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Abstract

Background: With the growing scientific appeal of e-epidemiology, concernsariseregarding validity and reliability of Web-based
self-reported data.

Objective: The objectives of the present study were to assessthe validity of Web-based self-reported weight, height, and resulting
body massindex (BMI) compared with standardized clinical measurements and to eval uate the concordance between Web-based
self-reported anthropometrics and face-to-face declarations.

Methods. A total of 2513 participants of the NutriNet-Santé study in France compl eted a\Web-based anthropometric questionnaire
3 daysbeforeaclinical examination (validation sample) of whom 815 parti cipants al so responded to aface-to-face anthropometric
interview (concordance sample). Severa indicators were computed to compare data: paired t test of the difference, intraclass
correlation coefficient (ICC), and Bland-Altman limits of agreement for weight, height, and BMI as continuous variables; and
kappa statistics and percent agreement for validity, sensitivity, and specificity of BMI categories (normal, overweight, obese).

Results: Compared with clinical data, validity was high with ICC ranging from 0.94 for height to 0.99 for weight. BMI
classification was correct in 93% of cases; kappa was 0.89. Of 2513 participants, 23.5% were classified overweight (BM1>25)
with Web-based self-report vs 25.7% with measured data, leading to a sensitivity of 88% and a specificity of 99%. For obesity,
9.1% vs 10.7% were classified obese (BM1>30), respectively, leading to sensitivity and specificity of 83% and 100%. However,
the Web-based self-report exhibited slight underreporting of weight and overreporting of height leading to significant underreporting

of BMI (P<.05) for both men and women: —0.32 kg/m? (SD 0.66) and —0.34 kg/m? (SD 1.67), respectively. Mean BMI
underreporting was —0.16, —0.36, and —0.63 kg/m? in the normal, overweight, and obese categories, respectively. Almost perfect

agreement (ie, concordance) was observed between Web-based and face-to-face report (ICC ranged from 0.96 to 1.00, classification
agreement was 98.5%, and kappa 0.97).

Conclusions. Web-based self-reported weight and height data from the NutriNet-Santé study can be considered as valid enough
to be used when studying associations of nutritional factors with anthropometrics and health outcomes. Although self-reported
anthropometrics are inherently prone to biases, the magnitude of such biases can be considered comparable to face-to-face
interview. Web-based self-reported data appear to be an accurate and useful tool to assess anthropometric data.

(J Med Internet Res 2013;15(8):€152) doi:10.2196/jmir.2575
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Introduction

Overweight and obesity have reached pandemic proportions
and it is considered as one of the major public health issues by
the World Health Organization (WHO) [1-3]. Excess body
weightisamajor risk factor of various chronic conditions, such
as hypertension, type 2 diabetes, cardiovascular diseases, and
some cancers [4].

Body mass index (BMI), defined as weight (kg) divided by
squared height (m?), is highly correlated to excess fat mass. It
iscommonly used to classify overweight and obesity in adults:
overweight excluding obesity (BMI 25-29 kg/m?) and obesity
(BMI =30 kg/m?) [1]. Inlarge-scale multicentric epidemiologic
studies, self-reporting of weight and height is usually used
because of substantial logistic and cost savings as compared
with direct measures by trained technicians. In that context,
self-reporting is actually the more effective and manageable
way to collect anthropometric data in large samples up to tens
of thousands of participants.

However, it is acknowledged that self-reported height and
weight are biased proxies of the true measures. Indeed, bias
between self-reported and measured anthropometrics has been
widely described in the scientific literature, in many American
and European studies [5-13]. Generally, weight isunderreported
whereas height is overreported, [5,12] leading to an
underestimation of BMI and a misclassification in BMI
categories, although errorsvary according to sex, age, education,
and socioeconomic characteristics [8,10,11,14,15]. Moreover,
biases are likely differential with a relationship between
magnitude of bias and measured BMI: underweight participants
tend to overreport whereas overweight participants tend to
underreport their weight [16]. This phenomenon is partly
explained by social desirability, which can befurther influenced
by the method of data collection [5,7,17,18]. For example,
evidence for socia desirability bias was observed in the
Canadian Community Health Survey, which studied the
difference between face-to-face and telephone self-reported
anthropometrics and showed that obesity prevalence in the
face-to-face group was significantly higher thaninin the phone
group (18% and 13%, respectively) [18]. This suggests a
tendency to underreport weight to attempt to construct favorable
images in the eyes of others, to get closer to a socialy ideal
weight when the interviewer cannot visually assessit [19]. In
that context, it is of interest to assess whether Web-based
sdlf-report would lead to the same discrepancy with face-to-face
compared to what is observed between telephone and
face-to-face self-report.

