.7)High density lipoprotein (mg/dl), mean
(SD)

.16101.6 (32.8)99.0 (31.7).15103.3 (32.1)100.8 (29.0)Low density lipoprotein (mg/dl), mean
(SD)

.546.8 (1.1)6.8 (1.1).326.7 (1.0)6.8 (1.2)Hemoglobin A1c (%),

mean (SD)

.580.8 (1.1)0.9 (1.1).560.8 (1.1)0.9 (1.1)Charlson Comorbidity Index score,
mean (SD)

.84177 (19.4)94 (19.8).08151 (14.98)103 (18.4)Coronary artery disease,

n (%)

.3963 (6.9)27 (5.7).2282 (8.13)36 (6.4)Heart failure, n (%)

.99537 (58.8)279 (58.9).75794 (78.77)438 (78.1)Hypertension, n (%)

.40749 (82.0)380 (80.2).72586 (58.13)321 (57.2)Hyperlipidemia, n (%)

.08224 (24.5)137 (28.9).01231 (22.92)160 (28.5)Diabetes mellitus, n (%)

aBaseline measurements occurred on March 1, 2010, for pilot providers and July 1, 2010, for remaining participating providers.
bPrimary care physician (PCP).
cInterquartile range (IQR).
dAverage of up to three most recent readings leading up to intervention start.
eMost recent reading leading up to intervention start.

Of the 2147 eligible participants, 818 (38.10%) (281
intervention, 34.4%; 537 control, 65.6%) had a prescription
claim for both an antihypertensive and antihyperlipidemic agent,
751 (34.98%) (280 intervention, 37.3%; 471 control, 62.7%)
had a prescription claim for only an antihypertensive agent, and
569 (26.50%) (193 intervention, 33.9%; 376 control, 66.1%)
had a prescription claim for only an antihyperlipidemic agent
in both baseline and follow-up years. Out of 2147 patients, 1569
(73.08%) (561 intervention, 35.76%; 1008 control, 64.24%)
were taking at least one antihypertensive agent, and 1387
(64.60%) (474 intervention, 34.17%; 913 control, 65.83%) were
taking at least one antihyperlipidemic agent during the baseline

and follow-up time periods. Average PDC ranged from 85 to
87% across the 2-year time frame for both antihypertensive and
antihyperlipidemic agents (see Multimedia Appendix 1).

Patients in the intervention group were more likely to be
adherent to antihypertensive medications compared to the
control group (79.7% and 75.3%, respectively)—absolute risk
difference, 4.4%; adjusted risk ratio, 1.06 (95% CI 1.00-1.12);
P=.04 (see Table 2). We found no difference in adherence
among those prescribed antihyperlipidemic agents (77.6% for
intervention and 77.3% for control)—adjusted risk ratio, 1.01
(95% CI 0.95-1.07); P=.86.
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Table 2. Comparison of patients' adherencea to treatment during baseline and follow-up periods in the intervention and control groups.

AdjustedbUnadjustedControlInterventionType of agent

F-U risk ratio
(95% CI), P

BL risk ratio
(95% CI), P

F-U risk ratio
(95% CI), P

BL risk ratio
(95% CI), P

F-U,

n (%)

BL,

n (%)
F-Ud,

n (%)

BLc,

n (%)

1.06

(1.00-1.12),

.04

0.99

(0.94-1.05),

.84

1.06

(1.00-1.12),

.04

0.99

(0.94-1.04),

.64

759
(75.30)

799
(79.27)

447
(79.7)

439
(78.3)

Antihypertensive

(nI
e=561, nC

f=1008)

1.01

(0.95-1.07),

.86

1.04

(0.98-1.10),

.21

1.00

(0.95-1.07),

.90

1.04

(0.98-1.10),

.23

706
(77.3)

691
(75.7)

368
(77.6)

372
(78.5)

Antihyperlipidemic

(nI
e=474, nC

f=913)

aAdherent is defined as patients with proportion of days covered (PDC) ≥.80 (percentage with PDC ≥80%).
bFor antihypertensive agents: adjusted for diabetes, body mass index (BMI), and primary care visits per year; for antihyperlipidemic agents: adjusted
for diabetes and primary care visits per year.
cBaseline (BL).
dFollow-up (F-U).
eNumber of included patients in the intervention group (nI).
fNumber of included patients in the control group (nC).

In a secondary pre/post comparative analysis of antihypertensive
users, the percentages of nonadherent to adherent and
persistently adherent were 11.2% (63/561) and 68.5% (384/561)
in the intervention group, respectively, compared to 9.23%
(93/1008) and 66.07% (666/1008) in the control group (see
Table 3). Intervention patients had a 27% higher probability of
having the outcome of nonadherent to adherent, versus changing
from adherent to nonadherent—adjusted risk ratio, 1.27 (95%
CI 1.00-1.54); P=.048. In a number-needed-to-treat (NNT)

analysis, with an absolute difference of 2.0% improvement
(11.2% vs 9.2%) from nonadherent to adherent, for every 50
patients offered access to physicians' notes through a Web portal,
1 additional patient will move from nonadherent to adherent to
their antihypertensive medication. There was no significant
difference between groups in movement from nonadherent to
adherent among antihyperlipidemic users—adjusted risk ratio,
0.87 (95% CI 0.65-1.11); P=.30.

Figure 1. Patient cohort selection.
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Table 3. Within-person proportional changes and risk estimates in adherence from baseline to follow-up.

Adjustedb RR

(95% CI), P

Unadjusted RRa (95%
CI), P

Control,

n (%)

Intervention,

n (%)
Movement from baseline (1st

listed) to follow-up (2nd list-
ed)

Type of agent

Antihypertensive

(nI
c=561, nC

d=1008)

N/AN/Ag133 (13.19)55 (9.8)Reference (adherente to non-

adherentf)

1.27 (1.00-1.54),

.048

1.30 (1.03-1.56),

.03

93 (9.23)63 (11.2)Nonadherent to adherent

1.05 (1.00-1.09),

.04

1.05 (1.00-1.09),

.05

666 (66.07)384 (68.4)Adherent to adherent

1.04 (0.96-1.09),

.30

1.03 (0.96-1.09),

.36

116 (11.51)59 (10.5)Nonadherent to nonadherent

Antihyperlipidemic

(nI
c=474, nC

d=913)

N/AN/A80 (8.8)49 (10.3)Reference (adherent to nonad-
herent)

0.88 (0.65-1.11),

.30

0.88 (0.66-1.11),

.32

95 (10.4)45 (9.5)Nonadherent to adherent

0.98 (0.92-1.02),

.42

0.98 (0.93-1.02),

.44

611 (66.9)323 (68.1)Adherent to adherent

0.88 (0.68-1.06),

.20

0.88 (0.68-1.06),

.20

127 (13.9)57 (12.0)Nonadherent to nonadherent

aRisk ratio (RR).
bFor antihypertensive agents: adjusted for diabetes, body mass index (BMI), and primary care visits per year; for antihyperlipidemic agents: adjusted
for diabetes and primary care visits per year.
cNumber of included patients in the intervention group (nI).
dNumber of included patients in the control group (nC).
eAdherent is defined as proportion of days covered (PDC) ≥80%.
fNonadherent is defined as PDC <80%.
gNot applicable (N/A).

Discussion

This study is the first large-scale report suggesting that
medication adherence to antihypertensive medications improves
among patients granted access to review PCP notes through a
Web portal. In individual interviews, focus groups, and surveys,
patients indicated that being reminded to, and having access to,
read their clinicians’ notes lead them to use prescribed
medications “better” [1]. This study provides evidence that a
cohort of patients invited to review their PCPs’ progress notes
through a secure electronic portal demonstrate increased
adherence to medications prescribed for hypertension, but not
for hyperlipidemia.

Our results are consistent with a smaller randomized study in
which 107 heart failure patients received either usual care or
access to a secure online medical record that also included
clinical notes [4]. Using the general adherence scale,
self-reported adherence improved significantly at 12 months in
the intervention group. In our study of a larger patient

population, information gathered from prescription claims is
consistent with that finding when evaluating patients prescribed
medications for hypertension.

Why did we find change among patients with respect to
antihypertensive therapy, but not with antihyperlipidemic drugs?
Prior to undertaking this analysis, in a group discussion with
PCPs, including two authors of this study (JD, TD), a group of
clinicians hypothesized the findings would more likely
demonstrate increased adherence to medications prescribed for
antihypertensives than for lipid abnormalities. Reflecting on
their own practices, they felt their notes frequently reflected
uncertainty about indications for therapy with statins, along
with concerns about side effects. In contrast, they felt notes
were more definitive about the need for patients to use
antihypertensives. Further, pharmacotherapy guidelines for
hypertension are widely accepted by clinicians, but there is
long-standing and constantly evolving debate about indications
for pharmacotherapy following the measurement of lipid levels
[17,18]. Do the doctors’ notes convince patients to adhere more
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closely to antihypertensive regimens, while reinforcing potential
ambivalence in both their doctors’ and their own minds when
it comes to evaluating and managing lipid levels?

In a post hoc sensitivity analysis of patients prescribed both
antihypertensive and antihyperlipidemic agents versus those
prescribed either alone, we found a similar magnitude of
adherence effect in the antihypertensive and antihyperlipidemic
arms regardless of concomitant therapy (internal analysis). In
essence, we noted no positive carryover of effect of using
antihypertensive agents among those also using
antihyperlipidemic agents. This may infer that there is indeed
a differential value placed on the benefit of antihypertensive
therapy versus antihyperlipidemic therapy. While our findings
support our hypothesis, there remains uncertainty as to why a
differential effect was found.

Another potential rationale for the difference noted between
antihypertensive and antihyperlipidemic groups could relate to
the very small decline in adherence from baseline year to
follow-up year in either the intervention or the control groups
despite evidence that adherence declines over time [19]. We
suspect that the inclusion of prevalent antihypertensive and
antihyperlipidemic users resulted in this more gradual decline
from baseline to follow-up. A drop in adherence to these chronic
medications in the first year is well established, but less is
known about the adherence changes from one year to the next
in populations with long-standing use of such drugs. In a study
of elderly patients taking antihypertensive medications,
Krousel-Wood et al reported about a 4.3% decline in the rate
of adherence per year [20]. We noted a comparable adherence
change in the control antihypertensive group, but not in the
antihyperlipidemic control arm, suggesting that the
antihypertensive control is a more reliable comparison group.

Although we demonstrated that patients who have access to
their progress notes have a higher adherence rate to
antihypertensive medications, in contrast to the striking patient
self-reports, the magnitude of this effect was small. This may
reflect limitations in study design deriving from retrospective
analysis in a quasi-experimental study not designed or powered
to test hypotheses about adherence to medication. We also noted
very high adherence levels of our patients throughout the
baseline and follow-up periods, perhaps limiting our ability to
measure significant changes in adherence. The mechanism by
which our patients have improved adherence is largely explained
through improved engagement by reading patient notes and/or
the reminder to read them. Although this mechanism seems
ultimately plausible based upon this evaluation study, it does
not specifically target medication nonadherence like other
interventions facilitated through patient portals, such as
automatic refill requests [21].

Nevertheless, the internal validity of our study is strong, due to
the study design and similar comparative groups (see Table 1).
We worked to overcome confounding and selection biases by
using controls from offices where both participating and
nonparticipating physicians cared for patients. In addition, we

adjusted our analysis for known and potential confounders and
found nothing measurably different from the crude results,
suggesting that the comparison group contained characteristics
very similar to those known and likely unknown in the
intervention group. Finally, we were able to find and measure
variables of interest through our electronic and administrative
claims database, providing detailed capture of information
among our largely nonmigratory patient population.

While the findings are consistent with our initial hypotheses,
they may be confounded by factors we cannot measure at
baseline. Although not randomized, since the intervention was
implemented to patients on the level of the physician, it
minimizes, but may not eliminate, unmeasured patient-level
differences that could confound results. Differences between
groups that developed during the study are more difficult to
attribute to confounders unrelated to the interventions instituted
as part of rolling out this project. For example, if providers
increased contact and interventions with patients more in the
intervention arm, this may be due to patients reading their
doctors' notes, or it may be unrelated. With OpenNotes being
as much a physician-level as a patient-level intervention, this
change in practice may impact physician behavior in ways that
could influence the outcomes measured in this study, in essence
resulting in a Hawthorne effect reinforcing the change in patient
behavior we anticipated would occur.

Finally, although not designed or powered to detect differences
in clinical end points, medication adherence was identified as
a measure of interest during the initial and subsequent phases
of this project, limiting bias caused by testing of multiple
hypotheses. However, while an appropriate comparator group
was identified, there may be baseline differences between the
groups beyond those for which we controlled in our adjusted
analysis, and this could contribute to the different findings for
the two classes of medications. On the other hand, the findings
may also underestimate the impact of the intervention, since
some patients taking either of the medications in the study group
may not have read their PCPs' notes. Overall, 18% of GHS
patients cared for by PCPs in the intervention group chose not
to read any notes during the approximately year-long study
period. While it could be expected that larger effect sizes could
be reached by excluding those not having read their notes, we
attempted to show the real-world effects of the intervention by
including all patients, regardless of note viewing in the final
analysis.

Patients reported that reading their clinicians’ notes helps them
with their medical regimen, and improved adherence may both
improve the quality of care and decrease costs over time, thereby
adding value to a system avidly seeking ways to improve care.
Albeit carrying modest weight, our findings are consistent with
what patients report and what we anticipated. More and wider
measurements of these important components of care are
urgently required, but for now, the evidence is increasing that
fully transparent records can improve communication and
engage patients more actively in their own care.
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Abstract

Background: Videogame interventions are becoming increasingly popular as a means to engage people in behavioral interventions;
however, strategies for examining data from such interventions have not been developed.

Objective: The objective of this study was to describe how a technology-based intervention can yield meaningful, objective
evidence of intervention exposure within a behavioral intervention. This study demonstrates the analysis of automatic log files,
created by software from a videogame intervention, that catalog game play and, as proof of concept, the association of these data
with changes in substance use knowledge as documented with standardized assessments.

Methods: We analyzed 3- and 6-month follow-up data from 166 participants enrolled in a randomized controlled trial evaluating
a videogame intervention, PlayForward: Elm City Stories (PlayForward). PlayForward is a videogame developed as a risk
reduction and prevention program targeting HIV risk behaviors (substance use and sex) in young minority adolescents. Log files
were analyzed to extract the total amount of time spent playing the videogame intervention and the total number of game levels
completed and beaten by each player.

Results: Completing and beating more of the game levels, and not total game play time, was related to higher substance use
knowledge scores at the 3- (P=.001) and 6-month (P=.001) follow-ups.

Conclusions: Our findings highlight the potential contributions a videogame intervention can make to the study of health
behavior change. Specifically, the use of objective data collected during game play can address challenges in traditional
human-delivered behavioral interventions.

Trial Registration: Clinicaltrials.gov NCT01666496; https://clinicaltrials.gov/ct2/show/NCT01666496 (Archived by WebCite
at http://www.webcitation.org/6cV9fxsOg)

(J Med Internet Res 2015;17(10):e245)   doi:10.2196/jmir.4377
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Introduction

In recent decades, eHealth interventions, defined as the use of
information technology in the promotion, prevention, treatment,
and maintenance of health care [1], have emerged as a new and
compelling form of intervention that can reach all ages and
ethnic groups [2]. eHealth interventions are a promising form
of intervention delivery because they (1) have the potential to
reach wider audiences who are not motivated to use in-person
approaches, (2) have lower delivery costs than human-delivered
interventions, (3) allow for the standardization of delivery
content, and (4) offer multiple dissemination channels (eg,
smartphones, videogames) [2,3]. Videogames, in particular, are
emerging as an effective platform for the delivery of behavioral
health interventions [4-6]. For example, Kato et al [7] developed
a videogame intervention to address issues related to cancer
care and treatment for patients between the ages of 13 and 28
years. After playing either the intervention game or a control
game for 1 hour per week for 3 months, patients in the
intervention condition had significantly higher self-efficacy and
knowledge related to their treatment and management of
symptoms as well as greater adherence to medications [7]. This
intervention used only videogame play time as an indication of
exposure to the intervention. Videogames allow for an
interactive experience in a virtual environment, which affords
players the opportunity to experience the full spectrum of
outcomes related to different choices without actually having
to live through the potentially harmful consequences (eg, HIV
infection) [8]. Theory-based interventions (ie, those that target
and change psychological constructs) are more effective at
producing behavior change [9] than non-theory-based
interventions and the advancement of videogame interventions
and technology in general allows researchers to better
understand the entire process.

Active Ingredients of Change
Interventions designed from health behavior theory are more
successful than those that are not theory-based [9,10]. Behavior
change interventions are often complex, targeting multiple
theoretical constructs in hopes of changing behavior [11]. The
complex framework in which many interventions are built means
there are a variety of factors being intervened on at once; thus,
a limitation of conventional behavior change interventions is
the ability to accurately catalog exposure to a given intervention
component. Because behavioral interventions are now delivered
via emerging technologies, opportunities to improve on
traditional assessments of intervention implementation are being
established [12]. Indeed, for more than a decade, researchers
have been encouraged to think creatively to establish systems
for gathering data through these eHealth interventions to explore
the active ingredients of change [13,14]. Videogame-based
interventions provide a concrete example of how innovative
techniques to measure exposure can be implemented through
eHealth interventions.

Importance of Implementation Guides
Videogames have the advantage of providing highly accurate
and granular exposure to information through the analysis of
each player’s unique game play and decisions. Videogame

software can create automatic logs with timestamps of all aspects
of a player’s experience (eg, button presses, game levels entered
and exited, actions taken) to a level of detail allowing for the
recreation of the entire game play session. New avenues for
data collection using videogames, and broadly all
Internet-delivered interventions, are emerging [11].
Implementation guides for these new assessment methods, such
as using event log files, are needed to catalog these techniques
in a purposeful, coherent, and understandable way to advance
the field [15]. These guides will allow for the level of detail
needed to create new research questions regarding game play
interactions, participant experience, and process evaluation.

Substance Use
Adolescents use substances such as alcohol and marijuana. In
2011, 70% of students in grade 12 reported having tried alcohol
and 50% reported being drunk at least once [16]. Marijuana is
another substance used frequently in adolescence with 46% of
those in grade 12 reporting using marijuana at least once in their
lifetime [16]. Substance use is often associated with unprotected
sexual activities [17,18] and an increased number of accidental
deaths among adolescents [19]. However, it is unclear if
adolescents are knowledgeable about the negative consequences
related to substance use. It is critically important to examine
what adolescents know about substance use to create effective
risk reduction interventions.

This Study
This study acts as a guide, demonstrating (1) the analysis of
automatic log files created by videogame software that catalog
game play and (2) the association of these data with changes in
substance use knowledge documented by assessments. This
videogame-based intervention was grounded in social cognitive
theory [20] and message framing [21]—derived from prospect
theory [22]—and was developed to reduce HIV risk behaviors
among young adolescents. The purpose of this paper is to
describe how a technology-based intervention can yield
meaningful, objective evidence of intervention exposure and
participant experience within a behavioral intervention. As proof
of concept, we will then demonstrate how these data relate to
an important psychological construct related to behavioral
outcomes: knowledge [23]. We sought to determine how
performance in the game (eg, by points earned) relates to
knowledge as measured using a standardized validated
instrument. The implications of this strategy for extracting data
from the game software and evaluating participants’ game
processes within a behavioral intervention can be extrapolated
to interventions employing a wide variety of other technologies.
Utilizing log files to capture a player’s unique game play
decisions and process will ultimately facilitate a broader
understanding of behavior change and potentially support the
use of videogames not only as effective interventions, but also
as valid assessment tools.

Methods

Participants
A total of 333 participants, aged 11 to 14 years, were enrolled
in a randomized controlled trial in which they played either an
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intervention game, PlayForward: Elm City Stories, or a set of
attention- and time-control games for a maximum of 16 hours
over 6 weeks. Participants were recruited from community
afterschool, school, and summer programs in New Haven, CT.
All procedures were approved by the Yale University Human
Investigation Committee.

The Videogame Intervention
PlayForward: Elm City Stories is a videogame developed as a
risk reduction and prevention program targeting HIV risk
behaviors, primarily sex- and substance use–related, in young
minority adolescents. PlayForward was developed through
extensive formative work with the target audience [5,8,24,25].
The main storyline of the game is comprised of “challenge
stack” levels in which players travel through a virtual life from
grade 7 to 12 and engage in role-playing scenarios where they
must make decisions around risky behaviors (eg, unprotected
sex, alcohol use) and experience the positive and negative
consequences of those behaviors. The participants acquire
risk-related knowledge, navigate peer relationships, and
negotiate against peer pressure. Players encounter realistic
stories experienced by middle school and high school students,
such as sneaking into a significant other’s house, unplanned
pregnancy, vandalism, and drunk driving. Players must also
earn points in mini-games designed to build knowledge or
behavioral skills needed to avoid risk, such as refusal,
negotiation, or peer-assessment skills. Through these
mini-games, players acquire the “senses” and “powers” needed
to resolve the stories (for a complete list of the mini-games see
[24]). To demonstrate our analysis strategy, we will focus on
Know Power.

Know Power provides the player with accurate and relevant
information about the consequences of engaging in risky
behaviors. This mini-game, comprised of 10 levels, emphasizes
the development and clarification of adolescents’ values and
evaluations of risk behavior and provides them with information
about the consequences of and alternatives to engaging in these
behaviors. Positive attitudes toward avoiding substance use,
delaying sexual initiation, and general risk reduction are
cultivated in this component of the game. Know Power
specifically focuses on increasing knowledge and creating
positive attitudes about HIV risk reduction behaviors.

Measures

Knowledge
Participants were asked to complete a 22-item multiple-choice
assessment of substance use and sexual health knowledge at
each time point. The 22 items related to knowledge were adapted
from several adolescent knowledge content sources, including
an evidence-based curriculum that has been proven effective in
reducing the risk of HIV, sexually transmitted infections, and
teen pregnancy in young minority adolescents [26-28]. For this
study, the subset of 8 questions addressing substance use
knowledge was used. Participant response options were true,
false, and not sure. These items included:

1. Drug users who use needles to inject drugs into their bodies
have a greater chance of getting HIV if they share needles
with other people.

2. People who use drugs occasionally can’t become addicted
to them.

3. Taking someone else’s prescription drugs is safe as long
as the person giving them to you says it is okay.

4. Using any drug can be more dangerous when taken with
alcohol or other drugs.

5. People are more likely to make unsafe decisions about sex
(eg, not wearing a condom) if they have been using drugs
or drinking alcohol.

6. Drinking coffee or taking a cold shower can help sober
someone up who is drunk.

7. If a person drinks too much alcohol, they might get sick
from alcohol poisoning.

8. Alcohol poisoning can cause a person to stop breathing or
choke to death on their own vomit.

Game Play Log Files
PlayForward was designed to capture granular information
about each player’s gameplay experience, actions, and behavior
in event logs. There were 2 kinds of data collected: (1) player
game state data, the traditional save/load data required so that
a player can save their progress and then pick up where they
left off later and (2) activity logging data that captures relevant
actions players took during game play. Activity logging data
included which game content players were exposed to, how
long it took them to solve particular game levels, how much
time was spent playing various portions of the game, when
players beat particular levels of the game, and how many levels
were beaten. Every action that the player performed in the
game-selecting options, entering/exiting a game area, or making
a choice was recorded with a timestamp. Timestamped data
were stored in comma-delimited log files, which were then
imported into a database for data analysis. Two game play
variables from the activity logging data were extracted: the total
amount of time spent playing PlayForward and the total number
of game levels (challenge stacks) beaten. Total game play time
was calculated by identifying timestamped game start and end
events, calculating a time interval for each game session, and
then summing the time across all play sessions during the trial.
Total number of game levels beaten was calculated by adding
up the number of game level completion events for each player.
We did not focus on which game content players were exposed
to because PlayForward is sequenced in a linear fashion, such
that players are required to beat particular mini-game levels in
a specific sequence to progress through challenge stacks.
Therefore, players with the same number of total levels beaten
were exposed to the same content.

Players in the PlayForward cohort were divided into 2 subsets
(high scoring and low scoring) based on whether they were
above (high scoring) or below (low scoring) the median number
(median=8) of total game levels beaten. When participants were
instructed to restart the game, game play time from their second
attempt was factored into the total number of hours played, but
completion of game levels a second time did not count toward
a higher score (scores were capped at 12 because there are 12
levels in the game).
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Data Analysis
Substance use knowledge was examined for participants in the
PlayForward condition at baseline, 3 months, and 6 months
postintervention. First, a repeated measures ANOVA was used
to examine mastery effects on substance use knowledge over
time. Bivariate relationships were also examined among log
file variables and substance use knowledge. A 2-sample t test
was used to compare substance use knowledge scores between
the high- and low-scoring groups at each time point. Multivariate
regression methods were used to assess the impact of baseline
knowledge score, total amount of time spent playing
PlayForward, and total number of game levels (challenge
stacks) beaten by each player on the gain in substance use
knowledge at 3- and 6-months postintervention.

Results

For the current study, only participants in the experimental
condition (ie, PlayForward) were examined because these were
the participants with game play data available (N=166; mean
age 12.95, SD 1.03 years; mean game play time 7.27, SD 3.55
hours; median 8.24, IQR 3.70-10.14 hours; see Table 1 for
demographics). Of the participants in the PlayForward group,
72 were in the high-scoring group, 72 were in the low-scoring
group, and 22 players either had missing or corrupted log file
data due to game software or transcription errors. Those 22
players with missing or corrupted log files were not included
in the analyses. There was a significant difference between the
age groups such that older participants were also more likely
to be high-scoring players. A total of 37 players beat the
PlayForward videogame and were instructed to restart the game
and play through a second time.

Table 1. Baseline demographic characteristics of participants (N=144).

PTest statisticGroup by game play scoreCharacteristic

t 142χ2 (df)Low score

n=72

High score

n=72

.400.7 (1)31 (43)36 (50)Gender (female), n (%)

.012.6812.72 (1.03)13.18 (1.03)Age (years), mean (SD)

.960.6 (4)Race/Ethnicity, n (%)

3 (4)3 (4)Caucasian

23 (32)27 (38)Black

29 (40)25 (35)Hispanic

8 (11)8 (11)Biracial

9 (13)9 (13)Other

Group Differences in Substance Use Knowledge
Knowledge scores were assigned based on the total number of
correct answers on the test (maximum score=8; mean 4.52, SD
1.81). There were no statistically significant differences between
the groups with respect to baseline substance use knowledge
score (high scoring: mean 4.65, SD 1.80; low scoring: mean
4.42, SD 1.82; t102=–0.64, P=.52). Players with a high score in
the game had significantly higher scores on the assessment of
substance use knowledge at both 3-month (high scoring: mean
6.72, SD 1.45; low scoring: mean 4.74, SD 2.42; t102=–5.11,
P=.001) and 6-month (high scoring: mean 6.56, SD 1.53; low
scoring: mean 4.78, SD 2.38; t102=–4.57, P=.001) follow-ups.
Specifically, players who mastered the intervention material
(ie, high-scoring players) were also more knowledgeable of
substance use facts (eg, “If a person drinks too much alcohol
they might get sick from alcohol poisoning”). A significant

mastery by time interaction existed for substance use knowledge
(F2,101=9.41, P=.001). High-scoring players had greater
substance use knowledge at the 3- and 6-month follow-up
periods.

Factors Associated with Substance Use Knowledge
We examined the bivariate relationships among the log file data
(number of levels beaten: mean 7.64, SD 3.61; number of hours
playing game: mean 7.27, SD 3.55) and substance use
knowledge at baseline (mean 4.52, SD 1.81) and at the 3-month
(mean 5.68, SD 2.24) and 6-month (mean 5.65, SD 2.18)
follow-ups (see Table 2). Baseline substance use knowledge
was not associated with either number of levels beaten or total
time spent playing the game. Both 3- and 6-month substance
use knowledge were positively associated with number of levels
beaten or total time spent playing the game. Number of levels
beaten was more strongly related to 3- and 6-month substance
use knowledge than total time spent playing the game.
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Table 2. Relationship between knowledge and game play variables.

54321Knowledge and game play

PR 2PR 2PR 2PR 2PR 2

__1. Baseline knowledgea

—.001.4112. 3-Month knowledgea

—.001.809.001.3313. 6-Month knowledgea

—.001.531.001.528.1134. Number of levels beatenb

—.001.584.02.219.03.205–.0335. Number of hours playing game

a Knowledge scores range from 0 to 8.
b Number of levels beaten maximum=12.

Predictors of Substance Use Knowledge at Follow-Up

Three-Month Follow-Up
Age differences were found at baseline (Table 1) such that older
participants were more likely to also be high-scoring players;
therefore, age was included in the model to determine if age
differences were responsible for mastery of game material.
Collapsing across groups (ie, high scoring vs low scoring),
results of the multivariate regression analyses examining game
play variables as predictors of substance use knowledge were
significantly related to substance use knowledge at the 3-month

follow-up (Table 3) (R2=.396, F4,102=18.36, P=.001). Only 2
predictors were significantly uniquely associated with substance
use knowledge at 3 months; baseline knowledge (B=.281,
t106=3.47, P=.001) and game levels beaten (B=.489, t106=5.12,
P=.001) were positively related to substance use knowledge at
3 months. Higher scores on these constructs were associated
with higher substance use knowledge at 3 months. Age and total
time playing PlayForward, on the other hand, were not
statistically significantly related to substance use knowledge at
3 months.

Table 3. Association of game play with gains in substance use knowledge.

Pt 102βSEBSubstance use knowledge

3 Month

.0015.12.490.06.31Number of levels beaten

.32–1.00–.090.07–.07Number of hours playing game

.0013.47.280.10.35Baseline knowledge

.071.85.160.18.38Age

6 Month

.032.19.180.05.11Number of levels beaten

.71–0.35–.030.05–.02Number of hours playing game

.00110.23.740.07.723-month knowledge

.33–0.98–.060.13–.13Age

Six-Month Follow-Up
Similar patterns appeared for substance use knowledge at the

6-month follow-up (Table 3) (R2=.644, F4,102=48.97, P=.001).
Only 2 predictors were significantly uniquely associated with
substance use knowledge at 6 months; 3 month knowledge
(B=.735, t106=10.23, P=.001) and game levels beaten (B=.179,
t106=2.19, P=.03) were positively related to substance use
knowledge at 6 months. Higher scores on these constructs were
associated with higher substance use knowledge at 6 months.
Age and total time playing PlayForward, on the other hand,
were not statistically significantly related to substance use
knowledge at 6 months. Overall, it was number of levels beaten
(ie, mastery of intervention content) that was associated with a
gain in substance use knowledge at 3 months and 6 months.

Discussion

This study describes how a videogame intervention can produce
objective data demonstrating exposure to the intervention and
yield meaningful evidence of the association between a
participant’s success within the videogame and changes in an
important psychological construct—knowledge. We examined
how 2 separate measures of game play—total amount of time
spent playing the PlayForward videogame and the total number
of game levels (challenge stacks) beaten by each player—might
be related to substance use knowledge at 3- and 6-month
follow-ups. These 2 measures of game play broaden the scope
of traditional face-to-face intervention assessment by accurately
tracking the participant’s success within the game. For example,
it appears that mastery of the intervention material (eg, game
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levels beaten), and not time spent playing each level, influences
acquisition of substance use knowledge.

High-scoring game players gained and retained significantly
more knowledge about substance use at the follow-up time
points than their low-scoring counterparts did. Interestingly,
completing and beating more of the game levels, and not total
game play time, resulted in greater changes in knowledge over
time. Mastery of the material increases substance use knowledge
for up to 6 months after game play has been completed.

Implications for eHealth Interventions
There is a growing body of literature demonstrating eHealth
interventions as efficacious tools for creating behavior change
[12,29]. However, it is still largely unknown how this change
occurs. The current study examined one behavioral antecedent
of behavior change—knowledge—to illustrate how objective
data collected throughout game play can contribute to our
understanding of how change happens. An implicit assumption
in recommendations for behavior change interventions is that
more time spent in interventions will produce the greatest
amount of behavior change [30]. For example, an intervention
examining the effects of a single-session versus a
multiple-session smoking cessation intervention suggests
multiple sessions (ie, more time spent in the intervention) are
related to significantly higher abstinence rates than a single
session [31]. Our data, on the other hand, suggest that it is not
time but mastery of the material that is related to changes of
important psychological mediators (ie, knowledge) of behavior
change. This is a valuable methodological point. Many eHealth
interventions merely present information to participants [13],
much like a brochure, but do not include content that must be
mastered. Our data suggest that simple exposure to intervention
content is not enough to create change; instead, what is needed
is the opportunity to process intervention content more deeply.
It is not enough to give people information, we must give them
a means by which to master intervention content to change
behavior.

Traditional human-delivered interventions rely heavily on
self-report data or a measure of overall intervention time as a
proxy measure to examine an individual participant’s experience
throughout an intervention. eHealth interventions, such as
videogames, allow researchers to objectively track a
participant’s intervention experience through the game software
by easily collecting data on time spent in individual segments
of the intervention, overall time spent completing the
intervention, and mastery of intervention material. This
information can then be used to learn which material is most
important to the behavior change process. For example, the data
collection features of eHealth interventions could allow us to
determine if one portion of an intervention dedicated to
knowledge acquisition mastery is enough to produce knowledge
gains at follow-up interval periods or if more sessions are
necessary. This is just one of the questions that can be answered
by using a technology-based intervention as a data collection

tool. Before eHealth interventions, these questions were
burdensome and resource-intensive to investigate [32]. These
are empirical questions that can—and should—be answered to
facilitate optimal intervention development and to inform the
progress of theoretical innovations in the behavior change
domain.

Behavior change interventions target multiple constructs at once
to create behavior change [11]. Thus, conventional behavior
change interventions are unable to determine which intervention
components are contributing to behavior change. A dismantling
study design could help determine if a focused manipulation of
one construct can have diffuse effects on other constructs [33]
and/or if such a focused manipulation of one construct is as
good as or better than manipulation of multiple constructs
simultaneously. Given the lower delivery cost, standardization
of delivery content, multiple dissemination channels, and
objective data collection of participant experience [2,3], eHealth
interventions are in a unique and prime position to answer these
questions.

Limitations
With this study, as a demonstration of the novel methods of
evaluating gameplay data, we chose to examine the behavioral
antecedent of knowledge, not behavioral outcomes, which will
be included in future analyses. Another limitation of this study
was that knowledge relied on a self-report measure; this
limitation is shared with the majority of intervention research.
However, log file data offer unique assessment techniques to
examine intervention exposure and outcomes whereby adding
another valid source of data and potentially reducing the need
to rely solely on self-report data. Additionally, only a small
number of items (ie, 8) were used to assess substance use
knowledge.

Conclusions
Increasingly, eHealth interventions, particularly videogames,
are becoming a standard and effective form of intervention
delivery [2-5]. Interventions delivered via emerging technologies
have the potential to enhance traditional forms of assessment
with real-time objective data collection techniques. Importantly,
videogames can and do serve a dual purpose of delivering health
interventions and providing a unique assessment tool with
minimal additional effort required from participants. Participant
log files are just one potential technique. Our findings highlight
the valuable contributions eHealth interventions make to the
study of health behavior change by using objective data
collection techniques that are difficult to replicate in traditional
human-delivered behavioral interventions. This research
illustrates the need for the rigorous exploration of new data
collection opportunities provided by eHealth interventions.
These innovative methods hold the potential to document
specific engagement, interactions, and exposure that may
provide key information regarding which intervention
components are most effective in influencing participant
outcomes.
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Abstract

Background: Health care professionals are utilizing Twitter to communicate, develop disease surveillance systems, and mine
health-related information. The immediate users of this health information is the general public, including patients. This necessitates
the validation of health-related tweets by health care professionals to ensure they are evidence based and to avoid the use of
noncredible information as a basis for critical decisions.

Objective: The aim of this study was to evaluate health-related tweets on Twitter for validity (evidence based) and to create
awareness in the community regarding the importance of evidence-based health-related tweets.

Methods: All tweets containing health-related information in the Arabic language posted April 1-5, 2015, were mined from
Twitter. The tweets were classified based on popularity, activity, interaction, and frequency to obtain 25 Twitter accounts (8
physician accounts, 10 nonofficial health institute accounts, 4 dietitian accounts, and 3 government institute accounts) and 625
tweets. These tweets were evaluated by 3 American Board–certified medical consultants and a score was generated (true/false)
and interobserver agreement was calculated.

Results: A total of 625 health-related Arabic-language tweets were identified from 8 physician accounts, 10 nonofficial health
institute accounts, 4 dietician accounts, and 3 government institute accounts. The reviewers labeled 320 (51.2%) tweets as false
and 305 (48.8%) tweets as true. Comparative analysis of tweets by account type showed 60 of 75 (80%) tweets by government
institutes, 124 of 201 (61.7%) tweets by physicians, and 42 of 101 (41.6%) tweets by dieticians were true. The interobserver
agreement was moderate (range 0.78-0.22). More than half of the health-related tweets (169/248, 68.1%) from nonofficial health
institutes and dietician accounts (59/101, 58.4%) were false. Tweets by the physicians were more likely to be rated “true” compared
to other groups (P<.001).

Conclusions: Approximately half of the medical tweets from professional accounts on Twitter were found to be false based on
expert review. Furthermore, most of the evidence-based health-related tweets are posted by government institutes and physicians.

(J Med Internet Res 2015;17(10):e246)   doi:10.2196/jmir.4898
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Introduction

Twitter it is a free social networking website established in July
2006, which enables users to write and read online posts (known
as “tweets”) that are limited to 140 characters. Tweets can be
posted via the Web, instant online message, or mobile phone.
Twitter has more than 500 million active users who generate
more than 340 million tweets and 1.6 billion search queries per
day.

Several health care professionals in the Middle Eastern countries
use social media, especially Twitter, because of its ability to
connect seamlessly with colleagues, patients, and other medical
professionals. It is also a great resource to educate the public,
track disease outbreaks, collect real-time health data, recruit
study participants, recognize misuse of antibiotics, and gain
more knowledge on health-related topics.

Several studies have examined the content of health-related
tweets on Twitter. A study that investigated all posts with the
words “Ebola” and “prevention” or “cure” from Guinea, Liberia,
and Nigeria showed that the most common misinformation was
that Ebola might be cured by the plant ewedu or by blood
transfusion [1]. A study in 2010 investigated status updated
from 52,153 tweets with the combination “flu + antibiotics”
and “cold + antibiotics” associated with misinformation. Results
showed a total of 172,571 and 850,375 followers of
misinformation, respectively, for the 2 combinations [2].

Tweets were primarily used to disseminate information from
credible sources, but were also a source of opinions and
experiences [3]. A study conducted in Norway regarding the
content and seriousness of tweets on chlamydia and HIV showed
that 9 of 10 tweets on HIV were of serious nature and many of
the tweets that were retweeted were facts [4]. A study conducted
to evaluate opinions and knowledge regarding computed
tomography radiation risk from 621 tweets posted by 557
accounts (doctors: 16%; health institute: 5%; patients: 6%;
technologists: 1%; other users: 71%) showed that most tweets
were not peer-reviewed, were posted by nonphysicians, and
content was unfavorable [5].

A study conducted in 2014 at The John Hopkins University to
analyze the content of 665 tweets on Twitter showed that 346
were health-related tweets, 53.2% were testable claims, 41.0%
were news, 26.9% were commercial product or service, 17.6%
were personal experience, and 17.1% were about wellness [6].

These studies indicate that the validity of health-related tweets
on Twitter needs to be assessed, especially to check if the
content represents a claim supported by evidence, a personal
opinion, or other information. Thus, this study reports the results
of a content analysis of health-related tweets on Twitter in
Arabic.

Methods

Twitter was chosen to investigate health-related tweets because
it is the most common social media in the Gulf countries. Only
tweets in Arabic were included in this study.

A manual approach was used to identify and categorize
health-related tweets posted by health-related accounts,
associated with either an organization or an individual user.
These tasks were crucial for the identification, data collection,
and categorization process for this study.

Identification of Relevant Twitter Accounts
The relevant accounts were identified via a 4-step process. The
first step involved a search of the Twitter website using the
following search terms in Arabic: health, your health, agility,
regimen, healthy diet, drugs , disease, diseases, drug, treatment,
prohibited drugs, epidemic, inflammations, infection, medical
information, doctors, hospitals, daily medical information,
nutrition, medical accounts, health accounts, doctor accounts,
and nutrition accounts (see Multimedia Appendix 1 for Arabic
search terms). This search resulted in 203 tweets that were
reviewed; those accounts whose identity could not be ascertained
were excluded.

The second step involved selection of accounts based on:

1. Number of followers (minimum number was set to
250,000);

2. Activity (tweeted for the period of April 2015);
3. Interaction with other users; and
4. Frequency of tweets (health-related tweets on a daily basis).

This resulted in a list of 86 Twitter accounts: 31 physician
accounts, 39 nonofficial health institute accounts, 6 dietitian
accounts, 2 media accounts, and 8 government institute accounts.

The third step involved further examination of the 86 accounts
by the following 3 criteria:

1. Popularity (most viewed);
2. Interaction with other users; and
3. Number of followers (minimum number was set to 45,000).

Accounts with a minimum of 45,000 followers were reviewed
for 1 week to select those posting at least 5 health-related tweets
per day with at least 100 retweets a week. This resulted in a list
of 25 Twitter accounts: 8 physician accounts, 10 nonofficial
health institute accounts, 4 dietitian accounts, and 3 government
institute accounts.

Physician Twitter Accounts
Twitter accounts were identified as those whose description
provided a Web link to their corresponding clinics/hospital
website. In total, there were 8 physician Twitter accounts.

Nonofficial Health Institute Twitter Accounts
Twitter accounts that were identified as those whose description
provided a Web link to a nonofficial health institute. These
accounts had a range of 70,000 to 300,000 followers. There
were a total of 10 such accounts.

Dietician Twitter Accounts
Twitter accounts that were identified as those whose description
provided a Web link to their clinic/hospital website. These
accounts had a range of 45,000 to 210,000 followers. There
were a total of 4 such accounts.
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Government Institute Twitter Accounts
Twitter accounts that were identified as those whose description
provided a Web link to their corresponding governmental site
(ie, ending with gov.sa). These accounts had a range of 43,000
to 843,000 followers. There were a total of 3 such accounts.

The final step involved selection of the first 5 health-related
tweets daily for 5 days (April 1-5, 2015) from each of these 25
accounts. This resulted in a total of 625 tweets, which were
integrated in a Microsoft Word file.

Examination of Individual Tweets
The Word file was evaluated by 3 independent reviewers
(American Board–certified consultants with more than 10 years
of experience in medical practice collaborating with other
specialty consultants in different fields, if needed) who were
blind to the identity of the Twitter users during content analysis.
The reviewers evaluated and labeled these tweets as false, true
with weak evidence (ie, expert opinion), true with moderate
evidence (ie, small randomized controlled trial [RCT],
nonrandomized observational study, registry), or true with strong
evidence (ie, many large RCTs).

This was followed by scoring of the tweets, a system that used
the majority of the reviewer’s opinions to generate a score for
each tweet. For example, if 2 of 3 experts decided on moderate
evidence, moderate evidence was chosen as the score for the
tweet.

If there was no majority in the reviewers’ opinion, the lower
evidence level was chosen as the score. For example, if the 3
reviewers chose weak evidence, moderate evidence, and false,
respectively, because the majority had ranked it as true, weak
evidence was chosen as the score for the tweet.

Descriptive statistics were used to tabulate types of account and
response of each reviewer. Comparative analysis of type of
Twitter account and chi-square tests were used to determine
statistical significance of the result. Interobserver agreement
for the 3 independent reviewers was based on the following
formula: (true/[true+false]).

Results

The data collection process for this study is presented in Figure
1. Overall, 625 Arabic-language health-related tweets
contributed by 25 user accounts were analyzed as defined in
Table 1.

Table 1. Tweets by type of account (total tweets: N=625).

n (%)Account

201 (32.2)Physician

75 (12.0)Government institute

248 (39.7)Nonofficial health institute

101 (16.2)Dietician

The evaluation of each health-related tweet and categorization
into 1 of 4 categories (false, weak, moderate, or strong) by the
3 independent reviewers. In the absence of a majority within

the true category, weak evidence was chosen as the score for
the tweet (Table 2).

Table 2. Coding of tweets by reviewer.

Interobserver agreementTrue, n (%)False, n (%)Reviewers decision

StrongModerateWeak

0.575 (0.8)20 (3.2)332 (53.1)268 (42.9)Expert 1

0.7886 (13.8)173 (27.7)226 (36.2)140 (22.4)Expert 2

0.223 (0.5)72 (11.5)62 (9.9)488 (78.1)Expert 3

5 (0.8)39 (6.2)261 (41.8)320 (51.2)Final decision

More than half of the tweets (320/625, 51.2%) in this sample
were not supported by medical evidence (Table 2). The
interobserver agreement between the 3 independent reviewers
ranged from 0.78 to 0.22 (Table 2).

Comparative analysis of tweets by account type showed that
60 of 75 (80%) tweets by government institutes, 124 of 201

(61.7%) tweets by physicians, and 42 of 101 (41.6%) tweets by
dieticians were true.

More than half of the health-related tweets from nonofficial
health institutes (169/248, 68.1%) and dietician accounts
(59/101, 58.4%) were false. Tweets by the physicians were more
likely to be rated as “true” compared to other groups (P<.001)
(Table 3).
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Table 3. Comparative analysis of account type and final validity of tweets.