A novel approach for large-scale epidemiologic studies liesin
the use of Internet to administer Web-based questionnaires
[20-25], which is recognized as the new promising field of
e-epidemiology. A key advantage of a\Web-based epidemiologic
study isthe substantial logistic and cost savings compared with
traditional data collection (pencil and paper questionnaires,
face-to-face interviews). Other features, such as data
management improvement and simplification, flexibility, and
recruitment of large samples, can be achieved with
e-epidemiology.

http://www.jmir.org/2013/8/e152/
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In the NutriNet-Santé study, comparison of self-reported weight
and height in a Web-based anthropometric questionnaire with
the traditional paper form of the same questionnaire showed
satisfying results, which were published elsewhere [26].

To date, only 1 study focused on assessing validity of
Web-based self-reported weight compared with direct measure
[27]. However, this study did not provide insight on the validity
of Web-based self-reported height or BMI because height was
not measured. To the best of our knowledge, the comparison
between Web-based and faceto-face self-reported
anthropometrics has never been published.

The objectives of the present study wereto (1) assessthe validity
of Web-based self-reported weight, height, and resulting BMI
compared with measured data in a subsample of the
NutriNet-Santé study, and (2) evaluate the concordance (ie,
agreement) between Web-based self-reported anthropometrics
and face-to-face declaration. We hypothesi zed that (1) wewould
observe underreporting of BMI with the Web-based
guestionnaire compared with the gold standard (ie, clinical
measurement), and (2) socia desirability in front of the
computer would be less important than on the phone compared
with the face-to-face interview.

Methods

The NutriNet-Santé Study

The present analyses were carried out on a subsample of the
NutriNet-Santé study, an ongoing Web-based prospective cohort
study launched in Francein May 2009 [28] aiming to investigate
the associations between nutrition and health and to study the
role of various determinants (sociodemographic, economic,
biochemical, cognitive, etc) of dietary behavior and nutritional
status. Recruitment of adult volunteers (aged 218 years) through
multimedia campaigns is to be carried out for 5 years with a
planned additional follow-up of 10 years.

Briefly, at inception, participants complete a set of Web-based
guesti onnaires assessing socioeconomic and sociodemographic
conditions, dietary intake, physical activity, anthropometrics,
lifestyle, and health status [28]. Each month, participants are
invited to fill in complementary optional questionnairesrelated
to determinants of dietary behavior and nutritional and health
status. The anthropometric questionnaire is repeated every 6
months.

Moreover, participants are invited to attend one of the specific
health centers involved in the study, located in various French
cities. During the visit, they undergo blood and urine sampling
and a clinica examination including anthropometric
measurements. Height is measured by atrained technician with
awall-mounted stadiometer without shoesto the nearest 0.5 cm
[29]. Weight is measured with a calibrated scale (body
composition analyzer BC-418MA, TANITA, Tokyo, Japan) to
the nearest 0.1 kg, with participants wearing indoor clothes,
without shoes, socks, or stockings. Height is entered manually
into the TANITA software, and then weight is measured, with
the data sent automatically to the database through a secured
interface. Results are checked with the participant allowing for
detection of any typing errors regarding height. Complete
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information about the NutriNet-Santé study design can befound
elsewhere [28].

This study was approved by the International Research Board
of the French Institute for Health and Medical Research (IRB
Inserm no: 0000388FWA00005831) and the French National
Information and Citizen Freedom Committee (CNIL no: 908450
and no: 909216). The collection of biological samples and
clinical data was approved by the Consultation Committee for
the Protection of Participantsin Biomedical Research (C09-42
on May 5, 2010) and the French National Information and
Citizen Freedom Committee (CNIL no: 1460707).

Validation and Concordance Samples

To validate the self-reported anthropometrics, a random
subsample of the participants with a scheduled clinical
examination wereinvited tofill in aWeb-based anthropometric
guestionnaire 3 days before their appointment at the health
center. Thisminimizesweight variations because of along time
lag between reported and measured weight. The validation study
started in November 2011 and ended in July 2012. All
participantswith ascheduled visit in thistimerangewereinvited
to fill in the anthropometric questionnaire. A total of 2513
participants compl eted the questionnaire 3 days before and had
attended the subsequent clinical visit. This constitutes the
validation sample.