Final opinion, n (%)aType of account

True

n=305

False

n=320

60 (80.0)15 (20.0)Government institute

124 (61.7)77 (38.3)Physician

79 (31.9)169 (68.1)Nonofficial health institute

42 (41.6)59 (58.4)Dietician

a For 4×2 table, P<.001.

Figure 1. Collection of data flowchart.

Discussion

A comparative analysis of the 625 health-related
Arabic-language tweets showed that 60 of 75 (80%) tweets by
government institutes, 124 of 201 (61.7%) tweets by physicians,
and 42 of 101 (41.6%) tweets by dieticians were evidence based.

More than half of the health-related tweets (169/248, 68.1%)
from nonofficial health institutes were false and tweets by the
physicians were more likely to be rated as true compared to
other groups (P<.001).

Twitter is an online minefield of health-related information,
which can considerably affect patient health. It allows for
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seamless patient-physician relationships and access to infinite
online discussions and information on health-related topics.

With the advent of social media, health advice and
recommendations from the Internet can influence a patient apart
from their physician. Patients are becoming increasingly aware
of treatment options, health literacy, and knowledge about
disease. Health-related information online is especially
beneficial for patients who are immobile and homebound as a
result of debilitating illness [7]. However, the Web can also be
used to foster unscientific health messages; therefore, patients
who are unable to distinguish valid tweets from invalid ones
may be misguided. Thus, health care professionals need to be
vigilant and responsible for health-related information posted
on the Internet [8].

Furthermore, a group needs to be created including government
institutes, physicians, other health care professionals, and
researchers to ensure that online health care resources are
current, credible, and reliable for patient use. This information
should be available in a format that is user-friendly,
comprehensible, and easily accessible. The use of valid
evidence-based Web resources can ensure patient-friendly
formats [8,9].

This is the first study to review health-related tweets posted in
Arabic language and is comparable to other reviews of
health-related reviews in English [10]. The results of this study
show that the content of tweets by health-related users on
Twitter varied with user type (ie, the government institutes share
most of evidence-based medical tweets). Also, in this study 1
in 3 physicians shared health information that was rated false
in contrast with previous studies that showed physicians shared
testable claims.

This study also shows the reviewers achieved moderate levels
of agreement (0.78-0.22) in the classification of tweets as true
or false. This could be attributed to expert 2, whose “true” votes
were higher than the other 2 experts. This highlights the need
for further discussions between the experts regarding classifying
the health-related tweets.

Limitations
The selection of the sample size was limited by health-related
tweets in Arabic language on Twitter; thus, it was not feasible
to select a random sample of all health users and their tweets
reducing the generalizability of the study results.

This study included categorization of health-related tweets by
user account followed by analysis. However, the user category
designated as “nonofficial health institutes” consisted of
accounts whose background was not verifiable and may not be
from health-related users. Thus, the results likely underestimate
potential differences between groups, emphasizing the need for
in-depth analysis.

In addition, user accounts were neither verified independently
nor checked against other databases. Furthermore, the low
interobserver agreement is attributed to each reviewer’s
perception of evidence based, rather than based on evidence,
which limits the validity of the results.

This study gives two clear and simple messages to health care
professionals, patients, and the general public who access Arabic
medical tweets. Firstly, the medical information obtained from
accounts on Twitter needs to be confirmed with evidence before
applying to real-life situations. Secondly, the scientific value
of the tweets from government institutes and physicians is higher
compared with other users.

Future Recommendations
The findings of this study set a baseline for future analyses. Our
study recommends developing a consensus around the types of
tweets physicians should send based on a minimal evidence
level that should be included in the tweet. In addition, health
care professionals need to work toward creation of guidelines
and policies on the use of social media in modern health care.

Conclusions
Approximately half of the medical tweets from professional
accounts on Twitter were found to be false based on expert
review. Furthermore, most of the evidence-based health-related
tweets were posted by government institutes and physicians.
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Abstract

Background: Preventive health behaviors, such as regular physical activity and healthy nutrition, are recommended to maintain
employability and to facilitate the health of employees. Theory-based workplace health promotion needs to include psychological
constructs and consider the motivational readiness (so-called stages of change) of employees. According to the stages, people
can be grouped as nonintenders (not motivated to change and not performing the goal behavior), intenders (decided to adopt the
goal behavior but not started yet), or actors (performing the goal behavior already). The tailoring to these stages can be done
computer based and should make workplace health promotion more effective.

Objective: It was tested whether a parsimonious computer-based health promotion program implemented at the workplace was
effective in terms of lifestyle changes and psychological outcomes as well as body weight. We hypothesized that the stage-matched
intervention would outperform the one-size-fits-all active control condition (standard care intervention).

Methods: In a randomized controlled trial, a total of 1269 employees were recruited by a trained research assistant at their
workplace during a routine medical examination. After excluding noneligible employees, 560 completed Time 1 (T1), and 384
also completed Time 2 (T2), achieving a retention rate of 68.6%. Two fully automated computer-based treatments were adopted:
(1) an active control condition with information about benefits of exercise and healthy nutrition (n=52), or (2) a stage-matched
multiple-behavior intervention that provided different psychological treatments to 9 subgroups, addressing stages of change
(nonintenders, intenders, and actors per behavior; n=332). Baseline assessments (T1) on behavior, psychological constructs, and
body weight were repeated after 4 weeks (T2).

Results: The stage-matched intervention outperformed the active control condition for lifestyle changes containing physical

activity and nutrition (χ2
1=3.5; P=.04, for N=384) as well as psychological variables (physical activity intention, P=.04; nutrition

intention, P=.03; nutrition planning, P=.02; and general social support to live healthily, P=.01). When predicting a healthy lifestyle
at follow-up, baseline lifestyle (odds ratio, OR, 2.25, 95% CI 1.73-2.92; P<.01) and the intervention (OR 1.96, 95% CI 1.00-3.82;
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P=.05) were found to be significant predictors. Physical activity planning mediated the effect of the intervention on the adoption

of an overall healthy lifestyle (consisting of activity and nutrition, R2
adj=.08; P<.01), indicating that if the stage-matched intervention

increased planning, the adoption of a healthy lifestyle was more likely.

Conclusions: Matching an intervention to the motivational readiness of employees can make a health promotion program
effective. Employees’ motivation, planning, social support, and lifestyle can be supported by a stage-matched intervention that
focuses on both physical activity and healthy nutrition. Occupational settings provide a potential to implement parsimonious
computer-based health promotion programs and to facilitate multiple behavior change.

(J Med Internet Res 2015;17(10):e225)   doi:10.2196/jmir.4486

KEYWORDS

demands; nutrition; physical activity; planning; workplace health promotion

Introduction

Background
Many employees wonder how they can stay healthy and
maintain their employability. Further to this, many employers
and organizations have to deal with preventing absenteeism
(being absent due to illness) and presenteeism (being at work
but not working efficiently) [1-3]. Employability and
absenteeism are related to healthy lifestyles of employees, and
the healthy lifestyle not only prevents physical health issues but
also aids in coping with stressors at work [4]. Costs related to
loss in productivity and absenteeism have been found to be
associated with excess body weight: employees with a higher
body mass index (BMI) were more likely to exhibit more annual
sick leave days [5]. Specifically, obese employees, in
comparison to employees with normal weight, had 3 or more
excess sick leave days. According to a recent study, the
extrapolated excess costs for employees with obesity in
Germany amount to €2.18 billion [5]. These costs for Canada,
also attributed to employee obesity, were estimated to be US
$4.3 billion [6]. Lehnert et al [5] concluded that this calls for
improved health promotion efforts. This study aims at testing
an individual-level health promotion program that targets human
factors, namely, health behaviors and their psychological
antecedents.

Workplace Health Promotion Programs, Obesity, and
Health Behaviors
In various studies, substantial proportions of the total cost of
productivity loss due to sick leave and disability pensions were
attributed to obesity and obesity-related diseases [7]. Thus, it
is imperative to find ways to improve the health status and to
lower obesity rates in the workforce. Body weight reduction
can be addressed not only by physical activity but also by dietary
changes [8]. Workplace health promotion programs addressing
different health behaviors are promising: employees performing
regular physical activity and eating healthy are less likely to
exhibit a loss in productivity, even if the BMI does not decrease
[9].

A Cochrane Systematic Review [10] evaluated interventions
that have addressed both behaviors and examined them
repeatedly over up to 24 months. Although no clear evidence
for improvements in BMI could be found, physical activity as
well as fruit and vegetable consumption increased. A

meta-analysis of 18 studies on the efficacy of workplace health
promotion [11] addressing different health behaviors found that
the overall effect on work productivity and work ability was
small but significant (effect sizes 0.41-0.54; P=.05).

Mastellos et al [10] concluded that very few studies addressing
both behaviors at the same time existed, that their
methodological quality was limited, and that outcomes were
reported inadequately. With regard to workplace health
promotion programs, Rongen et al [11] arrived at a similar
conclusion. Thus, further studies with higher methodological
quality and different outcomes should be conducted. Besides
testing BMI and behavior change as outcomes, predictors of
health behavior change should also be scrutinized; predictors
such as intention, planning, and social support have been found
to impact behavior change [12]. The aim of this study, therefore,
was to employ a randomized control design and to use an active
control group for comparison (standard care intervention) with
the intervention group instead of a no-treatment group.
Specifically, this design examined a lifestyle intervention
addressing 2 health behaviors, namely, nutrition and physical
activity.

A recent review on health promotion interventions implemented
by occupational health services that aimed at physical activity
and/or dietary behavior found promising effects [13]. The
authors of that review concluded that counseling interventions
targeting at-risk individuals were successful. However,
counseling by face-to-face interventions is resource demanding.
In addition, because face-to-face interventions are difficult to
conduct if employees cannot attend such a counseling
appointment in person because of various reasons (eg, night
shift or remote workers), applying computer-based counseling
appears to be a good alternative.

Computer-Based Interventions and Matching of
Treatments
Computer-based technology bears the advantage of having a
better reach and allows greater flexibility for employees.
Computer-based interventions that target health behaviors have
been designed and tested over the last decades. Computer- and
Internet-based interventions offer options for tailoring
interventions to the needs of the individuals. A substantial body
of research has shown the efficacy of tailored programs
administered via print, Internet, local computer/kiosk, and
telephone. An impact was not only proven on dietary change
and physical activity, but also on multiple behavioral changes
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[14]. A Cochrane Systematic Review [15] found that
computer-based interventions led to more weight loss and
limited weight regain as compared with minimal interventions.

To design interventions successfully, a useful method was to
match interventions to the individuals’ needs, a strategy known
as “stage matching.” Individual-level workplace health
interventions may be matched to participants’ individual stages
or readiness to change [14] based on stage theories. Stage
theories propose that individuals pass through different stages
on their way toward behavior change. At different stages, people
exhibit different mind-sets delineated by differences in their
intention, action plans, coping plans, and levels of behavioral
performance [16]. This implies that interventions can be matched
to a person’s stage of behavioral change by targeting
stage-specific needs, as opposed to “one-size-fits-all” treatments
or generic communication [17].

Theoretical Backdrop of Stage Matching
The health action process approach (HAPA) [16], which served
as the theoretical backdrop for the development of the current
workplace health intervention, distinguishes between the
following 3 stages: (1) a “nonintention stage,” including persons
(nonintenders) who have not (yet) set the goal to act according
to a previously defined criterion; (2) an “intention stage,”
comprising individuals motivated to change, but not yet acting
(intenders); and (3) an “action stage,” including persons who
have already attained the behavioral criterion (actors). With
that, the HAPA is parsimonious as it considers previous behavior
performance and motivation to change in the future.

The HAPA proposes that nonintenders must first increase their
motivation and set the goal toward changing their behavior.
Risk awareness and outcome expectancies are crucial in this
process. As soon as people have set the goal, they become
intenders and must plan how to initiate a behavioral change. In
general, social support is crucial for maintaining successful
behavior change. While social support should be addressed
mainly in actors, it should also be increased in all individuals
who actually adopt the new behavior. According to the HAPA,
coping plans support intenders as well as actors in maintaining
their (recently initiated) activity levels (coping planning includes
anticipation of barriers and planning what to do when facing
those barriers to ensure goal pursuit). There is some
experimental evidence that attests the differential efficacy of
HAPA stage-matched interventions in persons with different
baseline characteristics [18-21]. However, no evidence regarding
employees can be found, and therefore, this study is supposed
to fill this gap.

Aim and Hypotheses
The main research aim of this study was to test the efficacy of
a stage-matched intervention in comparison with an active
control condition (one-size-fits-all-treatment/standard care
intervention) to improve physical activity and dietary behavior
in employees. Effects on single health behaviors, psychological
predictors of behavior change (intention, planning, and social
support), BMI, and lifestyle (multiple behavior index combining
physical activity and nutrition) were examined (see hypotheses
1-3). In addition, this study explored whether characteristics of

the workplace, that is, whether or not the workplace was
physically demanding, moderated the efficacy of the intervention
(explorative analysis). The second aim of the study was to
examine why the intervention was effective and to identify the
psychological variables that may account for changes in
behaviors (hypothesis 4). The aforementioned hypotheses are
detailed in the following section.

The main intervention effects (contrasting the stage-matched
intervention to an active control condition) were hypothesized
in terms of (1) more behavioral change in physical activity and
dietary behavior (single behavior indicators, hypothesis 1a) and
adoption of a healthy lifestyle (the synthesis of both behaviors,
hypothesis 1b). We also expected improvements in (2)
psychological predictors of behavior change (intention, planning,
and social support, hypothesis 2) and (3) BMI (hypothesis 3).
Finally, we expected (4) that those individuals who successfully
had increased intention, planning, and social support due to the
intervention would be more likely to adopt a healthy lifestyle
(mediation effect, hypothesis 4).

Methods

Participants and Procedure
A total of 1269 shiftworkers in more or less physically
demanding positions (eg, train drivers, ticket inspectors, track
workers) were recruited during a routine medical examination
which takes place once in every 3 years (Figure 1). Posters were
put on the wall in the entrance of the company’s physician office
to make employees aware of the study and to increase their
willingness to participate in it. All employees were asked
face-to-face by a trained research assistant to participate in the
study while waiting to see the company’s physician.

If they agreed and signed an informed consent form, they were
introduced to the computer kiosk with the computer-based,
closed survey and counseling intervention (ie, answers were
automatically recorded by the online questionnaire). The consent
form contained a study participants’ personal code and his/her
name plus the address to contact them again for the follow-up.
Research assistants entered the personal code of the study
participants into the system to register the employee and to give
him/her access to the questionnaire and the intervention. This
personal code was kept with the questionnaire entries to merge
the data from the different measurement points later on.
However, no names or address data were entered and absolute
anonymity of the individual was ensured. Written consent forms
containing information that directly identifies the participant
(eg, name, address, date of birth) were kept in a locked place.

Different data security and quality measures were taken:
unauthorized access was not possible because the baseline
measurement (including the intervention) was only performed
in the company and under the supervision of a research assistant.
No personal data were recorded. Cookies were not used and
Internet protocol check was not performed: 2 company-owned
computers were used for participants to complete the survey
and intervention; and because cookies are very dysfunctional
they were not utilized for this study. The research assistant
ensured that study participants were logged-in correctly with
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their individual code and no one could observe this process. Anonymized electronic data were stored on secure servers.

Figure 1. Flowchart of participant progress through the study phases.

Ethics and Consent
All participants were informed about the purpose of the study
(including information on the length of the questionnaire and
data storage procedures) with a participant information form
and an informed consent form. All procedures performed in this
study were in accordance with the ethical standards of the 1964
Helsinki Declaration and its later amendments or comparable
ethical standards. The study protocol was approved by the
Deutsche Gesellschaft für Psychologie in Germany. Because
this study was carried out in an occupational setting and
approval was given by the works council including a
confidentially note, no clinical trial registration was required.

The questionnaire before the intervention was mandatory to be
filled in by every study participant to avoid unit-missings.
However, whether or not study participants actually answered
the individual questions was voluntary, except for 2 key
questions that are mandatory: To match the intervention
appropriately, the stage regarding nutrition and physical activity
needed to be determined. Single-item missings for these 2
questions were prevented by a pop-up message asking
participants to fill in the question as otherwise they could not
get any further. With the exception of the 2 mandatory questions,
no completeness check was performed. Study participants were
able to review and change their answers (through a back button
or the backspace button). In case of questions, the research
assistants were at hand to reduce the risk of any drop-outs from
the study.

Design
The research assistant also helped in case of any problems, for
example, by asking study participants to get back to the
questionnaire if they were distracted, reminding study
participants to read each page carefully, providing some
instructions if employees needed help with understanding the
tasks or handling the computer keyboard or mouse. These
specific measures were taken because pilot studies revealed that
some older employees had insufficient computer literacy.

Further measures to control for potential atypical answering
styles were not taken because the study participants should
answer the questions as unbiased and spontaneously as possible.
Irrespective of whether participants completed the questionnaire
and the intervention, participants received a pedometer as
incentive. Completeness of the data was only checked post hoc.
Data were collected between October 2006 and June 2008 in
Germany, and all materials outlined below were translated from
German.

Inclusion criteria were not being diagnosed with diabetes, no
acute myocardial infarction within the last year, no medical
condition that conflicted with general recommendations for
physical activity and fruits and vegetables consumption, and
sufficient language competences. Eligible employees (N=384)
taking part in both Time 1 (T1) and Time 2 (T2) were randomly
assigned to either 1 of the 9 stage-matched intervention packages
(see Figure 2 and description below, n=332), or the active
control condition (n=52) by a computer algorithm with a
likelihood of 1/10, using the software DynQuest [22].
Participants and research assistants were blinded to their
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allocation for the duration of the study. The software in the
background also managed the log file.

After providing informed consent, 560 participants completed
the baseline T1 questionnaire on behavioral, psychological, and
sociodemographic variables. Subsequently, the computer
algorithm assigned participants either to the stage-matched

intervention or to the active control condition. At T2, 1 month
later, follow-up questionnaires were returned by 384 participants
(completion rate, ie, users who finished the survey, was 68.6%),
constituting the longitudinal sample that mostly included men
(n=306, 79.7%). Participants were between 20 and 64 years of
age, with a mean (men) age of 43.7 years (SD 7.6).

Figure 2. Experimental 9-group design for the stage-matched intervention. A: Intention formation for nutrition and physical activity; B1: intention
formation for physical activity and plans for nutrition; B2: intention formation for nutrition and plans for physical activity; C1: intention formation for
physical activity and relapse prevention for nutrition; C2: intention formation for nutrition and relapse prevention for physical activity; D: plans for
nutrition and physical activity; E1: plans for physical activity and relapse prevention for nutrition; E2: plans for nutrition and relapse prevention for
physical activity; F: relapse prevention for nutrition and physical activity. Numbers in brackets indicate the number of pages the particular intervention
package consisted of.

Experimental Conditions
The stand-alone computer-based intervention consisted of a
questionnaire, information about health authority guidelines for
physical activity, and the respective experimental component.
Trained research assistants helped in a nondirective manner in
the event that questions arose. The stage-matched intervention
consisted of 3 packages targeted at the 3 stages of the HAPA,
namely, nonintenders, intenders, and actors, who were
individually tailored (see Figure 2, for the content description
see below). Tailoring consisted of using previous answers that
were used later on for further tasks and questions or specific
feedback if, for example, no answer was given or feedback on
weight was to be given (details provided in the following
section).

The staging algorithm first considered whether the behavior
was already performed on a regular basis, separately for nutrition
(ie, eating 5 portions of fruits and vegetables each day) and
physical activity (ie, performing at least 30 minutes of volitional
physical activity 3 times a week). If so, then these respondents
were categorized as “actors.” If not, their level of behavioral
intention was considered (eg, whether they intend to strive for
the target behavior within the next month). If endorsed,
respondents were categorized as “intenders”; if not, they were
regarded as “nonintenders.”

Cross-tabulating the 3 subgroups for nutrition with the 3
subgroups for physical activity yielded a total of 9 cells (see
Figure 2 for sample sizes within cells). In the following section,
the intervention packages tailored for these 3 groups are
described. Various behavior change techniques [23] were
tailored to the characteristics of the participants. All

interventions were used in this predefined format in terms of
stage tailoring. The materials were developed based on previous
intervention materials [19,24]. In addition, we ran focus groups
and extensive pilot tests to ensure the usability and technical
functionality of the material.

Intention Formation for Nonintenders
This package was specifically used for employees not intending
to adopt the recommended behaviors. The intervention targeted
risk awareness, outcome expectancies, goal setting, and
self-efficacy. In the beginning, risk awareness was addressed
by asking participants whether they led a rather inactive lifestyle
or an active lifestyle and whether they ate high calories and
fatty products or lots of fruit and vegetable. Participants were
then informed about the connection between physical activity
and diet and blood vessel fitness. They were then asked to rate
whether they thought their blood vessels are rather clogged or
in good shape. Both ratings had to be given on a visual analog
scale, moving an indicator on the computer screen to the left
(inactive lifestyle versus unhealthy diet, clogged vessels) or to
the right (active lifestyle versus healthy diet, fit vessels).

The same method was used to address outcome expectancies:
participants were asked to indicate how they would look if they
would perform regular physical activity and eat fruits and
vegetables instead of high-calorie and high-fat products; rather
being obese (left side) or rather being normal weight (right side).
Subsequently, the recommendation was provided that physicians
as well as exercise and nutrition experts suggest exercising 3
times a week for at least 30 minutes, and eating at least five
portions of fruits and vegetables daily. In addition, a statement
was given, saying that this level of activity and nutrition is
doable. Participants were then asked to think about the positive
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consequences (pros) of meeting this behavioral goal. One
example was given (Then I would feel better), and up to 4 fields
were provided to fill in positive outcomes. Afterward,
participants were asked to generate 1 potential negative outcome.
One example was also given for this (Then this costs me a lot).
If negative outcomes (cons) were stated, these were then
contrasted with some pros by asking participants to come up
with something that could balance the cons.

Individuals were then asked to set behavioral goals for the next
3 weeks. The instruction explicitly included setting small steps
toward reaching the larger goal of becoming more physically
active during leisure time. Examples were given such as “...go
swimming after work” and “...add a tomato to my supper.” The
first given goal was then displayed again in the context of “I
intend to...” and it was asked whether people were optimistic
about attaining this goal, indicating “not very likely” (left side)
or “rather likely” (right side) on a visual analog scale on the
computer screen.

To address self-efficacy, the following instruction was given:
“Become more confident! Think about how you could master
attaining your goal on your own, and what could help you to
become more active/eat more fruits and vegetables successfully?
What would be your trip or trick?” With the last page, goal
setting was addressed again by asking people to sum up, by
checking the different options for becoming more physically
active and eating healthier that they could concretely consider
for themselves.

Planning for Intenders
This package was specifically intended for employees who have
set a goal to change their behavior. The package included the
generation of action plans and coping plans (for an overview
of the evidence, see [25]). In the beginning, the general
recommendations of the physicians as well as exercise and
nutrition experts (ie, exercising 3 times/week for at least 30
minutes, and eating 5 portions of fruits and vegetables daily)
were introduced to the participants to intensify goal setting. A
statement was provided that this level of activity and nutrition
is doable. In contrast to nonintenders, intenders were given the
following information: it was explained that a day has 1440
minutes, and that 30 minutes/day could easily be allocated to
volitional physical activity; and that one typically eats 3 meals
and 1 or more snacks, which opens up ample opportunities to
add or replace products by fruits and vegetables. Even in a busy
day, it should be possible to exercise and eat healthily. Three
examples were given to stimulate the participants’ thinking
toward different opportunities and different cues to action to
actually facilitate behavior enactment, such as taking a sports
bag to work or taking an apple for snack.

Participants were then asked to name up to 3 personal behavioral
goals to meet the target of being physically active 3 times a
week for 30 minutes or longer as well as to eat 5 portions of
fruits and vegetables each day. These goals were then displayed
on the next pages, always 1 goal on 1 slide, with the request
that the participants generate an action plan (ie, to specify when,
where, and how and, for activity only, how long to act).

To prompt formation of coping plans afterward, participants
were also given an example of what could pose a risk to the
maintenance of goals and their translation into action. An
example for physical activity was bad weather that could prevent
running in the park. For nutrition, an example was that no fresh
fruit could be available while traveling. The instructions to
formulate coping plans followed. The example of a suggested
coping plan was doing some indoor activities such as swimming
or visiting a fitness studio, or buying some fruit in a grocery
store on the way to work. Subsequently, people were asked to
identify up to 3 barriers to their own action plans. As with the
goals, these barriers were then displayed on the next pages again,
always 1 barrier on 1 slide, with the request that the participant
generates a coping plan (ie, how to stick to the goal pursuit and
find a different way to meet it).

Relapse Prevention for Actors
This package was specifically intended for employees already
performing the goal behaviors. Action control and coping plans
were addressed. Participants were asked to write down up to 3
experiences with their actions (to capture action control) in an
identical format for the creation of action plans for intenders.
However, instead of anticipating future situations, participants
were asked to consider past situations. Individuals were asked
to reflect on those actions and situations (showed on a respective
page with the retrieved information), and on whether they would
like to adjust aspects of them to maintain this behavior in the
future. If the desire for change was expressed, individuals could
record their new, adjusted action plan.

Afterward, participants received the coping and planning
intervention. In this they were asked to generate up to 3 potential
barriers to being active, and strategies on how to overcome these
barriers (equivalent to the format for intenders).

Combination of the Different Packages for a
Stage-Matched Intervention
The different packages were combined in the different
stage-matched interventions displayed in Figure 2. In the
beginning, a brief feedback was given on the former behavior
and intention. Nonintenders were informed that their behavior
did not meet the recommendations, and that they would work
on strategies concerning how to change their behaviors with
the following program. Intenders were congratulated on their
decision to change their behavior, and also informed that the
following program would assist them in doing so. Actors were
congratulated for performing the target behavior. In addition,
information on the difficulties in maintaining a former behavior
was given, along with the fact that it is possible to prevent falling
back into inactivity. They were informed that the following
program would help them in developing such a maintenance
strategy.

Some linking sentences were given between the package on
physical activity (always first) and nutrition (always second).
Such sentences were, for example, for nonintenders,
“Wonderful! With this goal in mind the switches are on for a
successful start with the change. Now clear the tracks for your
first week goal. You determine the route.”
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In all packages except package A (in which people were
nonintenders for both behaviors before the intervention, see
Figure 2), a strategy training was also incorporated. With that,
participants were challenged to reflect further on their
anticipated barriers, and to think about what could be done about
them in general. The instruction also included suggestions on
the basis of best practice examples (stemming from pilot tests).
A dummy variable reported, “If barriers crop up then...”

• “...I prioritize differently or come up with a completely
different plan.”

• “...I invest more energy in actually making things happen.”
• “...I ask others to help me.”
• “...I look for other people whom I could use as role models.”

In the end, participants were given good wishes. In addition,
they were instructed to identify options for rewarding themselves
for approaching their goal, such as by buying oneself a flower
(nonintenders). Intenders were cheered on for working so hard
on their goals, and told that they should stick to their plans and
start right away by performing them in practice. Actors also
received positive feedback, along with the instruction to
maintain their appropriate behavior. They were reminded to
transfer coping plans into their daily life.

Active Control Condition (Standard Care Intervention)
The active control condition (one-size-fits-all-treatment)
contained general health information, for example, on the
etiology of obesity and the inter-relation between physical
activity, nutrition, and energy expenditure. BMI was calculated
by assessing the participants’ weight and height, which they
had previously entered in the questionnaire. Personalized
feedback on participants’ BMI was given, such as “You are
overweight. If you have additional ailments, such as high blood
sugar or problems with your joints or cardiovascular system,
you should try to lose weight. Please contact your general
practitioner!” Then a quiz on healthy dietary behavior was
provided containing 13 questions on eating candy, rye products,
milk and meat products or fast food, drinking soda beverages
and alcoholic drinks, adding salt, and when to eat. Personalized
feedback was given and a teaching session followed, giving

educational information about the food pyramid including
prompts on drinking and food preparation. Both the material
assembling the one-size-fits-all intervention and the
stage-matched intervention were developed based on focus
groups outcomes, and pilot tests with the material were carried
out to ensure the usability and technical functionality.

Measures
All questionnaire items stem from validated and well-tested
measurement tools (eg, [20,24,26]). We also conducted pilot
tests with the questionnaire items to ensure the usability and
technical functionality especially with its electronic version.
The items of the questionnaire were not randomized and all
participants were asked to answer all items of the questionnaire
with the exception of the report of number of children, which
was only asked if employees indicated that they had children.
In total, the questionnaire consisted of 70 questions.

Behavior (Single Behavior Indicators)
Physical activity was measured by an adaptation of the validated
scale by Godin and Shephard [27]. Participants indicated how
often per week and how long per session they performed
strenuous physical activities that result in faster heart rate and
excessive sweating (eg, intensive swimming) and moderate
physical activities that are hardly exhausting with light sweating
(eg, gymnastics). The total physical activity was the sum of
sessions per week, multiplied by minutes per session.
Development of physical activity behavior over time for the 2
different intervention groups and within the 3 stage groups is
displayed in Figure 3.

Regarding nutrition behavior, participants were asked, “How
many portions of fruits and vegetables did you eat per day?”
The instruction was, “Please think about the last month. (Please
note that potatoes do not count).” Two categories were provided,
namely, “fruits” and “vegetables” [28]. The total portions of
fruits and vegetables were the sum of the amounts reported each
day. Development of nutrition behavior over time for the 2
different intervention groups and within the 3 stage groups is
displayed in Figure 4.
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Figure 3. Minutes of physical activity/week for the active control group (standard care, solid line) and the stage-matched group (dotted line) at T1 and
T2.

Figure 4. Portions of fruit and vegetables per day for the active control group (standard care, solid line) and the stage-matched group (dotted line) at
T1 and T2.

Combined Healthy Lifestyle Indicator
To combine both behaviors, physical activity and healthy
nutrition were categorized according to whether or not the
participants met the recommendations. After piloting the
usefulness of different criteria, the thresholds of 90-minute
physical activity per week and 2 portions of fruits and vegetables
were chosen. Both criteria were validated and both behaviors
have been shown to be effective in improving health [29]. At
T1, 46.6% of employees (179/384 eligible employees
participating in T1 and T2) did not perform 90 or more minutes

of physical activity per week, and 30.4% (117/384) did not eat
2 or more portions of fruits and vegetables per day. Both
behaviors combined, 57.0% individuals (219/384) met only 1
or none of these 2 behavioral criteria and were categorized as
having an unhealthy lifestyle at T1. As much as 42.9% (165/384)
met both behavior recommendations and were categorized as
exhibiting a healthy lifestyle at T1.

At T2, 33.9% employees (130/384 eligible employees
participating in T1 and T2) did not perform 90 or more minutes
of physical activity per week, and 17% of employees (66/384)
did eat less than 2 portions of fruits and vegetables per day.
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Both behaviors combined, 41.9% of individuals (161/384) met
only 1 or none of the 2 behavioral criteria and were categorized
as having an unhealthy lifestyle at T1. As much as 58.1%
(223/384) of employees met both behavior recommendations
and were categorized as exhibiting a healthy behavior at T2.

Psychological Predictors of Lifestyle Change: Intention,
Planning, and Social Support
Physical activity intention was assessed with 2 items matching
the 2 behavior intensities “I intend to perform the following
activities at least 5 days per week for 30 minutes...” (1)
“...strenuous (rapid heartbeats, sweating) physical activities”
and (2) “...moderate (not exhausting, light perspiration) physical
activities.” The response options ranged from 1 to 4 “1=strongly
disagree,” “2=somewhat disagree,” “3=somewhat agree,” and
“4=definitely agree.” (4) The scale was aggregated,
corresponding to the behavior measurement: strenuous and
moderate activities correlated with r=.18 (P<.01) at T1, and
with r=.23 (P<.01) at T2. Thus, items with discriminant validity
were combined to obtain an index that reflects a broad construct.

Nutrition intention was also measured with regard to (1) fruits
and (2) vegetables. The item was worded “I intend to...” “...eat
5 portions of fruits and vegetables a day” and “...eat fruits and
vegetables with each meal.” The answering options were as
follows: “strongly disagree,” “somewhat disagree,” “somewhat
agree,” and “definitely agree.” The 2 items were aggregated
corresponding to the behavior measurement. The 2 items
correlated with r=.53 (P<.01) at T1, and with r=.55 (P<.01) at
T2.

Action planning was assessed with a single item based on
procedures detailed in Lippke et al [24]. Activity-related plans
were measured with the item “I have already planned exactly
when, where, and how I want to be physically active.”
Nutrition-related plans were assessed by the item “I have already
planned exactly when, where, and how I will eat 5 portions of
fruits or vegetables throughout the day.” The answering options
were as follows: “strongly disagree,” “somewhat disagree,”
“somewhat agree,” and “definitely agree.”

Social support was measured by answering the following 2
items: “How do you perceive your social environment?” (1)
“My relatives are helping me to live healthily” and (2) “My

friends and acquaintances are helping me to live healthily.” The
answering options were as follows: “strongly disagree,”
“somewhat disagree,” “somewhat agree,” and “definitely agree.”
The 2 items correlated with r=.57 (P<.01) at T1, and with r=.60
(P<.01) at T2, and were aggregated to a sum score.

Workplace Demands in Terms of Physical Activity
Study participants were instructed to think about the last weeks
on their job and to rate whether they had performed physical
activity for at least 30 minutes at work (eg, carry heavy stocks,
walk long ways) for at least three to five times a week. Those
agreeing to this item were categorized as working at a physically
demanding workplace. Employees who indicated not performing
this behavioral criterion were categorized as having a sedentary
workplace.

These subjective ratings were validated with the reports of the
employees’ occupations in the company. Very few occupations
were clearly categorized by all employees coherently such as
“train inspectors” and “cleaning personnel” (with regard to a
“physically demanding workplace,” most other occupations
such as “restaurant steward,” “train driver,” and “line manager”
were rated differently by the respondents). Most occupations
were rated by more employees as sedentary (eg, supervision
was rated by 70.1%, 269/384 employees, as sedentary, train
driver was rated by 65.5%, 251/384 employees, as sedentary,
conductor was rated by 65.5%, 251/384 employees, as physically
demanding, traffic controller was rated by 70.8%, 272/384
employees, as physically demanding). Thus, to acknowledge
the individual situation at work, the rating of how physically
demanding the work appeared to be for the individual was used
to classify the workplace instead of categorizing for different
occupations.

Sociodemographic Characteristics and Body Weight
Body height and body weight were used to calculate the BMI
(determined by dividing weight in kilogram by squared height
in meter) of all study participants. In addition, sex and age were
assessed by self-report. Table 1 gives an overview on the
descriptive statistics and intercorrelations of sociodemographics
and lifestyle and physical demands at the workplace at T1 and
T2.
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Table 1. Descriptive statistics and correlations of study variables.

Demanding workplace

T2c
Demanding workplace

T1c
Body mass
index

AgeSexbHealthy

lifestyle T2a
Healthy

lifestyle T1a

181/384 (47.1)163/384 (42.4)27.86

(4.86)d
43.69

(7.59)d
77/384
(20.1)

223/384 (58.1)165/384 (42.9)Descriptives, n/N
(%), ie, mean (SD)

r=.36Lifestyle T2

P<.01

r=.10r=.06Sex

P=.06P=.22

r=-.06r=-.12r=-.05Age

P=.27P=.02P=.37

r=.20r=-.01r=-.12r=-.06Body mass index

P<.01P=.81P=.03P=.34

r=.05r=.09r=-.05r=-.08r=.01Demanding Work-
place T1

P=.42P=.09P=.33P=.11P=.99

r=.49r=.07r=.02r=-.05r=-.05r=.10Demanding Work-
place T2

P<.01P=.21P=.71P=.33P=.38P=.05

r=-.01r=.16r=.01r=-.01r=-.01r=.10r=.02

Interventione P=.92P<.01P=.92P=.87P=.84P=.06P=.69

aLifestyle T1/T2 is an aggregate of both behavior recommendations (physical activity and eating fruits and vegetables).
bSex: 0 indicates male (N=306); 1 indicates female (N=77); 1 employee did not indicate his/her sex.
cDemanding workplace T1/T2=0 indicates sedentary/not physically demanding; T1/T2=1 indicates physically demanding.
dValue presented as mean (SD)
eIntervention: 0 indicates active control condition; 1 indicates stage-matched intervention.

Analytical Procedure
Differential intervention effects on physical activity and nutrition
(hypothesis 1a), psychological variables (intention, planning,
and social support; hypothesis 2), and BMI (hypothesis 3) were
tested by 2-factor repeated measures analysis of variance
(ANOVA). The 2 factors were treatment (stage-matched
intervention versus active control condition) and workplace
(sedentary/physically not demanding versus physically
demanding), and we examined their interaction with time as
well as with each other and time.

Hypothesis 1b on the synthesis of the 2 behaviors was tested
by employing frequency analyses (chi-square) and logistic
regression (determining odds ratio, OR). Hypothesis 4 on the
multiple mediator model was performed using an SPSS macro
[30]. Residualized change scores were used, and confidence
intervals were estimated by applying the bootstrap approach
(5000 bootstrap resamples).

Results were reported based on the individuals participating in
both measurement points. Imputed values were adopted for
missing data within each measurement point in time using the
expectation maximization algorithm in SPSS 22 (SPSS Inc,
Chicago, IL, USA) [31]. However, this was only done if not
more than 10% of items were missing, because otherwise the
participation in the measurement point was interpreted as

nonsufficient. All analyses were run with SPSS version 22. No
methods to adjust for the representativeness of the sample were
applied.

Results

Evaluation of Time, Treatment, and Workplace
Demands on Single-Behavior Indicators and
Psychological Predictors
Employees in the stage-matched intervention group (n=332)
increased their physical activity in terms of minutes of strenuous
and moderate exercise per week over time. The opposite effect
was observed in individuals in the active control condition
(n=52), in which employees decreased their mean activity over
time (Figure 5A). However, neither the time nor the time ×
intervention nor the time × workplace × treatment effect was
significant (P≥.15; Table 2). Those employed in a sedentary
workplace increased their activity from 144.71 (SD 187.28)
minutes per week to 162.04 (SD 165.08) minutes per week.
Study participants employed in a physically demanding
workplace increased their activity from 169.71 (SD 240.38)
minutes per week to 177.91 (SD 185.43) minutes per week (see
Figure 5A for differential means). Thus, standard deviations
were even larger than the means, which may have prevented
the effects to be significantly different even though on a
descriptive level they appeared distinct.
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Table 2. Intervention efficacy evaluated in terms of changes over time tested in a 3-factorial repeated measures analysis of variance.

Time × workplace × inter-
vention

Time × workplaceTime × interventionTimeTest variable

F1,380=0.08F1,380=0.02F1,380=1.07F1,380=0.01Physical activity behavior

η2<.01η2<.01η2<.01η2<.01

P=.39P=.44P=.15P=.47

F1,359=0.45F1,359=0.59F1,359=3.13F1,359=1.84Physical activity intention

η2<.01η2<.01η2=.01η2=.01

P=.26P=.23P=.04P=.09

F1,369=0.15F1,369=0.01F1,369=1.21F1,369=2.95Physical activity planning

η2<.01η2<.01η2<.01η2=.01

P=.35P=.47P=.14P=.04

F1,380=0.26F1,380=0.37F1,380=0.55F1,380=17.92Nutrition behavior

η2<.01η2<.01η2<.01η2=.05

P=.32P=.27P=.23P=.01

F1,377=0.03F1,377=0.12F1,377=4.03F1,377=2.58Nutrition intention

η2=.01η2<.01η2=.01η2=.01

P=.43P=.36P=.03P=.05

F1,375=0.01F1,375=0.04F1,375=4.45F1,375=1.83Nutrition planning

η2=.01η2<.01η2=.01η2=.01

P=.50P=.43P=.02P=.09

F1,374=0.21F1,374=0.11F1,374=6.13F1,374=7.80General social support to
live healthily

η2<.01η2<.01η2=.02η2=.02

P=.33P=.37P<.01P<.01

F1,287=4.45F1,287=2.17F1,287=1.54F1,287=17.97Body mass index

η2=.02η2=.01η2=.01η2=.06

P=.02P=.07P=.11P<.01

Regarding the portions of fruit and vegetable consumed, both
groups increased their consumed portions per day. However,
only the time factor was significant (P=.01), and not the
intervention effect nor time × intervention nor the time ×
workplace × treatment effect (Table 2, Figure 5D). On average,
employees consumed 2.45 (SD 1.66) portions per day at T1 and
3.22 (SD 1.71) portions per day at T2 (see Figure 5B for
differential means).

Effects were equally tested for intention and planning for each
behavior domain as well as for social support and BMI. All
means for the individuals in the active control condition versus
the stage-matched intervention group are displayed in Figure
5, differentiated for study participants employed in a sedentary
workplace and a physically demanding workplace.

Results from the repeated measures ANOVA are reported in
Table 2. While descriptive changes in the measures were
revealed over time and in favor of the stage-matched group
(Figure 5), significant (P≤.04) time × treatment effects were

only evident for physical activity intention, nutrition intention,
nutrition planning, and social support (Table 2). An interaction
of time × workplace or time × workplace × treatment could only
be revealed for BMI. On average, study participants reduced

their BMI from 27.75 kg/m2 at T1 (86.05 kg) to 27.48 kg/m2at
T2 (85.23 kg).

This effect was about the same in the stage-matched group with

a sedentary workplace (BMIT1=27.49 kg/m2; BMIT2=27.18

kg/m2) or with a physically demanding workplace (BMIT1=27.98

kg/m2; BMIT2=27.77 kg/m2). However, for the active control
condition, those employees working in a sedentary workplace

maintained their BMI over time (BMIT1=27.54 kg/m2;

BMIT2=27.38 kg/m2). Those in the active control condition
working in a physically demanding workplace started with a

much higher BMI (BMIT1=29.82 kg/m2) and were able to reduce
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their weight more than all other groups (BMIT2=29.03 kg/m2; Figure 5H).

Figure 5. Means for active-control group (standard care, solid line) and stage-matched group (dotted line) at T1 and T2. (A) Physical activity behavior
(minutes/week). (B) Physical activity intention. (C) Physical activity planning. (D) Nutrition behavior (portions fruit and vegetables/day). (E) Nutrition
intention. (F) Nutrition planning. (G) Social support. (H) Body mass index.

Evaluation of Time, Treatment, and Workplace Effects
on Lifestyle Indicators
As the aim of the intervention was not only to change single
behaviors but also to especially improve the employee’s lifestyle
consisting of 2 behaviors, changes in this combined outcome
criterion were tested. Based on their nutrition and physical
activity behavior, employees were categorized into whether or
not they met the recommended criteria. The numbers and
frequencies per group (differentiated by workplace: sedentary
workplace versus physically demanding workplace) are shown
for those already meeting or not meeting the recommendations
at T1 in Table 3.

Descriptively, the stage-matched group outperformed in the
active control condition for all subgroups. However, due to
small sample sizes, this could only be tested for participants

employed in a sedentary workplace (supporting the assumption
of better effects of the stage-matched intervention) and the total
group independently of the workplace (also in favor of the
stage-matched group; Table 3). Significant support for the
superiority of the stage-matched intervention over the
standard-care intervention was only found for those study
participants with a healthy lifestyle at T1 (P=.04). In this regard,
for those with an unhealthy lifestyle at T1, the difference was
not significant (P=.07) and was in favor of the stage-matched
intervention. If all study participants were considered together,
the standard-care treatment helped about 46% (24/52) of
employees to practice a healthy lifestyle at T2, whereas the
stage-matched intervention helped 59.9% (199/384) employees
to practice a healthy lifestyle at T2 (ie, 13.7% more). This

difference was statistically significant (χ2
1=3.5; P=.04, for

N=384).
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Table 3. Performance of an unhealthy and a healthy lifestyle at T2, depending on T1 lifestyle and intervention.

StatisticLifestyle T2aInterventionLifestyleWorkplace

Total (100%)Healthy

n (%)

Unhealthy

n (%)

χ2
1=0.1, P=.43b2510 (40.0)15 (60.0)Standard careLifestyle at T1 un-

healthy
Sedentary work-
place

10145 (44.6)56 (55.4)Stage matched

χ2
1=4.9, P=.04b1510 (66.7)5 (33.3)Standard careLifestyle at T1

healthy
8071 (88.8)9 (11.3)Stage matched

χ2
1=2.7, P=.07b

4020 (50.0)20 (50.0)Standard care

Total 181116 (64.1)65 (35.9)Stage matched

Cannot be computed60 (0.0)6 (100.0)Standard careLifestyle at T1 un-
healthy

Physically de-
manding work-
place 8738 (43.7)49 (56.3)Stage matched

Cannot be computed64 (66.7)2 (33.3)Standard careLifestyle at T1
healthy

6445 (70.3)19 (29.7)Stage matched

Cannot be computed124 (33.3)8 (66.7)Standard careTotal

15183 (55.0)68 (45.0)Stage matched

χ2
1=3.5, P=.04b

5224 (46.2)28 (53.8)Standard care

Total 332199 (59.9)133 (40.1)Stage matched

aLifestyle T1/T2=0 indicates not meeting both behavior recommendations (not performing ≥90 minutes of physical activity/week and not eating ≥2
portions of fruits and vegetables/day); T1/T2=1 indicates meeting both behavior recommendations (performing ≥ 90 minutes of physical activity/week
and eating ≥ 2 portions of fruits and vegetables/day).
bN=384

Three models were tested with logistic regression analyses
(Table 4). First, the performance of a healthy lifestyle T2 was
predicted by sex, age, workplace demands, and BMI (all at T1).
However, none of these 4 variables were a significant (P≥.07)
predictor for a healthy lifestyle behavior at T2. Baseline lifestyle

(T1) was included additionally as a predictor in model 2, which
was related to a healthy lifestyle at follow-up: employees
meeting the recommendations for a healthy lifestyle at baseline
were 2 times more likely to also meet the recommendations at
T2 (Table 4).