Among them, some randomly assigned participants were asked
by the trained techniciansto declare their height and weight on
the day of the examination, before being measured. The
concordance study started in February 2012. By July 2012, a
total of 815 participants had provided Web-based weight and
height 3 daysbefore and in aface-to-faceinterview, constituting
the concordance sample. We chose to stop inclusions and start
the analyses in July 2012 because it provided a good balance
between an acceptable sample size as reviewed [5] and a
reasonable study duration.

Covariates

Socioeconomic variables were collected at study baseline.
Education referred to the highest achieved level (primary school,
secondary school, high school diploma, university bachelor
degree or less, university graduates with higher than bachelor
degree) and was further regrouped into 3 categories (up to high
school diploma, university bachelor degree or less, university
graduates with higher than bachelor degree); occupational
category was defined according to the current job or thelast job
held for unemployed or retired individuals (never employed,
self-employed, farmers, manual workers, intermediate
professions, managerial/professional staff). Monthly household
income and household composition (marital status, number and
age of children) were also reported, which allowed calculating
monthly income per household unit (in euros) by using a
standardized agorithm [30] and were categorized in quartiles.
Tobacco use (current, former, never smoked), and marital status
were also used as covariates.

Leisure time physical activity (LTPA) was assessed by the
International Physical Activity Questionnaire (IPAQ) [31,32]

and classes of physical activity were defined as recommended
[33] in low, medium, and high LTPA categories. LTPA data

http://www.jmir.org/2013/8/e152/
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are collected each year in the NutriNet-Santé study, so the most
recent report was used.

Statistical Analysis

For comparison to self-declared data, measured weight was
rounded to the nearest kilogram and height to the nearest
centimeter. Log-transformation was applied to height, weight,
and resulting BMI to improve normality. BM| was categorized

asnormal (BM1<25 kg/m?), overweight excluding obesity (BMI

25-29 kg/m?), and obese (BMI =30 kg/m?). Throughout this
paper, overweight refersto overweight excluding obesity, unless
otherwise stated.

Population characteristics (sex, age, socioeconomic status,
tobacco use, LTPA, and anthropometrics) were compared
between the validation and concordance samples and with the

entire NutriNet-Santé cohort by t tests and chi-square (x°) tests.

A summary of the indicators used for validation and
concordance analyses is provided in Multimedia Appendix 1.

Validation Analysis

Several statistical procedures were used to assess the validity
of Web-based self-reported anthropometrics by comparing them
to the reference values measured by the technician. The
difference between self-reported and measured weight, height,
and resulting BMI were calculated. P value referred to paired
t test (on log-transformed variables). To assess agreement
between self-reported and measured values, a random effect
model was performed to estimate intraclass correlation
coefficient (ICC) (2,1) as proposed by Shrout and Fleiss [34]
using the SAS macro %INTRACC [35]. We also used the
Bland-Altman method [36]: for each variable (log transformed),
the difference self-reported minus measured was plotted against
the average (self-reported + measured)/2, providing mean
agreement and 95% limits of agreement (LOA) defined asmean
agreement £2 SD of the difference. Because results were
antilogged after analysis, the mean agreement and LOA are
given as ratio of self-reported to measured values [37,38]. A
mean agreement of 100% represents exact agreement, otherwise
thereis systematic bias. If agreement is>100%, it indicatesthat,
on average, participants overreported, whereas <100% indicates
underreporting compared to the measure. The slope of average
of methods regressed on the difference between methods was
also estimated to test the existence of proportional bias although
the Bland-Altman method does not adequately distinguish
between fixed and proportional bias[39]. To further investigate
the influence of socioeconomic and lifestyle factors (BMI
category, age, sex, LTPA, smoking status, education level, level
of income, occupation), bivariate and multivariate regression
analyses were used, considering the difference between
self-reported and measured height, weight, or BMI as the
dependent variables.