Table 4. Predicting follow-up lifestyle (T2).a,b

Model 3

OR (95% CI)

Model 2

OR (95% CI)

Model 1

OR (95% CI)

Variable

4.827.612.58Constant

1.44 (0.77-2.68), P=.251.43 (0.77-2.65), P=.251.45 (0.82-2.57), P=.20Sex

0.97 (0.94-1.00), P=.070.97 (0.94-1.00), P=.060.97 (0.94-1.00), P=.07Age

0.96 (0.91-1.01), P=.100.87 (0.70-1.07), P=.190.92 (0.75-1.12), P=.40Demanding workplace T1

0.96 (0.91-1.01), P=.150.96 (0.91-1.02), P=.160.96 (0.91-1.01), P=.09Body mass index

2.25 (1.73-2.92), P<.012.26 (1.75-2.93), P<.01Lifestyle T1

1.96 (1.00-3.82), P=.05Intervention c

.23, P<.01.22, P<.01.05, P=.03R 2

.01, P=.05.17, P<.01Δ R 2

aLifestyle T1/T2=0 indicates not meeting both behavior recommendations (not performing ≥90 minutes of physical activity/week and/or not eating ≥2
portions of fruits and vegetables/day); T1/T2=1 indicates meeting both behavior recommendations (perform ≥ 90 minutes of physical activity/week,
and eating ≥ 2 portions of fruits and vegetables/day).
bDemanding workplace T1/T2=0 indicates sedentary/not physically demanding; T1/T2=1 indicates physically demanding.
cIntervention: 0 indicates active control condition; 1 indicates stage-matched intervention.

Likewise, in model 3, the treatment was tested in addition to
the variables included in model 2. Receiving the stage-matched

intervention in comparison with the active control condition
was also a significant predictor (P=.05; Table 4) for validating
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the previous results from frequency analysis (Table 3).
Practically speaking, those employees in the stage-matched
group were 2 times as likely to adopt or maintain a healthy
lifestyle in comparison with those who received the active
control condition. With model 3, almost one fourth of the
variance within lifestyle at follow-up could be attributed to
baseline lifestyle and treatment.

Testing Mechanisms of How the Treatment Facilitated
a Healthy Lifestyle
Finally, a multiple mediator analysis [30] tested whether the
effects of the intervention on lifestyle change (the synthesis of
physical activity and nutrition) may be explained by changes
in intention, planning, and social support (Figure 5).
Residualized change scores obtained by regressing T2 scores
on T1 scores were chosen for the putative mediators (Figure 6).

Group assignment predicted changes in all social-cognitive
variables, namely, in activity intention (beta=-.14, standard
error, SE=.07; P=.04) and in nutrition intention (beta=.36,
SE=.14; P=.01), and in activity planning (beta=.29, SE=.15;
P=.05, shown in bold in Figure 6) and in nutrition planning
(beta=.33, SE=.13; P=.01), as well as changes in social support
(beta=.32, SE=.11; P=.01). Lifestyle change, as operationalized
by meeting the recommendation toward physical activity and
nutrition, was predicted only by changes in activity planning
(beta=.22, SE=.05; P=.01, shown in bold in Figure 6) and by
no other variable. After controlling for changes in these predictor
variables, the relation between group assignment and behavior
change was no longer significant (beta=.15, SE=.14; P=.28;
without controlling: beta=.28, SE=.14; P=.05), which indicates
that physical activity planning was a full mediator of the
intervention effectiveness. The multiple mediator model

accounted for 10% of the variance (R2
adj=.08; P<.01) in lifestyle.

Figure 6. Mediation of the effect of the intervention on lifestyle changes by psychological variables. Significant changes are indicated by an asterisk.

Discussion

Preliminary Findings
This study aimed at gaining insights into computer-based health
promotion for employees and, more specifically, the efficacy
of a stage-matched intervention in comparison with an active
control condition. Evaluated outcomes were behavior (primary
outcome), intention, plans, social support, and lifestyle changes
combining both behaviors and BMI (secondary outcomes). In
addition, it was tested whether there was an effect of employees’
workplace characteristics, that is, whether employees had high
physical activity demands at work or not, on changes in primary
and secondary outcomes. A total of 384 employees from a large
logistics company took part in the study consisting of an
in-house measurement point with an intervention component
(online questionnaire and computer-based active control

treatment/stage-matched intervention) and a mail-out
questionnaire 4 weeks later.

Principal Results on Test of Hypotheses
The main expected intervention effects on single behavior and
combined lifestyle were identified: in the stage-matched
intervention group, significantly more study participants than
in the active control group improved their lifestyle,
operationalized as meeting the recommendations for physical
activity and nutrition (hypothesis 1b). This is a practically
important finding, as employees need to improve their lifestyles
to improve their health as well as their risk of absenteeism and
presenteeism. When evaluating single behavioral outcomes, the
same trend was observed: in comparison with individuals in the
active control group, individuals in the stage-matched
intervention group reported less decrease of physical activity
as well as more increase of consumption of fruits and vegetables
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over time (hypothesis 1a). Although differential intervention
effects surfaced on a descriptive level, we could detect a
significant time × treatment interaction only for selected
variables and conditions. Nonsignificant effects should be
interpreted with keeping in mind that standard deviations of
behavior were very high and even larger than the means of
behavior. Overall, our findings on multiple behavior change
replicate previous studies, which showed effects on both
behaviors [13,10]. Further testing the practical importance of
the intervention on lifestyle revealed that employees receiving
the stage-matched intervention were 2 times more likely to
adopt a healthy lifestyle (the synthesis of nutrition and physical
activity) than employees in the active control group. Taking the
different findings together, hypothesis 1 was partially confirmed.

Expected intervention effects on psychological predictors of
behavior (change) were also identified: when testing the effects
of time × intervention on the 5 psychosocial test variables
(intention and planning per behavior and general social support),
4 were found to be significant. While the stage-matched
intervention prevented the naturally occurring decline in
physical-activity-related cognitions and social support, it was
even able to increase the cognitions in the nutrition domain in
comparison with the active control group. This confirmed
hypothesis 2 with a majority (4/5) of the tested variables.

When testing the hypothesis on the intervention effects on BMI,
we found an unexpected effect in terms of an interaction with
workplace (ie, workplace × intervention group × time): whereas
individuals in the stage-matched group in a sedentary workplace
decreased their BMI more strongly than employees assigned to
the standard-care condition, the opposite effect was revealed in
study participants in a physically demanding workplace. In other
words, individuals in a physically demanding work environment
showed a higher decrease in BMI if they had been allocated to
the active control condition instead of the stage-matched
intervention. The significant changes in BMI over time are in
line with the assumption that computer-based behavior change
interventions have a potential to facilitate prevention, which is
coherent with the emerging literature [32]. In a Cochrane
systematic review on interactive computer-based interventions
for weight loss or weight maintenance in overweight or obese
people, it was found that such interventions significantly reduced
body weight [15]. Our study is consistent with this finding and
applies it to an occupational setting [2]. The finding that the
active control condition was more successful in reducing BMI
in employees working in physically demanding workplaces
might be related to content of the active control treatment: it
seems that explicitly addressing BMI and giving personalized
feedback is especially effective for these at-risk individuals
[13]. While the active control groups seemed to be advisable
for addressing obesity topics, we have to conclude that
hypothesis 3 was not supported. Thus, we only evaluated the
mechanisms that translate the intervention effects on lifestyle
changes and not on BMI.

The hypothesized changes in psychological predictors of
behavior change (intention, planning, and social support) were
found in the majority of the tested variables in the mediation
analysis. However, physical activity planning appeared to be
the only facilitator of the intervention efficacy: in the multiple

mediation model, we found that individuals in the stage-matched
intervention group who managed to maintain their physical
activity plans (Figure 5C) are more likely to adopt or maintain
a healthy lifestyle (Figure 6). This is especially remarkable as
it shows the gateway effect of physical activity mechanisms on
nutrition, which was found before [32]. In addition, our results
suggest that generating action plans for physical activity can
cross over to nutrition, whereas other motivational constructs
such as intention appear to be rather behavior specific. Referring
back to hypothesis 4, the data support the assumption of a
mediator. However, only physical activity planning seems to
operate as a mediator and not intention or social support. Thus,
hypothesis 4 was only partially supported.

Results on the Interaction Between the Intervention,
Time, and Workplace
The workplace characteristics emerged as a significant
moderator for changes in BMI: for employees working in a
sedentary workplace, the stage-matched intervention seemed
to decrease their BMI more strongly than for employees in the
active control condition. The opposite effect could be noted for
employees working in a physically demanding workplace: here,
individuals in the active control group started at a much higher
level and seemed to decrease their BMI more than the
stage-matched intervention group. However, this could also
relate to methodological effects such as regression to the mean,
and it is important to note that this interaction effect was small
with only 1% of explained variance. In comparison with all
other outcome variables, the effects of time on BMI were
highest. However, the time effects accounted for only 6% of
the variance in BMI change. In general, study participants
decreased their weight over the time lag of 4 weeks
(approximately 0.82 kg), which can be attributed to both
computer-based treatments. Larger effects could be expected
after a longer follow-up measurement point as bodily changes
require more time.

In general, only 1 of 8 tests revealed a significant triple
interaction with occupational physical activity (time × workplace
× treatment). It remains unclear whether such an interaction is
just too complex to explain additional variance in the other main
factors and interactions. However, this might also direct toward
the general merits of the computer-based intervention
irrespective of workplace characteristics [14,15]. Findings on
psychosocial predictors of the adoption of a healthy lifestyle
also indicate that workplace, and age, sex, and BMI were not
important in this process. Those employees who are engaged
in a healthy lifestyle before were also more likely to maintain
it. In more detail, previously active individuals were more than
2 times more likely to maintain a healthy lifestyle than those
individuals who were not previously active.

Although employees in the stage-matched intervention were 2
times more likely to adopt a healthy lifestyle, this effect is
mainly mediated by physical activity planning. Thus, it seems
imperative to help people to plan their physical activity, which
then not only helps them to become physically active as planned
but also to eat more healthily. This matches previously detected
gateway effects of physical activity on nutrition [32].
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In general, the results are in line with previous studies, which
were included in a recent review on health promotion
interventions implemented by occupational health services [13].
Coherent with findings on computer-based interventions,
significant effects were also found with regard to dietary change
and physical activity [14]. The applied stage-matching approach
is a very parsimonious option to allocate participants to
intervention packages. Although the allocation is based on a
single item (ie, stage algorithm), the intervention packages cover
a number of key psychological constructs that are assumed to
be important. Alternatively, participants could receive
interventions based on their answers to each individual,
psychological construct (ie, construct tailoring). This would
require much more complex algorithms for tailoring the
intervention to the needs of the recipients [14,17]. Overall, we
were able to demonstrate the advantage of the stage-matched
intervention over the one-size-fits-all intervention (ie, active
control group). However, this study might also be seen as
showing how important it is to include the matching of key
constructs in an intervention in general.

Future Directions
Overall, our findings support the usefulness of stage-matched
interventions. However, it remains unclear whether participants
in the active control group would have benefitted more if they
had received not only an information-based educational
treatment but also a complex one that included more powerful
constructs for behavior change such as self-efficacy, planning,
and action control. Thus, the gains that were observed for parts
of the entire sample might have also occurred in different
subsamples if the same treatment components were provided.
To examine this further, fully balanced match-mismatch research
designs are needed [33].

Limitations
Some limitations need to be mentioned. A selection bias of
study participants might be possible due to the following factors:
the context of the company’s physician office (eg, employees
might have expected more advices than if the kiosk would have
been in a cafeteria of the company), the open disclosure of the
study aims, and the posters with the prompt to stay fit
(consequently, more motivated people might have agreed to
participate), compared with using a bogus story for alternatively
recruiting study participants. Thus, these limitations should be
taken into account when interpreting the results.

In addition, the current data are based on online self-reports.
Online studies give researchers the potential to reach large

samples of persons with diverse socioeconomic status and age,
and from different geographic regions [22]. Although the
validity of self-reports on health behaviors appears to be
satisfactory and the utilized assessment was previously validated
[27], further validity studies of (online) self-reports should
replicate and extend the results of this study. Furthermore, only
short-term effects were investigated. Long-term effects may be
studied in greater depth in the future.

Thus, while the study had limitations (eg, self-report measures,
single intervention session, short follow-up measurement point),
future studies should test the findings using more extended
follow-ups and recording objective behavioral outcomes.
Moreover, in this study the efficacy was evaluated only in terms
of self-reported behavioral data and social-cognitive predictors
of behavior change. Usability testing employing eye-tracking
technology could add to this in the future, as this has been shown
to be an important facet of evaluation research in natural settings
[34].

Conclusion
To conclude, for the practice of occupational health promotion,
parsimonious computer-based interventions on multiple health
behaviors open avenues for reaching more employees, especially
those who are “on the road” as part of their job and may not
have access to company-owned, on-site support programs (eg,
face-to-face counseling). Upscaling individual-level, multiple
behavior workplace health promotion programs is a key to
preventing and managing chronic diseases. This is especially
imperative among the workforce due to the high proportions of
the total cost of productivity loss due to sick leave and disability
pensions attributable to obesity and obesity-related diseases [7].

Such interventions can be implemented either as an independent,
stand-alone program or as a supplement to existing on-site offers
(eg, counseling). Independent, computer-based programs might
be particularly appealing to shift or remote workers who do not
have access to trained in-person counselors. Many employees
could, thereby, be helped to be active and to stay healthy.
Theoretical implications could be to further include the human
factor mechanisms that translate intervention effects into
lifestyle changes. Planning, as a central variable, should
especially be considered further in occupational and
organizational health promotion. In addition, transfer effects,
from 1 behavior domain to another [26,32], should be researched
in more depth to explore synergetic effects.
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Abstract

Background: Approximately 80% of research evidence relevant to clinical practice never reaches the clinicians delivering
patient care. A key barrier for the translation of evidence into practice is the limited time and skills clinicians have to find and
appraise emerging evidence. Social media may provide a bridge between health researchers and health service providers.

Objective: The aim of this study was to determine the efficacy of social media as an educational medium to effectively translate
emerging research evidence into clinical practice.

Methods: The study used a mixed-methods approach. Evidence-based practice points were delivered via social media platforms.
The primary outcomes of attitude, knowledge, and behavior change were assessed using a preintervention/postintervention
evaluation, with qualitative data gathered to contextualize the findings.

Results: Data were obtained from 317 clinicians from multiple health disciplines, predominantly from the United Kingdom,
Australia, the United States, India, and Malaysia. The participants reported an overall improvement in attitudes toward social
media for professional development (P<.001). The knowledge evaluation demonstrated a significant increase in knowledge after
the training (P<.001). The majority of respondents (136/194, 70.1%) indicated that the education they had received via social
media had changed the way they practice, or intended to practice. Similarly, a large proportion of respondents (135/193, 69.9%)
indicated that the education they had received via social media had increased their use of research evidence within their clinical
practice.

Conclusions: Social media may be an effective educational medium for improving knowledge of health professionals, fostering
their use of research evidence, and changing their clinical behaviors by translating new research evidence into clinical practice.

(J Med Internet Res 2015;17(10):e242)   doi:10.2196/jmir.4763
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Introduction

Greater accessibility to the Internet and mobile technologies
has seen unprecedented opportunities for populations to access
health information, and for health professionals to access new
knowledge. In 2012, Facebook reported that it was hosting over
one billion users, or 15% of the world’s population [1] and
Twitter announced its users were sending 500 million tweets
per day [2]. The possibilities this presents in health care for
increasing the movement of knowledge from "bench to bedside"
is however still relatively unexplored. It is currently estimated
that 80% of research evidence relevant to clinical practice never
reaches clinicians delivering patient care [3]. One of the key
barriers for the translation of evidence from demonstrated
benefit into practice is the limited time available for clinicians
to search for, and appraise, emerging evidence [4]. This raises
the issue of whether social media could provide a bridge
between health researchers and health service providers,
allowing researchers to directly message peer-reviewed findings
to clinicians, and for clinicians to receive the messages on their
Web-enabled devices at the point of care [5,6].

In a health care context, one definition of social media is a
“collection of Web-based technologies that share a user-focused
approach to design and functionality, where users can actively
participate in content creation and editing through open
collaboration between members of communities of practice”
[7]. Social media, by overcoming barriers to engagement
associated with geography, can expand community-of-practice
networks, connecting practitioners irrespective of whether they
are rural, remote, or metropolitan based. The global reach of
the Internet facilitates a sharing and evolution of national and
global perspectives. Leading global and national health
authorities, journals, research centers, health professional
education societies, universities, and even hospitals now have
an active social media presence, which indicates the increasing
recognition of the importance of a social media presence among
leaders and governing bodies of health professional groups.
Bergl et al have demonstrated the use of Twitter feeds to
advance an internal medicine residency program’s educational
mission, where Twitter enhanced the residents' overall education
in residency [8]. The Cochrane Collaboration registered its first
systematic review title on social media for clinical excellence
in 2014. Arguably, social media has developed a "formal,"
professional side to its personality.

Although intuitively there seems to be mutual benefits to be
gained from connecting clinicians directly with researchers, the
issue has always been how do we create and facilitate effective
connections? Social media would appear to offer this
opportunity, as it becomes an acceptable medium between health
researchers and clinicians in translating emerging evidence into
practice [9]. However, in spite of growing research related to
the pedagogical value of the media from an educational
perspective and the role of blended learning modalities versus
traditional formats for knowledge translation [10-14], the
literature on the impact of social media on education has largely
centered on opinions and arguments around culture change and
aspects of the learning experience [7,15-17]. A systematic
review exploring the uses, benefits, and limitations of social

media for health communication was conducted by Moorhead
et al [15]. Their review identified three overarching benefits of
social media: increased interaction with others, more available
shared and tailored information, and increased accessibility and
widening access to health information. However, the vast
majority of studies identified within their review were of a poor
quality, largely due to the limitations of the methodologies used
and the descriptive nature of the studies. Their review also
identified the need to progress toward measuring the
effectiveness of social media for knowledge translation. A
further review conducted by Cheston et al exploring the use of
social media in medical education identified only four studies
that used an examination to assess knowledge change [7]. Of
t h o s e  s t u d i e s ,  o n l y  o n e  u t i l i z e d  a
preintervention/postintervention design with data taken from
the same participants, with empathy as their primary outcome
of interest [18]. As yet, no published studies have reported an
empirical evaluation of the impact and role of social media on
translation of health research into practice.

We have thus undertaken a study that aims to determine the
efficacy of social media as an educational medium to effectively
translate emerging research evidence into clinical practice,
through changing clinician knowledge and behaviors. The
context for this trial was the management of tendinopathy. The
scientific basis for managing tendon injuries has rapidly
expanded in recent years [19], and it is also a condition that
clinicians encounter regularly.

Methods

Design
The study used a mixed-methods approach. The primary
outcomes of attitude, knowledge, and behavior change were
assessed using a preintervention/postintervention, with
qualitative data gathered to contextualize the quantitative results.
Ethics approval for this research was obtained through the
Monash University Human Research Ethics committee (CF
14/1372-2014000640).

Participants
The participant group was deliberately inclusive to reflect the
nature and reach of social media platforms, and to authentically
simulate health professional education via social media. The
invitation to participate was distributed via social
media—Monash Tendon Research Group social feeds—as well
as via an email to the primary clinical affiliates (ie, partner
health service sites) of (1) Monash University, Faculty of
Medicine, Nursing and Health Sciences, Australia, (2) Monash
University Malaysia, (3) Warwick Medical School, University
of Warwick, United Kingdom, (4) University of Southern
California, and (5) Swami Vivekanand National Institute of
Rehabilitation Training and Research, India. Undergraduate
students were eligible to participate if they were actively
engaged in providing clinical care as part of workplace-based
education.

Intervention
Participants took part in a short course, delivered through the
social media platforms of Twitter and Facebook; these were
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chosen as they are currently the two most widely used social
media platforms. The course consisted of eight practice points
provided to participants over 2 weeks, with half of the
participants randomized to receive the education through
Twitter, and half through Facebook. The practice points were
developed by tendon researchers, in conjunction with
educational and clinical experts. The practice points included
"headline" information focused on the key finding or implication
for practice, along with supporting materials that typically
included a link to a peer-reviewed open access journal article
or a podcast, of between 25 and 60 minutes duration, given by
clinical experts. Only open access articles were used.
Participants were encouraged to utilize the functionality of social
media by responding to the practice points with their own
comments and opinions, or forwarding messages of interest.
Training in participation was provided in the form of a 5-minute
video clip, explaining the details of creating an account, and in
accessing and following the study’s social media site. The
participant would then be able to access the practice points
during the course, interpret social media timelines, and
contribute to the conversation. A detailed PDF file provided a
written version for those who preferred this to video-based
instructions.

Outcomes
Demographic data were collected about participants including
country, gender, age, area of practice, years of experience, use
of social media, and frequency of contact with people seeking
health services for tendon conditions. Kirkpatrick’s hierarchy
of educational outcomes proposes that training effects should
be examined for four levels of impact: (1) participant reaction,
(2) knowledge, (3) change in behavior, and (4) change in health
outcomes [20]. Outcomes across levels of impact 1-3 were
studied, with the same measures taken at baseline and at 1 week
after the intervention.

Participant reactions (Level 1) were measured using the Social
Media Use and Perception Instrument (SMUPI). The SMUPI,
a questionnaire validated in the population of internal medicine,
seeks participant use and attitudes toward social media for
continuing professional development [21]. The SMUPI consists
of 10 items, each measured across a 5-point Likert scale, with
the higher values representing more positive attitudes.

Knowledge (Level 2) was measured via an online examination
administered 1 week before and after the short course. The
examination included 16 questions; each practice point was
allocated two examination questions. The first question related
directly to the "headline" information of the practice point, and
the second question required knowledge gained from the
supporting information provided with the practice point.
Questions were in multiple-choice format, with one correct
answer and four distractors for each question (see Multimedia
Appendix 1). The same questions were used for both baseline
and posteducation examinations, except that the questions along
with their answers and distractors were randomized to avoid
answers based on pattern recognition. Self-rated knowledge
was also measured with a 5-point Likert scale (1=very poor,
5=very good) asking the participant to self-rate their perceived
knowledge of best practice in tendinopathy management.

Self-rated confidence in interacting with people with
tendinopathy was also measured using the same 5-point Likert
scale.

Changes in behavior (Level 3) were determined by self-reported
change in practice, or intended practice, after completing the
program. Participants were first asked, “Has the education you
have received via social media during this trial changed the way
you practice, or intend to practice, with musculoskeletal
clients?” followed by the open-text comment, “If you answered
‘yes’ to the question above, please indicate in the space provided
below in what way the program has changed your management
of tendon clients.” Subsequently, participants had to respond
to the following question: “Has the education you have received
during this trial increased your use of research evidence within
your clinical practice?”

Assessment at all levels of outcomes was administered via an
anonymous online survey. Participants entered a unique
identifying password that enabled the research team to match
presurvey and postsurvey data for each participant to assess
change across time. Participants received a certificate of course
completion as an incentive, provided after the participant had
completed the postcourse examination. To maintain participant
anonymity, the mailing address provided for awarding the
certificate was not linked to any survey data.

Data Analysis
Mixed linear models were used to analyze the repeated
measurements of the participants. The analyses used all the
available data and are based on the assumption that missing
values are missing at random. No direct imputation of missing
values was undertaken, with the mixed-models approach now
regarded as standard [22]. The restricted maximum likelihood
(REML) method, as implemented in the GenStat version 17
(VSN International) statistical package [23], was used to fit the
models and calculate predicted means; F tests were used to test
the main effects of time (pre and post). Pairwise least significant
difference tests were based on these analyses and conducted at
the 5% significance level.  Diagnostic plots of residuals were
checked to assess whether or not there were departures from
the usual assumptions—homogeneity of variance and
normality—required for optimal performance of these statistical
tests. Analyses of the 5-point Likert scales also used the same
approach as is customary with large datasets [24].  The analyses
of binary response outcomes—"changed, or intention to change,
practice” and “use of research evidence”—were based on logistic
regression models, also fitted using GenStat version 17 (VSN
International).

Results

Overview
Of the 317 total participants who participated in the study's data
collection, 99 (31.2%) completed the baseline activities only,
45 (14.2%) completed the postbaseline activities only, and 173
(54.6%) completed the activities at both time points. A study
flowchart is provided in Figure 1. Participants represented a
spread of professions, ages, and countries, as summarized in
Table 1.
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The educational program was delivered as described.
Screenshots to illustrate the presentation and format of the
practice points developed and delivered via Twitter and

Facebook are provided in Figures 2 and 3, respectively. The
distribution of the eight practice points delivered were spread
evenly over the 2-week period.

Table 1. Participant demographic data recorded at study baseline.

Participants (n=272), n (%)Descriptor

Country

107 (39.3)Australia

28 (10.3)India

11 (4.0)Malaysia

52 (19.1)United Kingdom

29 (10.7)United States

43 (15.8)Other

2 (0.7)Not recorded

Age in years

67 (24.9)18-24

123 (45.2)25-34

59 (21.7)35-44

16 (5.9)45-54

7 (2.6)>54

Profession

37 (13.6)Medicine

193 (71.0)Physiotherapy

18 (6.6)Podiatry

20 (7.4)Other

4 (1.5)Not specified

Figure 1. Study flowchart.
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Figure 2. Screenshot of a practice point delivered via Twitter.

Figure 3. Screenshot of a practice point delivered via Facebook.

Evaluation Outcomes

Change in Participant Attitudes to Social Media and
Participation (Kirkpatrick’s Level 1)
The participants reported an overall improvement in attitudes
toward social media for professional development using total

scores for the SMUPI (premean=39.93, pre-SEM=0.41,
postmean=41.32, post-SEM= 0.45; SED 0.44, 95% CI 0.57-2.29,
P=.001), with improved attitudes reported for seven out of the
10 scale items (Table 2). A total of 8.7% (17/195) of participants
reported actively engaging with fellow participants via social
media during the study period.
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Table 2. SMUPIa item predicted means from preanalysis/postanalysis.

P95% CISEDPostinterventionPreinterventionSMUPI item

SEMMeannSEMMeann

.009 b0.036-0.2660.0580.0564.2262130.0514.0752691. I would use social media to gain professional
knowledge

.0030.054-0.2770.0570.0554.2502120.0504.0842692. I would use social media to enhance my education
or professional development

.53-0.077

to 0.152

0.0580.0534.2682110.0484.2312693. Social media would be useful for learning about
professional development courses

.35-0.057

to 0.145

0.0510.0504.3102130.0454.2662694. I would be interested in social media for information
about professional development opportunities

.0070.042-0.2790.0600.0564.2072120.0504.0472695. I would like to have professional development
courses advertised to me by social media

.020.020-0.2700.0630.0584.0952130.0523.9502686. Professional development courses should use social
media to enhance learning

<.0010.213-0.4760.0670.0633.8942120.0563.5502697. Social media is a professional way to assess profes-
sional development course content

<.0010.178-0.4180.0610.0593.9722130.0533.6742698. Social media is an ethical way to engage profession-
al development participants

<.0010.119-0.3540.0600.0584.0562120.0533.8202699. Social media is an appropriate resource for profes-
sional development

.42-0.063

to 0.163

0.0570.0544.3272110.0484.27726810. Social media will be increasingly utilized for pro-
fessional development in the future

aSocial Media Use and Perception Instrument (SMUPI). The scale for all 10 items ranges from 1 (strongly disagree) to 5 (strongly agree).
bStatistically significant preanalysis/postanalysis changes are shown in italics.

Knowledge Change (Kirkpatrick’s Level 2)
The participant responses to the self-rating of their knowledge
of best practice in the management of tendon clients showed a
significant increase in Likert scale means pretraining to
post-training via the social media intervention (premean = 3.10,
postmean = 3.65; difference = 0.55, 95% CI 0.44-0.65;
F1,215.7=103.2, P<.001). The participant responses to the
self-rating of their confidence for interacting with people with
tendinopathy also increased after the social media-based training
(premean = 3.30, postmean = 3.71; difference = 0.41, 95% CI
0.31-0.52; F1,211.8 = 59.32, P<.001).

The examination results demonstrated a significant increase in
knowledge following the short course (premean = 44.52%,
postmean = 61.70%; difference = 17.17%, 95% CI 14.06-20.28;

F1,201.4 = 121.8, P<.001). This shift in knowledge was made up
of a significant increase in examination questions that were
based on the "headline" information within the provided practice
points (premean =3.97, postmean = 5.48; difference = 1.51,
95% CI 1.20-1.81; F1,211.4 = 98.82, P<.001), as well as the
examination questions based on the further activities (readings
or podcasts) provided in the practice points (premean = 3.17,
postmean = 4.42; difference = 1.25, 95% CI 0.98-1.53; F1,206.7

= 80.75, P<.001). A subanalysis observed that the significant
positive shift in knowledge occurred regardless of
profession—medicine, physiotherapy, and podiatry—or
country—the United Kingdom, Australia, the United States,
Malaysia, and India. A summary table of the pretraining and
post-training results for the knowledge change items is provided
in Table 3.

Table 3. Predicted means for pretraining and post-training knowledge outcomes.

P95% CISEDPost-trainingPretrainingItem

SEMMean or test
score

nSEMMean or test
score

n

<.0010.438-0.6510.0540.0563.6492170.0513.104270Self-rated knowledge of best practice,
mean

<.0010.308-0.5240.0550.0583.7142170.0533.298271Self-rated confidence, mean

<.00114.061-20.2821.5771.62961.6961981.46544.525259Examination (test score), %
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Behavior Change (Kirkpatrick’s Level 3)
The majority of respondents (136/194, 70.1%) indicated that
the education they had received via social media had changed
the way they practice, or intended to practice. Those who
answered in the affirmative were asked in what way their
practice had changed. Thematic analysis of participant open-text
responses revealed change in practice concentrated into three
key themes: (1) use of evidence-based interventions, (2) patient
monitoring, and (3) improved ability for shared (clinician and
client) decision making. The following quotes have been
provided below to contextualize these themes.

I am more willing to prescribe eccentric exercises
and implement the knowledge I learned when treating
future patients. [Theme: Evidence-based
interventions]

She [presenter in podcast] also mentioned using pain
ratings after 24hrs post exercise to determine if the
load was appropriate. I probably would have
responded more to pain during the exercise as an
indicator of proper exercise intensity. [Theme: Patient
monitoring]

The information provided on platelet rich plasma
injections would allow me to provide patients with
this information in a shared decision-making process.
[Theme: Shared decision making]

Similarly, a large proportion of respondents (135/193, 69.9%)
indicated that the education they had received via social media
had increased their use of research evidence within their clinical
practice. Thematic analysis of open-text comments to better
understand the participant responses revealed that the education
provided a motivating reason as to why they should improve
their evidence-seeking behavior. This largely occurred through
surprise at how fast clinically relevant knowledge was
advancing.

This course reminded me that even though I am only
2 years out of school, literature is rapidly advancing
and changing; therefore it is vital to continue to seek
literature to maintain evidence-based practice
evidence.

Participant use of research evidence was also influenced through
the education by providing the participants with a new method
in how to seek and access new information.

This was a great tool [social media] to catch up on
the literature without having to pay for individual
articles and not investing the time into untimely
literature searches.

Discussion

Principal Findings
This study evaluated the impact of delivering evidence-based
knowledge to clinicians via social media. The findings contribute
novel information to the field of medical education and
evidence-based practice. Under our pretraining/post-training
study conditions, clinicians reported positive changes in their
attitudes and clinical behaviors, and demonstrated increased

knowledge after their social media-based educational
intervention. Although this is new empirical knowledge, it aligns
with literature evaluating the effectiveness of blended learning
approaches involving social media within health professional
education [25], and researcher and clinician perspectives on the
potential use of social media for effective professional
development [10,16,21]. The key contrasting differences
between earlier literature investigating knowledge change from
social media [15,18,26] is the strength of the methodology and
the context of the education focused on translating emerging
research evidence into practice.

These preliminary findings, if validated in a randomized and
controlled trial, would have implications across the health care,
research, and education sectors. From the researcher's
perspective, our results may provide new motivation to be
outwardly engaged and more connected with clinicians at the
coalface. The health researchers and health research centers
who have cultivated a large social media following should be
encouraged by the findings of this study, which support the
potential effectiveness of their efforts. Researchers who are new
to social media should be supported to actively disseminate
research findings and participate in conversations with clinical
stakeholders. From the clinician's perspective, social media is
a legitimate form of continuing professional development, with
the advantage of being flexible and asynchronous (ie, the
material does not have to be accessed at the time of delivery).
The extensive global use of social media by clinicians would
enable access to minority areas of interest.

From the educator’s perspective, social media provides an
opportunity to link health professional learners to new learning
opportunities, thereby expanding the classroom and providing
a potentially international audience to locally produced
education. Social media is most aligned with
social-constructivist pedagogy, with the open seeking and
sharing of information, encouraging collaboration and
cooperation between learners. It may harness the educational
advantage of fostering a sense of community for the learner:
"Someone is contacting me, and I can talk to them. I can directly
contact, and clarify issues with the leaders in the field; my
perspectives can influence how experts consider the issues."
This is a distinctly new model of student engagement, and a
paradigm shift in how we conceptualize education. Education
within social media enables a pedagogical approach that
appropriately blends academic and personally elating
experiences. More than just information seeking, learners have
the chance to feel a part of the source of valued information,
becoming cocreators and curators of the content. These
influences are not limited to undergraduate education, or to the
professional development of our existing health workforce
industry. Industry requires graduates who have the skills and
desire to critically appraise information, improve knowledge,
and contribute to practice change [27]. Similarly, learners wish
to enter a workforce that is adaptable as opposed to perpetuating
outdated practices [17].

A key limitation to the effectiveness of social media for
continued professional development, and the translation of new
evidence into practice, is that social media relies heavily on the
end user to be able to discern relevant information and ascertain
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whether the information is based on sound evidence. Inability
to critique the information presented may result in inaccurate
information being created and perpetuated. Dangers also exist
for the "education provider" in the social media pathway. Many
researchers and clinicians who engage through social media
platforms may not be aware of the safe and effective use of the
medium, the etiquette of social media, or the application of
relevant laws such as copyright and plagiarism. At present, there
are limited training opportunities in the professional use of
social media for health professionals.

Aside from limitations in the concept of social media for health
professional education, limitations also exist within the study
conducted that may affect the generalizability of the results.
Knowledge change was assessed using the same 16-question
multiple-choice exam at baseline and follow-up. This introduces
the possibility of a learning effect. To counter this, both the
examination questions and response items were presented in a
random order. To minimize the risk of participant collaboration
between participants during the examination, the learner was
reminded that the examination was anonymous (ie, matched by
code, rather than participant name) and that correct answers
would be provided on completion of the study. There is also
potential for reporting bias as participants were asked to
self-assess the impact of the learning intervention. This
limitation would be addressed in a randomized controlled trial
of the intervention, which is recommended as a future line of
investigation. A longer follow-up period may allow more
detailed data to be collected on behavior change over time. The
impact of self-selection and prior social media usage by
participants has the potential to affect the participants’
willingness to participate and their reaction to the educational
platform.

This work identifies targets for research on social media within
health professional education. Researchers, educators, and
clinicians cannot ignore the reach of social media in health
professional education. This reach is further evidenced by the

logistics of this trial, a low-cost approach to bringing together
a large number of clinicians from across the world—a research
paradigm enabled by the nature of the intervention. Social media
has developed into a convenient and acceptable link between
clinicians and sources of information for professional
development, as well as between researchers and clinicians.
Rather than looking at whether or not social media is effective
for health professional education, it may be time to look at how
various modalities can be optimized, both in terms of how the
messages are delivered and how learners can be supported to
engage. In addition, the cost-effectiveness and sustainability of
such models should be determined to allow informed risk
management and to improve the adoption of such modalities.
Further research may contribute to existing literature by focusing
on the barriers and facilitators for leading researchers and
clinicians to transition away from private social media forums
to more public forums, allowing them to become more
outwardly engaged in reducing the knowledge-to-practice gap
in the health professions.

Conclusions
Social media appears to be an effective educational medium to
provide information to clinicians for improving knowledge,
fostering the use of research evidence by health professionals,
and changing their clinical behaviors by translating new research
evidence into clinical practice. Social media equalizes
information sharing, thereby challenging historical hierarchies.
It enables a direct information-sharing pathway and provides
opportunities for discussion among clinicians, health researchers,
professional associations, authors of journal articles, and other
key industry stakeholders. Using social media to provide tailored
and direct connections between researchers and clinicians
facilitates the translation of new knowledge and practice,
overcoming many of the obstacles within the “evidence
pipeline.” In this way, it can help reduce the evidence-to-practice
gap—the essence of research translation.
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Abstract

Background: The mEducator Best Practice Network (BPN) implemented and extended standards and reference models in
e-learning to develop innovative frameworks as well as solutions that enable specialized state-of-the-art medical educational
content to be discovered, retrieved, shared, and re-purposed across European Institutions, targeting medical students, doctors,
educators and health care professionals. Scenario-based evaluation for usability testing, complemented with data from online
questionnaires and field notes of users’ performance, was designed and utilized for the evaluation of these solutions.

Objective: The objective of this work is twofold: (1) to describe one instantiation of the mEducator BPN solutions (mEducator3.0
- “MEdical Education LINnked Arena” MELINA+) with a focus on the metadata schema used, as well as on other aspects of the
system that pertain to usability and acceptance, and (2) to present evaluation results on the suitability of the proposed metadata
schema for searching, retrieving, and sharing of medical content and with respect to the overall usability and acceptance of the
system from the target users.

Methods: A comprehensive evaluation methodology framework was developed and applied to four case studies, which were
conducted in four different countries (ie, Greece, Cyprus, Bulgaria and Romania), with a total of 126 participants. In these case
studies, scenarios referring to creating, sharing, and retrieving medical educational content using mEducator3.0 were used. The
data were collected through two online questionnaires, consisting of 36 closed-ended questions and two open-ended questions
that referred to mEducator 3.0 and through the use of field notes during scenario-based evaluations.

Results: The main findings of the study showed that even though the informational needs of the mEducator target groups were
addressed to a satisfactory extent and the metadata schema supported content creation, sharing, and retrieval from an end-user
perspective, users faced difficulties in achieving a shared understanding of the meaning of some metadata fields and in correctly
managing the intellectual property rights of repurposed content.
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Conclusions: The results of this evaluation impact researchers, medical professionals, and designers interested in using similar
systems for educational content sharing in medical and other domains. Recommendations on how to improve the search, retrieval,
identification, and obtaining of medical resources are provided, by addressing issues of content description metadata, content
description procedures, and intellectual property rights for re-purposed content.

(J Med Internet Res 2015;17(10):e229)   doi:10.2196/jmir.3650
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searching and sharing of medical educational content; repurposing; metadata; evaluation

Introduction

The mEducator Best Practice Network and Solutions
Proposed
Although there is an abundance of medical educational content
available in individual academic institutions, it is not widely
available or easy to discover and retrieve due to a lack of
standardized content-sharing mechanisms. Medical education
institutions often use a variety of Web-based Learning Content
Management Systems (LCMSs) to support the teaching and
learning process. They also use some of the available
educational standards to describe the educational content in the
LCMS. This would presumably allow for better managing of
the content through the Web and increase its interoperability in
different LCMSs and platforms, but instead these learning
materials often remain confined within the individual
institutions. Sharing educational material has been the focus of
recent developments and practice. Web 2.0 has highlighted the
importance of sharing, as well as social collaboration and
participation, social networking, and crowd intelligence in the
domain of health education, where medical doctors, medical
students, practitioners, and others, can benefit from open access
to information and sharing of ideas, questions, and opinions [1].

Despite numerous efforts and emphasis in the area of educational
content development and its sharing through social media (eg,
YouTube), there has been no prominent, clear, and
standards-based solution for the seamless sharing of educational
content in medicine, where seamless implies immediate
awareness of any new educational content, accuracy of its
classification regarding the topics and skills being addressed,
and visibility of any existing adaptations of the content to suit
different educational context (repurposing). For example, recent
research has examined the use of a standardized medical
thesaurus (SNOMED CT) in YouTube health video tags from
preselected YouTube medical education channels and found
that the average percentage of YouTube tags expressed using
SNOMED CT terms was about 22% [2]. To fill this gap, the
mEducator Best Practice Network (BPN) implemented standards
and reference models in e-learning to develop innovative
solutions that enable specialized state-of-the-art medical
educational content to be discovered, retrieved, shared, and
re-used across European Institutions, targeting medical students,
doctors, educators, and health care professionals [3]. For this
aim, mEducator also had to elaborate on pedagogical, technical,
standardization, cultural, social, and legal issues.

mEducator has tackled the challenge of seamless sharing of
educational content by fusing the social Web and the semantic

Web concepts. Learning management systems and open
educational repositories were united so that educators and
learners could organize, repurpose (defined as convert for use
in another format or educational context), re-use, and share
medical educational resources. Different platforms have been
created to enable the organization, repurposing, re-use, and
sharing of medical educational resources. The mEducator
ontology has played a pivotal role in this endeavor, as it has
been designed to provide the various mEducator instances with
a metadata schema that has well-defined semantics [1]. These
instances, all using the same metadata schema, can be classified
based on the specific underlying technologies: two solution
frameworks that were developed for multitype content sharing
and repurposing.

First Solution: mEducator2.0, Based on Web 2.0
Technologies (Specifically Mashups)
In mEducator2.0, a brokerage mechanism was created based
on mashups and other Web 2.0 technologies, which allows
medical educational content to be shared across LCMSs, thereby
creating a loosely coupled network of LCMSs. A mashup is a
Web application that uses content from more than one source
to create a single new service displayed in a single graphical
interface. Users can access mEducator educational material
through the mEducator2.0 portal and their own systems using
mashup technologies. mEducator users across multiple
institutions may use the mashups for uploading, creating, and
editing content metadata, as well as for the search and retrieval
of content. Alternatively, for users without access to a specific
LCMS, an independent platform has been created, which applies
Web 2.0 techniques and facilitates user collaboration, allowing,
at the same time, the creation of social networks for medical
education and knowledge exchange [1].

Second Solution: mEducator3.0, Based on Semantic
Web Technologies (Specifically Linked Data)
The mEducator3.0 solution is designed around a federated
architecture based on a service-oriented application framework
and the use of semantic technologies. The framework is
fundamentally based on the Semantic Web Services-oriented
e-learning architecture [4,5] and the emerging Linked Data and
Linked Services paradigms [6]. This solution fundamentally
exploits semantic representations of data and services to provide
interoperability between e-learning repositories spread across
the Web. In particular, descriptions of the content are based on
machine-understandable metadata and vocabularies that also
follow linked data principles [7,8].

There are four instantiations of the mEducator3.0 solution,
which differ in the type of content management technologies
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(CMT) they are integrated with: (1) mEducator3.0-MILES+,
based on semantic extensions of Moodle [9,10], (2)
mEducator3.0-MELINA+, based on the Drupal content
management system (CMS), (3) mEducator3.0-Linked
Labyrinth+ [11], based on the Open Labyrinth platform for
Virtual patients, and (4) mEducator3.0-Metamorphosis+, based
on the social network, Elgg [12,13].

This paper focuses on the evaluation of MELINA+, with respect
to the underlying metadata schema and the overall usability and
user acceptance of the system. We chose to report on this
solution because it was the most widely tested, in a number of
different settings, in four different countries (ie, Greece, Cyprus,
Bulgaria, and Romania), with a sufficient number of users. This
study is original in implementing scenario-based assessment
for evaluating content-sharing technologies in tandem with
end-users, contents, and their interactions. The paper is
structured as follows: the next section synthesizes the findings
of a literature review on evaluating metadata in e-learning
systems, which leads to the section where we define the term
“metadata schema” and illustrate its importance in the context
of mEducator. We then provide the rationale for using
scenario-based evaluation to address the target users’needs and
conclude with the research goal of the study. The methodology
section describes how scenario-based evaluation was conducted
and provides information on the participants of the study and
the instruments that were used. The results section presents the
results of the evaluation of the metadata schema and the overall
usability of the system, as well as how the latter was perceived
and accepted by users. The discussion section provides
recommendations and lessons learned from the evaluation and
draws implications for the design of content sharing and
repurposing systems for medical education.

What We Know From Previous Research

Evaluating Metadata in E-Learning Systems: Research
Background and Rationale
The evaluation framework of mEducator has drawn from the
literature on the implementation and evaluation of metadata in
other e-learning systems [14]. The term metadata is used to
describe data that provide additional information about a certain
item’s content, that is, data about data. A metadata schema is
composed of a set of terms, a set of structural definitions of
metadata instances, and a binding schema for implementation
[15,16]. In the e-learning context, metadata, by providing
descriptive information about resources and learning objects,
facilitate retrieval and re-use in various instructional contexts
and have been researched extensively [17]. One such example
is the Adaptive Hypermedia Knowledge Management
E-Learning Platform, which used metadata to satisfy
requirements such as reusability and interoperability and
provided tools to support teachers in the evaluation, import, and
retrieval of high-quality educational resources. Rego et al [17]
focused on the evaluation of the quality of learning objects and
developed a tool that involved the use of an intelligent agent
using data mining techniques for the analysis of the metadata
contained in the learning object.