Percentage of agreement between self-reported and measured
categories of BMI were caculated and the degree of
misclassification was assessed through weighted kappa
coefficient. McNemar tests were carried out for the binary
variables (1) overweight including obesity and (2) obese.
Sensitivity and specificity for overweight and obese were also
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calculated as true positives/(true positives + false negatives)
and true negatives/(true negatives + false positives), with the
true measure being the clinical data.

Concordance Analyses

The same procedures were used for the concordance study
between self-reported Web-based questionnaire and face-to-face
interview, namely paired t test of the difference between Web
and face-to-face values, ICC, Bland-Altman regression and
LOA, percentage of agreement, and weighted kappa coefficient.
Sensitivity Analyses

Because participants who answered the Web-based
anthropometric questionnaire 3 days before attending the visit
knew that they would be measured, this could lead to
overagreement between self-reported and measured data. To
overcome this potential bias, we performed the following
sensitivity analyses: a second validity sample included
participantswho filled in the regul ar Web-based anthropometric
guestionnaire (available every 6 months) within 2 months before
attending the visit. The visit was not necessarily scheduled at
time of completion; hence, participants were unaware of an
upcoming measurement. A time lag of a maximum 2 months
was chosento limit actual weight variations. The second validity
sample consisted of 2078 participants. Among them, a second
concordance sample of 233 participants was drawn that had
available data from the face-to-face declaration.

All statistical tests were 2-sided and P<.05 was considered
significant. All statistical analyses were performed using SAS
software ver 9.1 (SAS Institute Inc, Cary, NC, USA).

Results

Population Characteristics

The characteristics of the entire NutriNet-Santé cohort and of
the validity and concordance samples are presented in Table 1.
There were no significant differences between the validity and
concordance samples regarding age, education, occupation,
smoking status, and LTPA. Participants in the validity sample
were less often women, significantly older, more physicaly
active, lesslikely to be smokers, and more likely to live with a
partner and to have a higher level of income than the entire
cohort (al P values <.001). Web-based self-reported
anthropometrics showed no significant difference between the
vaidity sample and the cohort, except for adightly higher height
(P=.003).

Validity

Men and women underreported their weight by —0.40 kg (SD

1.45) and —-0.52 kg (SD 1.42), respectively, and overreported
their height by 0.61 cm (SD 1.40) and 0.55 cm (SD 2.66),

leading to an underreporting of BMI of —0.32 kg/m? (SD 0.66)

for men and —0.34 kg/m? (SD 1.67) for women (all P<.001)
(Multimedia Appendix 2). No difference was observed between

http://www.jmir.org/2013/8/e152/
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men and women for BMI, height (t test P values >.05), and
weight (P=.05).

Validity of continuous variablesis presented in Table 2. Overall,
agreement was high between self-reported and measured
anthropometric data with ICC ranging from 0.94 (height) to
0.99 (weight). However, a systematic bias was observed for
each variable because percent mean agreement was significantly
different from 100%, indicating underreporting of weight and
BMI and overreporting of height. The LOA werewider for BMI
than for height and weight. For approximately 95% of cases,
self-reported BMI differed from measured BMI by 8.9% less
than to 6.7% greater than the real value (LOA are provided
compared to the reference, ie, 100%, but are symmetrical in
relation to the mean of agreement value, here 98.6%; Figure 1).

To investigate determinants of differential bias, we regressed
the difference between self-reported and measured BM| values
on covariates. BMI category showed a significant effect (crude
and adjusted for covariates: sex, age, LTPA, occupation,
education, and smoking). BMI underreporting was—0.16, —0.36,

and —0.63 kg/m? among normal, overweight, and obese
participants, respectively, in the adjusted model. Weight
underreporting was significantly associated with BMI category
(more underreporting among obese and overweight vs normal)
and sex (women underreported more than men). Height
overreporting was positively associated with BMI category
(more overreporting among obese and overweight vs normal)
and age. Crude differences by sex, across BMI and age
categories are reported in Multimedia Appendix 2.

Table 3 shows an agreement of 93.2% between BMI categories
and aweighted kappa of 0.89. The overweight proportion was
2.2 percentage points less when estimated from self-reported
than from clinical data (23.5% vs 25.7%) and 1.7 points less
for obesity (9.1% vs 10.7%). The difference was statistically
significant according to the McNemar test (P<.001). Regarding
detection of obesity, out of 270 truly obese participants, 45 were
not classified obese with the self-report (fal se negative) whereas
225 were well-detected (true positive), leading to a sensitivity
of 83.3% and a specificity of 99.9%. Regarding detection of
overweight including obesity (BMI=25), 97 participants were
false negative and 818 true positive, leading to a sensitivity of
87.9% and a specificity of 99.1%.

Concordance

Asshown in Table 4, mean agreement between Web-based and
face-to-face values was almost perfect; the difference was not
significant and ICCs were 1.00, 0.96, and 0.98 for weight,
height, and BMI, respectively.

Aspresented in Table 5, agreement in BMI categories was also
very strong with 98.5% of the participants similarly classified
in BMI classes. The weighted kappa was 0.97 and difference
in overweight classification was not significant, but it was
significant for obesity (P=.01).
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Table 1. Characteristics of the validation study sample (N=2513) and the concordance study sample (n=815) from the NutriNet-Santé Study, 2012,

France.
NutriNet-Santé cohort
Vaidity sample (V) (CO)
Participants’ characteristics n=2513 Concordance sample (C)* n=115,784 P value®
V vsCO CvsCO
Age (years), mean (SD) 53.8(13.3) 53.6 (13.0) 45.1 (14.5) <.001 <.001
Weight (kg) ©
Mean (SD) 66.8 (13.2) 66.5 (13.4) 67.3 (15.1) .06 11
Median (IQR) 65 (57-75) 64 (57-74) 64 (57-75)
Height (cm) ©
Mean (SD) 166.3 (8.3) 165.7 (8.5) 166.8 (8.5) .003 .001
Median (IQR) 165 (160-172) 165 (160-170) 166 (161-172)
BMI (kg/m?) ©
Mean (SD) 24.1 (4.3) 24.2 (4.4) 242 (5.2) 49 95
Median (IQR) 23.3(21.1-26) 23.5(21.2-26.2) 23.1(20.8-26.2)
Female, n (%) 1835 (73.0) 606 (74.4) 90,382 (78.1) <.001 01
Living with a partner, n (%) 1860 (74.0) 607 (74.5) 82,480 (71.2) .001 .04
BMI (kg/m?), 9n (%) 26 61
Normal (<25 kg/m?) 1604 (63.8) 513 (62.9) 76,879 (67.2)
Overweight (25-29 kg/m?) 643 (25.6) 210 (25.8) 25,396 (22.2)
Obese (230 kg/m?) 266 (10.6) 92 (11.3) 12,125 (10.6)
Education, n (%) 44 .96
Primary school 78(3.2) 22(2.8) 3854 (3.4)
Secondary school 491 (20.1) 156 (19.8) 19,971 (17.6)
High school diploma 374 (15.3) 113 (14.3) 20,557 (18.1)
University < bachelor degree 746 (30.5) 264 (33.4) 33,362 (29.5)
University = bachelor degree 757 (31.0) 235 (29.8) 35,552 (31.4)
Occupational category, n (%) .39 .94
Never employed 55(2.2) 18(2.2) 6646 (5.7)
Self-employed. farmers 101 (4.0) 33(4.1) 3951 (3.4)
Manual workers 53(2.1) 21(2.6) 3509 (3.0)
Intermediate professions 1372 (54.6) 436 (53.5) 65,223 (56.3)
Managerial/professional 932 (37.1) 307 (37.7) 36,455 (31.5)
Tobacco smoking, n (%) <.001 .001
Current smoker 241 (9.6) 86 (10.5) 2079 (18.0)
Former smoker 999 (39.7) 320(39.3) 38,324 (33.1)
Never smoker 1273 (50.7) 409 (50.2) 5667 (48.9)
Physical activity level, 9 n (%) <.001 79
Low 498 (20.3) 176 (22.1) 27,212 (25.6)
Medium 1002 (40.8) 300 (37.6) 44,239 (41.7)
High 954 (38.9) 322 (40.3) 34,695 (32.7)
L evel of income (€/unit of consumption), n (%) <.001 <.001
http://www.jmir.org/2013/8/e152/ JMed Internet Res 2013 | vol. 15 | iss. 8 [e152 | p.9
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NutriNet-Santé cohort

Validity sample (V) (CO)
Participants’ characteristics n=2513 Concordance sample (C)* =115, 784 P value®
V vsCO CvsCO
Don't want to answer 261 (10.4) 91 (11.2) 14,929 (135)
<1257 302 (12.0) 112 (13.7) 23,511 (21.3)
1257-1835 508 (20.2) 166 (20.4) 23,606 (21.4)
1835-2700 674 (26.8) 225 (27.6) 24.329 (22.1)
2700 768 (30.6) 221 (27.1) 23,849 (21.6)

3o significant difference was observed between the validity and concordance samples (all P values >.05 for chi-square tests or t test for age).
bp value for t test or Mantel—Haenszel chi-square test as appropriate.
% tests on the log-transformed variables.