Researchers, who concentrated their efforts on designing a
system where users could most effectively find the items they
searched for, agreed on two crucial factors: (1) the effective use
of metadata [18] and (2) a user-centered approach [19-21].
Morales-Salcedo et al [19] in their U-campus (Ubiquitous
campus) project, provided users with means to access and
control all available resources in a uniform fashion from a single
vantage point. Gkatzidou et al [20] adopted a user-centered
approach in their effort to create reusable, accessible, and
adaptable learning objects, by focusing attention to user profiles.
In their case, metadata were used to describe not only the
learning object but also the learner’s profile. Specifically, the
description of the user’s immediate needs and preferences was
matched with a description of the components of a resource or
service to provide an accessible relationship between the learner
and the resource and enable the delivery of learning content that
has been adapted to suit the needs of the individual user.
However, they did not provide a way for evaluating their
approach.

To reduce the subjectivity in the evaluation of the quality of
metadata, some researchers [22] borrowed the evaluation
framework proposed by others [23] and provided methodological
guidelines that are useful for the evaluation of metadata in other
types of systems. This framework summarized the quality of
the metadata instance in seven measurable parameters: (1)
completeness, (2) accuracy, (3) provenance, (4) conformance
to expectation, (5) logical consistency and coherence, (6)
timeliness, and (7) accessibility. As explained in [22]:

In a complete metadata record, the learning object
is described using all the fields that are relevant to
describe it. In an accurate metadata record, the data
contained in the fields correspond to the object that
is being described. The provenance parameter reflects
the degree of trust that you have in the creator of the
metadata record. Conformance to expectations
measures how well the data contained in the record
let you gain knowledge about the learning object
without actually seeing the object. Logical consistency
and coherence reflects two measures: The consistency
measures if the values chosen for different fields in
the record agree between them. Coherence measures
if all the fields talk about the same object. Timeliness
measures how up-to-date the metadata record is
compared with changes in the object. Accessibility
measures how well you are able to understand the
content of the metadata record (p. 6).

Adopting a user-centered approach and recognizing both the
limitations of having experts create metadata and the limitations
of automatically generating them, Zens and Baumgartner [21],
in their effort to allow users to find resources that fit their needs,
suggested social tagging of metadata in the context of education
as a third way of creating metadata. The pedagogical potential
of social bookmarking was also critically presented by Dias et
al [24]. The system by Zens and Baumgartner [21] was called
MELT (A Metadata Ecology for Learning and Teaching), and
it represents a content enrichment project that bridged 17 public
and private sector content partners with the goal of promoting
the exchange of learning resources across Europe. MELT used
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an existing brokerage system that supported federated searching
across a network of linked content repositories. MELT pursued
a multilayer metadata enrichment approach that included expert
indexing, automatic metadata generation, and social tagging.
Social tagging allowed users to add tags to given objects and
thus reflected the view of multiple users. It resulted in many
accumulative metadata records related to a given resource.
Social tagging results in folksonomies. Folksonomies are
user-generated taxonomies that facilitate the sharing of content
within a social network of users and potentially promote an
efficient discovery of learning resources that meet the user’s
needs. The potential of taxonomies for learning objects in the
medical domain has been explored by mEducator in [25]. A
similarity between MELT and mEducator is that mEducator
also allows users to add open-ended metadata fields when adding
content in the platform [25], when the existing metadata do not
cover a specific aspect they consider important. For the
evaluation of the effectiveness of MELT, seven success
indicators were implemented, some of which are applicable in
the context of mEducator, as well. Those success indicators are
the following: (1) effectiveness and efficiency of the search and
retrieval process, (2) utility of metadata enriched by experts for
finding relevant content, (3) utility of folksonomies for finding
relevant content, (4) effectiveness of automatically generated
metadata regarding discovery of content, (5) user satisfaction,
(6) use of the retrieved content, and (7) use of content across
languages and across countries.

Evaluating Metadata in mEducator
The term “metadata schema” is used in mEducator to describe
medical educational resources of various types in a standardized,
machine processable format in order to enable the medical
educational resources to be shared, exchanged, searched, and
retrieved across academic institutions. One key challenge was
that the completion of metadata is not performed by professional
indexers, as was the case in previous research [26], but is largely
delegated to end-users and content providers. This is challenging
because, in general, it is difficult for the end-users to achieve a
shared understanding of the meaning of the metadata fields, as
demonstrated in studies of digital libraries [27] and in some
preliminary studies carried out within mEducator [28].

The approach followed by mEducator in the design of the
metadata schema was based on an attempt to balance competing
requirements. Specifically, the number of required fields,
including ones deemed essential to the mEducator
content-sharing model, that is, specification of the intellectual
property rights (IPR) for the shared content and the description

of the content modification carried out during repurposing
extensions was minimized, while the opportunity for richer
descriptions of the resource was still provided in the system.
Controlled vocabularies/taxonomies were introduced to facilitate
classification of the educational resource. A set of additional
optional fields were proposed for a more comprehensive
description of the educational/pedagogical aspects of the content.
The metadata-filling interface in mEducator MELINA+ is shown
in Figure 1. After providing a title, a user had to specify fields,
such as IPR licenses, metadata description language, learning
resource language, quality, resource creator, metadata creator,
learning resource creation date, description, media type, resource
type, and discipline (Figure 1).

The evaluation of the mEducator3.0 solution MELINA+ was
based on an evaluation framework specifically developed for
assessing the effectiveness of all the platforms that were
implemented through the mEducator BPN and any future
platforms that attempt to address the same issues. An a priori
analysis of the goals and nature of the mEducator solutions
pointed to five important pillars that need to be addressed in an
evaluation model [29]: (1) IPR of content (refers to license types
and mechanisms of content protection), (2) repurposing (refers
to the tracking of content genealogy and content re-use
activities), (3) accessibility of metadata schema, (4) content
evaluation (system generated analyses, user review, peer review
process), and (5) content sharing. At the same time, three
dimensions are transversal and span those pillars: (1)
human-computer interaction (HCI) (overall accessibility,
usability, consistency of the proposed solutions), (2)
technological issues (requirements for content providers,
handling of content updates, system performance, and
maintenance requirements), and (3) sustainability (incentives
for content providers/ consumers/ reviewers and financial
sustainability).

mEducator attempted to take the context of the target users’
activities into account in the evaluation effort. Accordingly, the
targeted user groups serve as the point of departure for designing
and executing user testing. Evaluation is based on scenarios
typical for each user group’s context of using Web services
(scenario-based evaluation). These activity scenarios also take
into account the dominant or typical content types for each user
group and context. The decision to use activity scenarios is
supported by previous research that showed that good
assessment scenarios are particularly revealing and valuable
because they ask learners to make decisions by applying their
understanding of the system [30].
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Figure 1. The metadata filling interface in meducator MELINA+.

Scenario-Based Evaluation: Research Background and
Rationale
Several research attempts have focused on developing a
scenario-based evaluation model in diverse disciplines, such as

the online assessment of students’ problem solving skills [30],
educational assessment [31], service-oriented architectures [32],
and software engineering [33], to name a few. In medical
education in particular, scenario-based assessment is being used
extensively for the assessment of clinical skills [34] or for
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training [35] or even for exploring design requirements for
repurposing medical cases [36].

In the context of educational assessment, Mayotte [31] attempted
to evaluate the effectiveness of an interactive scenario-based
assessment system to address the limitations of traditional
assessment methods, allowing students to troubleshoot complex
scenarios, ask questions, and make diagnoses through an
interactive Web interface. His research showed that
scenario-based assessment placed greater emphasis on learners’
problem solving, critical thinking, and reasoning skills. In the
context of educational assessment within medical education,
Nestel et al collected performance data [34] when third-year
medical students worked through scenarios undertaking defined
tasks for the assessment of their procedural skills in
contextualized (specific objective-driven) tasks. In the latter
research [34], it was found that scenario-based evaluation was
valued for the opportunity to practice patient-centered care in
a simulated setting that integrated technical, communication,
and other professional skills. These researchers concluded that
scenario-based assessment reflected real-world issues of
patient-centered care [34]. In the context of scenario-based
training in medical education, similar findings were reported
by [35] who found that scenario-based virtual world team
training of cardiopulmonary resuscitation (CPR) was feasible
and showed promising results for the training of medical
students in multiperson CPR. Moreover, the value of
scenario-based think aloud protocols in the area of symptom
interpretation, online diagnosis, and HCI was demonstrated by
[37] in their work with adults aged over 50 years.

To the best of our knowledge, no research studies on
scenario-based assessment for evaluating content-sharing
technologies in tandem with end-users, contents, and their
interactions exist in the literature [38].

Research Goal
The focus of the evaluation methodology was to define the
extent to which the informational needs of the mEducator target
users were covered and if the schema supported content
searching, retrieval, and sharing from an end-user perspective.
For example, the construct “metadata accuracy” was
operationalized to address the users’ notion of whether the
metadata are understandable, whether and how they cover the
informational needs of the mEducator target group, and how
they function to retrieve relevant content. The term “accuracy”
is therefore referred to in this study in its broader sense of
general adequacy for the target users’ needs, rather than in the
more technical acceptance of the term, often used in the
literature, to indicate whether in any digital collection the
metadata are filled with accurate/precise information with
respect to the digital object they refer to.

The research goals of our study were to assess (1) how the
metadata schema developed by mEducator addresses the
informational needs of end-users in the process of medical
content searching, (2) how the metadata schema developed by
mEducator supports the process of content sharing, (3) the
overall usability of the schema as implemented in the
mEducator3.0 MELINA+ system, and (4) the overall user
acceptance of this particular mEducator system.

The evaluation relates to the medical domain in three main
ways: (1) some fields of the metadata schema refer to the
medical/health domain and thus are very specific, (2) the testing
scenarios used in the evaluations are largely dominated by
medical/health-related cases in which the aforementioned
medical-domain–related metadata are involved, and (3) the
whole evaluation context was medical, in the sense that
participants were either medical students (undergraduate or
post-graduate) or health professionals. So in this study, (1)
medical-domain specific metadata were defined and used, (2)
medical-domain–related scenarios were constructed and used,
and (3) all participants were from the medical domain.

Methods

Scenario-Based Evaluation Context
A number of assessment methods, including scenario-based
assessment for usability testing complemented with data from
online questionnaires and field notes, were designed and used
to evaluate the different instantiations of the mEducator
solutions. Overall, the evaluation effort in mEducator addressed
two main levels: (1) the system perspective, that is, technical
evaluation, based on functional requirements, and (2) the usage
perspective, that is, scenario-based evaluation. Both were carried
out with a focus on quality of service and user experience. The
scenario-based evaluation across user groups was decided with
a special emphasis on the user testing stage. A framework for
integrated scenario-based and quality of service evaluation was
developed (Figure 2). The overall evaluation framework for the
mEducator system was divided into technical evaluation, which
was based on functional requirements, and scenario-based
evaluation, which is the focus of this study.

As Figure 2 shows, “scenario-based evaluation” was developed
for the individual “users” and “institutions” but also addressed
technical issues, always taking into consideration the target
users’ (“teachers”, “students”, and “doctors”) roles as
“contributors” or “consumers” of medical educational material
in the mEducator system (Figure 2). Case studies examining
issues of pedagogy and adoptability in individual institutions,
as well as technical issues of LCMS integration and repository
characteristics, which are shown in Figure 2, are beyond the
scope of this paper. It is important to note that different data
sources and methods were used for the different levels of the
evaluation. For example, in the scope of the overall study,
interviews, observational case studies, screenshot capturing,
and automated tracking of activity were implemented, primarily
in the initial stage of the project to inform and evaluate the first
prototypes of the mEducator system.

Scenario-based evaluation allowed the examination of key areas
of the metadata schema, such as the following: (1) capability
to embrace all types of medical learning resources, (2) capability
to account for content repurposing, and (3) handling copyright
licenses, especially of the parent resource during repurposing.

Evaluation workshops, referred to as case studies in this paper,
were organized and run at various mEducator partners’ sites.
This paper focuses on the analysis of four such case studies,
through which the mEducator evaluation framework was
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applied. These case studies were conducted between August
31, 2011, and April 7, 2012, and they focused on one mEducator
instantiation, MELINA+, which provided options to users to
explore a large collection of educational objects, create their
own educational object including a full metadata description,
and collaborate with other members of the community.

More specifically, MELINA+, which stands for MEdical
Education LINnked Arena, is a CMS for medical educational
resources, based on Drupal 7, an open source content
management system. MELINA+ has been developed to allow
resources to be created, uploaded, described, shared, and
searched over the semantic Web in different ways. It exploits
SPARQL queries using the Drupal SPARQL endpoint
functionality. Multiple endpoints (internal and external) could
be added in SPARQL registry and queried. It supports the
creation and description of learning resources, user
registration/authentication, advanced search capabilities, a
commenting/rating/bookmarking system, blogs, and posts. Its
advanced features include core RDF support, embedded
SPARQL endpoint, DBpedia spotlight annotation, social
learning collaboration, quality process control for learning
resources, and single sign-on via WEBID module. Figure 3
shows the interface of MELINA+, specifically users’ options
to “explore”, “create”, and “collaborate”.

Evaluation sessions started with a demonstration of the
mEducator system conducted by a facilitator. It is important to

clarify that scenario-based evaluation involves a facilitator that
guides participants, especially when the latter are not familiar
with a particular system, and as such it is a method typically
applied in structured training and evaluation sessions. In the
four case studies described in this paper, a facilitator and 2
research assistants were present to guide participants and also
to take field notes based on their observations concerning the
points where the target users faced difficulties or expressed
doubts. Research assistants were instructed to take note of
explicit requests for clarification when these were made by
participants and also to take notes of the context in which the
users seemed to be stuck or puzzled while performing each
scenario.

In the context of scenario-based evaluation, participants typically
created a learning resource, for example a presentation outlining
the aims and results of a medical paper, complemented with
educational information, such as educational objectives, target
audience, and expected learning outcomes.

Participants had access to a number of different types of learning
content in mEducator, in different languages, including text,
multimedia slide presentations, images, videos, interactive
learning environments, wikis, sketch graphical annotations,
virtual patients, websites, animations, audio files, 3D models,
and eBooks, all in the medical domain. Each case study included
three scenarios, as described below.

Figure 2. Overview of the evaluation framework developed for the mEducator system, dividing evaluation into technical evaluation and scenario-based
evaluation.
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Figure 3. Screenshot of the interface of mEducator3.0 MELINA+ instantiation.

Scenario 1: Creating an Educational Medical Resource
and Its Metadata
The first scenario referred to the creation of an educational
resource in MELINA+ (Figure 3, “Create”). Participants created

a new account, logged into the system, uploaded a learning
resource, entered and saved the appropriate metadata for the
resource, and visualized the entered metadata in the system.
Before they were in a position to evaluate MELINA+, they had
to create an educational resource in mEducator3.0 MELINA+
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and familiarize themselves with the medical educational resource
creation processes. The role of the facilitator in Scenario 1 was
to (1) explain the basic functionalities involved in medical
educational resource creation, (2) explain the notion of metadata,
especially those describing the resource in medical terms, and
(3) help users appreciate the notion of the IPR metadata used
for describing medical educational resources when it comes to
sharing and repurposing medical content, even for educational
uses.

Scenario 2: Searching for a Medical Educational
Resource
The second scenario referred to the process of searching for a
resource in MELINA+ (Figure 3, “Explore”). Before they were
in a position to evaluate MELINA+, participants were expected
to specify the search attributes, perform the search, and analyze
the obtained results. The aim of Scenario 2 was to familiarize
users with the searching of resources in mEducator3.0
MELINA+. The role of the facilitator in Scenario 2 was to (1)
demonstrate to medical users how to search for educational
resources in comparison to simple search engines, (2) explain
the role of search attributes, and (3) help medical users
appreciate notions of metadata used for describing the medical
resource (and its subsequent sharing with other medical users).

Scenario 3: Repurposing and Specifying Intellectual
Property Rights Attributes for Sharing Medical
Resources
The third scenario referred to repurposing a resource and
treating the IPR aspects of it (Figure 3, “Collaborate”). It is
important to note that, by the third scenario, participants have
already encountered the notion of IPR, as clearing IPR is
compulsory in creating and sharing a resource. Before they were
in a position to evaluate MELINA+, participants were expected
to understand the notion of IPR and creative commons, specify
the IPR metadata and attributes for their own resources, perform
some kind of repurposing, correctly fill in repurposed resources,
and analyze the obtained results. The role of the facilitator in
Scenario 3 was to (1) help medical users familiarize themselves
with the aspects of medical resource repurposing in
mEducator3.0 MELINA+, (2) help medical users familiarize
themselves with the notion of utilizing/exploiting metadata to
link resources in an hierarchic way suitable for sharing in the
medical education domain, and (3) explain to medical users the
basic notion of repurposing in practice and its importance in
medical education.

It is important to note that too few of the participants were able
to complete the third scenario that referred to repurposing with
regard to sharing within the allocated time. Therefore, this study
focused primarily on creating, searching, and retrieving medical
educational resources. Another important note is that the concept
of repurposing is mostly of interest to professors and medical
professionals, rather than to medical students, who constituted
the majority of the participants in this study.

At the end of their interaction with MELINA+, participants
completed two evaluation instruments, which are described in
detail in the next section. Participants also completed two

open-ended questions, which focused on the perceived system’s
strengths and weaknesses.

Participants
Overall, there were 126 respondents who evaluated the
mEducator3.0 instantiation MELINA+. The majority of these
respondents (77.8%) were undergraduate students, followed by
8.7% of graduate students, 6.3% of postgraduates, 4% of medical
professionals, and 3.2% of professors.

Instruments
Two main instruments were used as data sources for the
mEducator evaluation framework: (1) the “System Usability
Scale (SUS) questionnaire” and (2) the “Questionnaire on the
metadata and search process”. The first instrument was primarily
used to assess the overall usability of the system in absolute
terms. The second instrument was primarily used to document
(1) the extent to which the metadata schema developed by
mEducator addresses the end-users’ informational needs in the
process of medical content searching and (2) the extent to which
the metadata schema developed by mEducator supports the
process of content sharing. Both instruments were completed
online in the form of an online anonymous survey.

Moreover, another source of data referred to the facilitator’s
and research assistants’ field notes during the MELINA+
evaluation sessions, which documented cases where users
expressed doubts or faced difficulties during the execution of
the scenarios. These field notes were primarily used as a
complementary source of data for triangulation purposes and
also to help derive recommendations for the improvement of
the system, based on the users’ input. The analysis of the first
two data sources, the two instruments, includes (1) quantitative
results from the completion of online surveys, and (2) qualitative
results of open-ended questions in these surveys.

The System Usability Scale Questionnaire
The System Usability Scale (SUS) questionnaire (see
Multimedia Appendix 1 for full instrument) provides a
well-known, widely used, and standardized quantifiable measure
for the usability of systems, which is provided in the form of
an absolute scale that allows comparisons between systems.
Selecting a standardized method that would allow the evaluation
and comparison of the different instantiations of mEducator
was a critical factor that had to be considered during the
mEducator project.

The SUS questionnaire consists of 10 questions alternating in
positive and negative phrasing to remove any bias arising from
the phrasing of questions [39]. Each question is answered on a
Likert scale from 1 (strongly disagree) to 5 (strongly agree). An
advantage of the SUS questionnaire is that it produces a
standardized score ranging from 0-100 that can be used to
compare the usability of systems directly [40].

With regard to how the results of the SUS are analyzed, this
instrument yields a single number representing a composite
measure of the overall usability of the system being studied.
Scores for individual items are not meaningful on their own.
The procedure followed for scoring the SUS questionnaire and
the results was the following: for odd questions, 1 was subtracted
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from the user response, and for even-numbered questions, the
user response was subtracted from 5. This scales all values from
0-4 (with 4 being the most positive response). The converted
responses were added up for each user and the total was
multiplied by 2.5. This converted the range of possible values
from 0-100 instead of 0-40.

Questionnaire on the Metadata and Search Process
The second instrument consisted of 16 questions that focused
on the metadata and search process evaluation (see Multimedia
Appendix 2 for full instrument). These questions examined
metadata (Q2-4), the usefulness and relevance of retrieved
content (Q1, Q5-8, Q15-16), latency and difficulty level of
searches (Q9, Q12-14), IPR (Q11), and open sources (Q10).

Each question was answered on a Likert scale from 1 (strongly
disagree) to 5 (strongly agree). The questionnaire, which was
administered in an online format, was followed by two
open-ended questions: (1) What are the positive and negative
aspects of the system for searching and finding content?, and

(2) What advantages and disadvantages do you perceive of a
portal with international content?

Results

This section presents the results of the evaluation of the metadata
schema and the overall usability of the system, as well as how
this was perceived and accepted by users. The section starts
with the results of the administration of the SUS and of the
questionnaire on the metadata and search process. Following,
a subset of the questions from the questionnaire is mapped into
the International Federation of Library Associations and
Institutions (IFLA) Framework [41], for an aggregated analysis.
We then present the results of the analysis of the two open-ended
questions.

Administration of the System Usability Scale
Table 1 presents the results of the evaluation using the SUS
instrument from four different case studies that took place in
four different countries (ie, Greece, Cyprus, Bulgaria, and
Romania) between August 31, 2011, and April 7, 2012.

Table 1. SUS scores for the mEducator3.0 MELINA+ instantiation in four case studies.

% SUS score for mEducator3.0/MELI-
NA+

Group size/ProfileEvaluation as part of:Evaluation place

56.625 medical professionals, stu-
dents

The e-Education and e-Science International Conference
in Plovdiv October 5/6, 2011

Plovdiv, Bulgaria

62.815 medical studentsAn organized mEducator project eventBucharest, Roma-
nia

62.135 postgraduate students tak-
ing an eHealth course

An eHealth graduate class on November 11, 2011Nicosia, Cyprus

64.751 undergraduate medical
students

The Medical Education Informatics International Con-
ference and Spring School on “Medical Education
Content Sharing Technologies” on April 6/7, 2012

Thessaloniki,
Greece

Figure 4 shows how the SUS scores from the four case studies
of the evaluation of MELINA+ are mapped on the SUS curve.
Figure 4 shows that there is a progressive change of the overall
system category from category D to C, over time, in the SUS

score of the four case studies, starting from 56.6 in the first
evaluation of MELINA+ in Bulgaria (category D) and reaching
64.7 in the fourth evaluation of mEducator MELINA+ in Greece
(category C).

Figure 4. SUS scores of the four case studies of evaluation of mEducator 3.0 MELINA+ on the SUS curve.
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Administration of the Questionnaire on the Metadata
and Search Process
Results of this questionnaire constitute useful input for the
analysis of the metadata accuracy to support the mEducator3.0
solution. It is important to note that the respondents’ level of
expertise varied as it ranged from undergraduate students to

medical professionals and professors (see Participants section).
However, the results of the different groups (eg, students as
opposed to professors or medical professionals) did not differ
substantially to justify the presentation of results per group of
users. Therefore, results are presented for all participants in
Table 2.

Table 2. Results for the evaluation of the metadata and search process (N=126).

Strongly
agree, %

Agree, %Neutral, %Disagree, %Strongly
disagree, %

NQuestionCategory examined

4.88.725.453.27.9126Q2. The metadata is not understandable1. Metadata

3.216.938.739.51.6124Q3. The amount of presented metadata is excessive

012.133.948.45.6124Q4. The amount of presented metadata is insufficient

7.261.6247.20125Q1. The presented metadata helps me in revising the
search or annotation terms

2. Retrieved con-
tent usefulness and
relevance

22.555.817.51.72.5120Q5. I found useful content as outcome of my
searches

8.752.232.27.00115Q6. The amount of retrieved relevant content was
adequate to my information needs

5.951.732.29.30.8118Q7. The information immediately presented helps
me assess the relevance of the resource

6.947.433.612.10116Q8. I need to inspect the learning resource to assess
its relevance

1446.528.18.82.6114Q15. I found interesting content outside the scope of
my specific search

30.149.614.64.11.6123Q16. I would recommend the system to my col-
leagues

20.363.614.40.80.8118Q9. The search results were obtained quickly3. Latency and dif-
ficulty level of
searches 9.657.424.37.80.9115Q12. The advanced search form is easy to understand

0.816.142.436.44.2118Q13. It is distracting to have international content
listed in the results

12.246.330.18.92.4123Q14. It was easy to inspect/download the (retrieved)
learning resource

4.953.734.15.71.6123Q10. I could easily assess if the resource is open to
use

4. Assessing open
sources

4.120.341.534.10123Q11. It was difficult to understand the IPR of the re-
sources

5. IPR

For the part of the questionnaire examining metadata (three
questions), data analysis showed that in general more than half
of participants agreed or strongly agreed that the metadata were
understandable (17/126, 61.1%) and that the amount of metadata
was sufficient (67/124, 54%).

With regard to the second category, the usefulness and relevance
of retrieved content (seven questions), more than half of
participants agreed or strongly agreed that the content they
retrieved as an outcome of their searches was useful (94/120,
78.3%), adequate for their information needs (70/115, 60.9%),
relevant (68/118, 57.6%), interesting (69/114, 60.5%), and also
helped them in revising their searches (86/125, 68.8%). It is
also important to note that a greater percentage, almost 79.7%
(98/123) of participants, would recommend the system to their
colleagues.

The third category referred to the latency and difficulty level of
searches (four questions). The majority of participants agreed
or strongly agreed that the search results were obtained quickly
(99/118, 83.9%), the advanced search form was easy to
understand (77/115, 67%), and that it was easy to download the
retrieved learning resource (72/123, 58.5%). Last, more than
half of participants agreed or strongly agreed that they could
easily assess whether the learning resource was open to use
(72/123, 58.5%). It must be noted that this aspect of the system
was explicitly included in the questions because mEducator
needed an instrument capable of registering any difference in
performance of the various instantiations, given the different
technologies (mashups and semantic searches) that were
underlying the two classes of mEducator solutions.

The participants’ response to a small number of questions was
ambiguous and therefore difficult to interpret. What was
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problematic in the findings was that in some questions (Q3, Q4,
Q7, Q8, Q10, Q11, Q13), typically one in three participants was
neutral and did not express an opinion. For example, with regard
to whether metadata was excessive (Question 3), more than one
third of participants (48/124, 38.7%) were neutral, while one
fifth of them (25/124, 20.1%) agreed with the statement. It is
possible that in this case, participants were uncertain of what
the concept of “excessive metadata” meant.

One important issue that needs to be understandable by the user
is the IPR license that has been assigned to the resource. The
results of Q11 (“It was difficult to understand the IPR of the
resources”), although overall positive, also provide an indication
of confusion among users with respect to the term IPR. The
majority of participants either disagreed (42/123, 34.1%) or
were neutral (51/123, 41.5%) with respect to this question.
Neutral responses can be interpreted in a number of ways. They
might mean that users are uncertain of their answer. If the results
are analyzed from this point of view, then the implication is
that the presentation of IPR metadata needs to be improved.
Regarding the evaluation of the IPR schema of the repurposed
content, it can be analyzed from two different perspectives. The
first one refers to the case where the to-be-repurposed resource
is already published in the system, and the second one refers to
the case where the to-be-repurposed resource is an external one.
According to the first one, the mEducator schema successfully
takes care of the licensing of the to-be-repurposed resource
because every resource that is already in the system has a
license. However, regarding the second case, the IPR license
of the external resource is currently implemented in mEducator
platforms but not in the schema. More specifically, there is no
IPR-related field in the schema about the repurposed resource
when this is an external one to the system. This latter situation
is handled by the platform by requiring the user to tick a box,
thus giving assurance that the user is authorized to make use of
the learning resource. However, this information is not saved
in the metadata.

The next section presents a more aggregated analysis, which is
based on groups of questions mapped into a general reference
model for bibliographic metadata.

Mapping the Online Survey into the International
Federation of Library Associations and Institutions
Framework: Aggregated Analysis
For convenience of interpretation, a subset of the questions from
the online metadata accuracy survey was mapped into the IFLA
Framework, namely the Functional Requirement for
Bibliographic Record (FRBR) Framework [41]. The components
of IFLA are (1) find, (2) identify, (3) select, and (4) obtain.
Specific usability measures apply to these four generic tasks.
Precision and helpfulness are important usability measures for
the task of finding information. Ease of understanding,
information adequacy, error rate, and information accuracy are
important for both identifying and selecting information.
Physical item accessibility is important for obtaining
information. In this section, the responses to this subset of
questions are analyzed, following the FRBR framework
structure.

Find: Can a User Enter a Search and Retrieve Records
Relevant to the Search?
By embedding the online metadata questionnaire into the IFLA
Framework, the questions that were mapped under this stage
of the IFLA framework are 5 and 6. Question 5 is “I found
useful content as an outcome of my searches” and Question 6
is “The amount of retrieved relevant content was adequate to
my information needs”.

The results depicted in Figure 5 are based on a sample of 120
questionnaires and show whether a user can search and retrieve
records relevant to the search. At first glance, it can easily be
seen that 70.0% (84/120) of evaluators were satisfied regarding
the retrieval of resources based on their needs. Not insignificant
is the sum of neutral and negative results, which is 30.0% (25%
+5%). Thus, approximately one third of evaluators (36/120)
have either a negative or a neutral opinion on this.

Question 9, “The search results were obtained quickly”, is also
related to this IFLA stage because it investigates the speed with
which results are retrieved. The average value of Question 9
was 4.01 and shows a predominantly positive attitude toward
speed of retrieval, suggesting that there were no unacceptable
delays during the retrieval of resources.

Figure 5. Users' responses mapped to the IFLA-Find requirement.
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Identify: Once the User Retrieves a Record, Can They
Successfully Interpret the Information in the Record to
Know Whether the Source Information Will Be Relevant
to their Needs?
The results of this section are informative, as they show to what
extent the metadata are presented in a user-friendly way to the
end-users and if they make sense to them, so that they are able
to assess the suitability of metadata to their needs. The questions
of the online metadata survey that were analyzed at this stage
are Question 1: “The presented metadata helps me in revising
the search or annotation terms”, Question 2: “The metadata is
not understandable”, Question 4: “The amount of presented
metadata is insufficient”, Question 7: “The information
immediately presented helps me assess the relevance of the
resource”, Question 10: “I could easily assess if the resource is
open to use”, and Question 11: “It was difficult to understand
the IPR of the resources”.

Figure 6 shows that 45.8% (55/120) of participants agree that
they can interpret the retrieved information and can understand
if it meets their needs or not. The remaining 54.2% (65/120)
express a neutral to negative attitude. These results are not
satisfactory and indicate that the meaning of metadata is not
sufficiently clear to the evaluators.

Independent from the analysis of the questions above (1, 2, 4,
7, 10, 11), another question from the online metadata accuracy
survey that is related to the current stage of IFLA is Question
3. It is worth looking at the average value of Question 3 because
this metric shows the length of the metadata, which indirectly
affects the ability of the learner to interpret the metadata. More
specifically, the average value of Question 3, “The amount of
presented metadata is excessive”, is 2.8. That means that most
people disagree that the amount of metadata is excessive. This
is a positive remark because it encourages them to further
investigate and look at the resource, so they can interpret it
better.

Figure 6. Users' responses mapped to the IFLA-Identify requirement.

Select: Can the User Compare the Information in
Multiple Records and Determine the Most Relevant
Record?
At this IFLA stage, whether the relevance of a resource can be
easily determined from a list with multiple records is checked.
Question 13, “It is distracting to have international content listed
in the results”, addresses this issue. Responses to Question 13
are summarized in Figure 7.

The analysis was based on the multilinguality parameter. Figure
7 shows that 40.0% (48/120) of evaluators are positive, meaning

that they disagree that it is distracting to have international
content listed in the results. However, the greatest percentage
of participants (51/120, 42.5%) falls into the “neutral” category,
which suggests that they have either not understood the question
or do not have an opinion. Additionally, 16.7% (20/120) are
negative, meaning that they agree that the multilingual content
is distracting. By combining the high percentage of neutral
responses with the percentage of participants who agreed with
the statement (24/120, 20.0%), we come up with a high
percentage of evaluators (72/120, 60.0%) that cannot possibly
determine the most relevant record among multiple ones.
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Figure 7. Users' responses mapped to the IFLA-Select requirement.

Obtain: Can the User Successfully Obtain the Original
Artefacts, Based on the Information Provided in the
Source Information?
In order to ascertain users’ satisfaction regarding the
accessibility of the original artifact, Question 14, which is “It
was easy to inspect/download the retrieved learning resource”,

was analyzed. Responses to Question 14 are summarized in
Figure 8, which shows that 59.2% (71/120) of those questioned
found it easy to download the retrieved learning resource.
Although more than half of the respondents replied positively,
the percentage of all the rest, 40.8% (49/120), is still important
and should be considered.

Figure 8. Users' responses mapped to the IFLA-Obtain requirement.

Users’ Input on the Strengths and Weaknesses of the
mEducator Concept
The two open-ended questions proposed at the end of the survey
aimed at eliciting an overall assessment from the user of the
strengths and weaknesses of the mEducator concept mostly in
relation to its overall usability and value. The two open-ended
questions were (1) What are the positive and negative aspects
of the system for searching and finding content?, and (2) What

advantages and disadvantages do you perceive of a portal with
multilingual content?

As a first step, the content of the participants’ answers to these
two questions was analyzed for concept identification. As a
second step, similar concepts with different wording were
grouped into more comprehensive concepts, categorized as
strengths and weaknesses. Each response was tested and
re-tested for the associated concepts. Table 3 shows the details
of these findings.
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Table 3. Content analysis of open responses to the online survey indicating strengths and weaknesses of the mEducator system.

CountIssue/Question

12Awareness of international standards in digital medical educationStrengths

12Overall, easy to use even without specific knowledge

11Linking with colleagues, fostering collaboration, peer reviewing

11Varied, interesting, up-to date content, from different providers

5Supports evaluation of scientific topic from different perspectives

3Easy access, worldwide

3Narrow down concepts through advanced search

3Can publish my own content, contribute/search in any language

2Specificity of information, as opposed to other search platforms

2Usefulness of subject profile for finding content

2Good concept

1Detailed info on terminology

1Is in English

14Slow searchWeaknesses

11Need for translation

9Not user-friendly, difficult to use at the beginning

7Technical jargon, specific knowledge required

7Little variety, not enough, or irrelevant content

6Complex search form, issues with filtering

6Navigational/presentation issues

5Difficult to understand all content, when in foreign language

4Distributed semantic search difficult to understand

3Some items could not be accessed

3Some bugs

3No language support

2Most articles in English

The open responses provided an interesting overview of the
aspects that the users spontaneously highlighted as most valuable
to them. Among the strengths, the opportunities to be aware of
multilingual perspectives and activities on the same topic, such
as peer collaboration for research and publications purposes,
were highlighted as important by users. Less frequently
mentioned was the opportunity to publish own materials and
the specificity of the content in the platform. Among the
perceived weaknesses, recurrent themes were the slowness of
the distributed search, the technical terminology that was
difficult for users to understand, and the need for translation.
Users’ suggestions for the improvement of the mEducator
system included developing a special edition of the mEducator
platform to be accessed only by students, keeping the interface
as simple as possible (eg, like Google), protecting against
irrelevant data, providing more flexible filters for languages,
and prioritizing search parameters.

Discussion

Principal Findings
This study has described how a scenario-based evaluation
framework has been applied to one instantiation of the
mEducator BPN (ie, mEducator3.0, MELINA+) for searching
and sharing medical educational content and has presented the
results of the assessment of the metadata schema used in the
system and its usability and acceptance by users. The main
findings of the study are that (1) the informational needs of the
mEducator target groups were addressed to a satisfactory extent
with regard to the process of medical content searching and
sharing, (2) the metadata schema supported searching for,
retrieving, and sharing of content from an end-user perspective,
and (3) the overall usability of the mEducator3.0 MELINA+
system was acceptable based on the results of the SUS scores
from 126 participants. Also, the study pointed out that, among
the various possibilities offered by the mEducator approach to
content sharing and repurposing, target users valued being aware
of international standards and being able to benchmark the
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resources used in other educational programs, and also being
able to link with resources of their peers. In accordance with
previous research [22-24], this study adopted a user-centered
approach. However, one important aspect that differentiates this
study from previous studies is that in the case of mEducator,
completion of metadata is not performed by professional
indexers [16] but is largely delegated to end-users and content
providers. This is challenging because of difficulties in achieving
a shared understanding of the meaning of the metadata fields.
The results of this study confirmed that the meaning of metadata
was not sufficiently clear to some evaluators. As reported in
the facilitator’s and research assistants’ field notes, some specific
examples where the meaning of metadata was unclear refer to
descriptions of technical terms, such as “identifiers”, “quality
stamp”, “URI”, “URL”, “ISSN”, “ISBN”, “platform users”, and
“external users”, to name a few. Moreover, a rather high
percentage of evaluators could not determine the most relevant
record among multiple ones, and this could have been a result
of the multilingual parameter of the system. Finally, another
weakness that was documented referred to users’ lack of
knowledge about IPR issues, which are very important in
repurposing content in medical education.

In the next section, implications for the evaluation of the
processes of searching, retrieving, and sharing of data are drawn
by addressing issues of content description metadata, content
description procedures, and IPR for repurposed content, in the
form of recommendations and lessons learned.

Recommendations and Lessons Learned From the
Scenario-Based Evaluation
The scenario-based evaluation provided us with a broad and
contextualized view on the user experience related to mEducator
services. Repurposing and re-use of medical educational
resources is becoming vital in the current economy as many of
these resources are costly to produce. Systems for locating
suitable medical or other content need to be improved to allow
this to happen, therefore recommendations in this respect are
proposed in this paper. Even though in this study, (1)
medical-domain specific metadata were defined and used, (2)
medical-domain–related scenarios were constructed and used,
and (3) all participants were related with the medical domain,
these recommendations not only apply to systems of medical
education whose aim is to facilitate sharing of medical content
but also apply to different systems of searching for and sharing
content.

Designers of systems of searching for, retrieving, and sharing
medical content should:

• emphasize ease of use, by referring to the most current best
practices of usability and benchmarking their service with
widely used tools (eg, Google or YouTube) and their
prevailing conventions of use while simultaneously
acknowledging the need for functionalities validating
scientific content

• aim for smooth and effective use, by making sure the
technology used does not interrupt or slow down the
workflow or for example, the progressive search process

• provide support for finding and retrieving content by
introducing an extensive schema in a prioritized order with
the most critical metadata in front

• provide support for indexing content, that is, creating
high-quality metadata, by using for example, suggestions
and hints as well as dynamic, responsive annotation forms
when dealing with an extensive, complex schema

• base the user interaction on the expected concepts that are
familiar to the user, by simplifying the novel terminology
and/or using a vocabulary with clear descriptions of
technical terms (such as IPR, identifiers, quality stamp,
URI, URL, ISSN, ISBN)

• support multilinguality in terms of the user experience as
well as of content

• highlight the advantages, that is, the added value from using
the system, for example, by offering explicit information
on the type of multilingual content and system functionality
available

• allow inputting metadata in various formats, especially
regarding licenses or identifiers that are not compliant with
users’ content or are not familiar to them

• support community creation, that is, sharing contacts and
content with other medical professionals, students, general
practitioners, etc (this is a characteristic of mEducator and
is a feature not offered by similar systems)

Based on the findings of this study, we can make several
recommendations on how to improve the search, retrieval,
identification, and gathering of medical resources based on the
provided metadata. These recommendations not only relate to
the mEducator metadata but apply to any platform that processes
medical or other types of metadata to retrieve educational
resources. The first recommendation is to include the option of
an “advanced search”. This is expected to facilitate managing
retrieved results. The second recommendation is to allow
different orderings of the retrieved results, for example, based
on type of resource or author name. This is expected to facilitate
the identification of relevant resources from among the
potentially huge amount of retrieved results/records. A third
recommendation is to list search terms under the results. An
example would be the display of a message such as “Your search
for this keyword resulted in x number of results”. This feedback
will enable the user to have a general idea of the quantity of
retrieved results for a specific keyword or combination of
keywords. Last, assessing the relevance of a resource to the
user’s needs before inspection can be improved in a number of
different ways. One of these ways refers to the use of icons next
to the list of results or also in the metadata page that could
inform the users before they view the resource, that it is an
“open resource” (ie, easily/freely accessible) or a resource that
requires a login. Another way refers to the use of a “dashboard”
in the results page, to display useful information, such as how
many times the resource has been downloaded. Last, the
interpretation of metadata can be improved by a thumbnail of
the actual resource that should be made available while viewing
the metadata.

With respect to IPR clearance, the most sensible
recommendation is to devote some effort to educating the user
about the options available through creative commons licensing
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and easing the process of obtaining it, for example through the
implementation of a step-wise process to guide the user in
obtaining IPR clearance.

The users of the mEducator who want to share their content
will have to specify how other users will be entitled to use it.
Some recommendations derived from the evaluation efforts are
the following: a better explanation of the meaning of the IPR
abbreviation and options should be provided, an automated
mechanism should be provided to check the validity of the IPR
and prevent the user from providing any resource’s link as long
as the IPR had not been provided, and a policy should also be
defined on how to deal with contents from external repositories
for which the IPR clearance is unknown.

With regard to how the system has been adopted by the
e-learning and medical community since 2011-2012 when the
evaluations reported in this paper took place, it is important to
note that one of the main objectives of the mEducator project
was to establish standards. To this extent, the strategic decision
of the consortium was to link and be involved with the activities
of the Medbiquitous Consortium, an Organization producing
standards for digital health education. Several fields of the
mEducator schema have already been incorporated as extensions
in the current process of revision of the Healthcare Learning
Object Metadata (LOM) standard towards version 2.0, by the
Technical Committees and LOM Working Group of
Medbiquitous. Finally, it is important to mention that the
mEducator3.0 MELINA+ system is under routine use in some
partner organizations, but it has also been installed and trialed
in other associate partners, health organizations, and IT facilities.
For example, the Institute for the Study of Urological diseases
is one of those using the mEducator Melina+ system.

Limitations
There were several limitations in this study, specifically, the
accuracy of metadata in the stricter sense. We did not address
if the metadata actually describes the educational resource that
it refers to. The limited time that participants could voluntarily
devote to the evaluation of mEducator as part of the different
workshops, conferences, and evaluation events that were
organized prohibited the use of controlled, experimental
usability conditions and allowed for the administration of only
two evaluation instruments and the documentation of users’
difficulties through field notes. The first one of these evaluation
instruments, the SUS, although generic, is a standardized
instrument that was used to evaluate the mEducator3.0
MELINA+ overall usability in absolute terms, so that it can be
comparable to other instantiations of the system. The second
instrument was customized to address the needs of the study.
Moreover, field notes taken during the evaluation sessions were
used as an additional data source for triangulation purposes.

It is important to note that additional evaluation methods have
been implemented in the scope of the overall study, including
interviews, observational case studies, screenshot capturing,
and automated tracking of activity in the different evaluation
events organized by mEducator. However, these evaluation
events provided space for informing initial designs and obtaining

user preferences and user attitudes. The results from these
different data sources were mainly used to inform the first
prototype of the mEducator system in the initial stage of the
project and are not reported in this study. However, final
evaluations reported in this study were aiming towards more
specific and important goals such as the elicitation of
recommendations to the medical community.

Conclusion
The mEducator solutions (mEducator2.0 and mEducator3.0)
are part of a family of tools. These tools aim to gather structured
data according to the same metadata schema. The functionalities
of these tools allow users maximum control over the search
process, access to detailed but understandable results in order
to know very quickly if the retrieved information is linked to
content that is accessible or not, and the ability to browse the
information in an efficient manner even if they are not entirely
sure what they are looking for.

When using the mEducator services, the users’ main objective
is to find the resources they need in the most efficient manner.
Facilitating and guiding query formulation is one of the major
objectives of the mEducator tools. It is important to note that
while most general purpose Web search engines deal mostly
with unstructured data (and a small amount of structured data),
mEducator contains almost exclusively data compliant with the
mEducator metadata schema, which greatly simplifies the
process of guidance in query formulation.

The different instantiations of mEducator offer somewhat
different search options. Where mEducator2.0 searches only
for content, the mEducator3.0 systems also allow searching for
members, and some of them (eg, MetaMorphosis+ and
MELINA+) allow searching for more detailed types of content
such as exercises, simulations, presentations, or virtual patients.
They even allow some control over the presentation or sorting
of results. An important option the systems share is the option
to select resource language.

The goal of this study was to implement a scenario-based
evaluation methodology framework of one instantiation of the
mEducator BPN (mEducator3.0/MELINA+) to assess both the
metadata schema used as well as the system’s overall usability
and acceptance by users. The study defined the extent to which
the informational needs of the mEducator target users were
covered and demonstrated that the metadata schema
implemented in the MELINA+ instantiation of the mEducator3.0
solution supported the searching, retrieval, and sharing of
content from an end-user perspective. The study is original from
a methodological point of view in that it implemented
scenario-based assessment for evaluating content-sharing
technologies including the interactions between end-users,
content, and technology. The recommendations and lessons
learned (derived with respect to content description metadata,
content description procedures, and IPRs for repurposed
content), the whole framework, and the results of the evaluation
impact researchers, medical professionals, or other groups
interested in using similar systems for educational content
sharing in other domains.
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