9Reduced sample size because of missing values; validity sample: n=2454 for physical activity level; concordance sample: n=798 for physical activity
level; cohort: n=114,400 for BMI, n=113,296 for education, n=106,146 for physical activity level.

Table 2. Validity indicators of weight, height, and body mass index (BMI) including intraclass correlation coefficient (ICC) between the Web-based
self-report and measurement at the clinical examination, Bland—Altman mean agreement, and limits of agreement (L OA) from the NutriNet-Santé Study,
2012, France (N=2513).

Anthropometric

variables Web-based Measured  Difference P2 1CCP % mean agreement® % LOAY
Lower Upper
Men SD Men SD Men SD ICC 95%ClI % 95% ClI limit limit
Weight (kg) 6684 1360 6733 1374 -049 143 <001 0.99 0.99, 0.99 9928 99.20, 99.37 95.11 103.64
Height (cm) 16630 848 1H73 832 056 239 <001 094 0.94,0.95 10033 100.27, 100.40 97.06 103.72
BMI (kg/mZ) 2412 444 2446 441 -034 147 <001 0.97 097,097 9861 98.47,98.77 91.12 106.74

3P value of the paired t test of difference of log-transformed variable.
by CC(2,1) calculated on log-transformed variables.

Bland—Altman mean agreement (average of difference self-reported — measured). A mean agreement of 100% represents exact agreement between the
2 methods.

dLOA: limits of agreement of self-reported value expressed as a percent of the measured value. Because results were antilogged after analysis, the LOA
are given as ratio Web:measured.

Table 3. Validity indicators for categorical variables including percent of similar classification and weighted kappa coefficient for overweight and
obesity classification between the Web-based declaration and reference measurement at clinical examination from the NutriNet-Santé Study, 2012,
France (N=2513).

Categorical anthro-  Web-based ~ Measured Agreement (%) Weighted kappa® PP Sensitivity®d Specificity®®
pometric variable n=2513 n=2513

n % n % % 95% Cl K 95% Cl % 95% ClI % 95% Cl
BMI classification 932 922,941 089 088091

Normal (BMI<25) 1695 6745 1598 6359

Overweight (BMI 590 2348 645 2567 <00l 87.9 086,090 991 987,996
25-20.9)
Obese (BMI230) 228 907 270 1074 <00l 833 789,878 999 997,100

&Cicchetti—Allison weight. For agiven cell inrow i, columnj, wi=1{[i—1/2).

bp value of McNemar chi-sgquare test for binary variables: overweight including obesity (BM1=25) yes/no and obese (BM1=30) yes/no. A P value <.05
indicates significant difference between Web-based self-reporting and measurement.

CSensitivity and specificity for binary variables: overweight including obesity (BM1=25) and obese (BM1=30).

dSensitivity=true positives/(true positives + false negatives).

eSpecificity=true negatives/(true negatives + false positives). True = clinical data.
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Figure 1. Bland - Altman plot of self-reported versus measured values of BMI, NutriNet-Santé study, 2012, France. Horizontal lines represent the %
mean difference and 95% limits of agreement.
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Table 4. Concordance indicators for continuous variables including intraclass correlation coefficient (ICC) between Web-based and face-to-face
reported data, Bland—Altman mean agreement, and limits of agreement (LOA) from the NutriNet-Santé Study, 2012, France (n=815).

Anthropometric variable Web-based  Faceto-face Difference P2 IccP % mean agreement® % LOAY
Men SD Men SD Men SD ICC  95%ClI % 95% Cl Lower Upper
limit  limit
Weight (kg) 6660 1345 6660 1349 0.00 1.14 .31 099% 0.9950.996 10001 99.89,100.14 96.46 103.69
Height (cm) A 850 I1/7L 824 004 221 .77 0958 0.951,0.963 10002 99.91,100.12 97.13 10298
BMI (kg/m2) 2420 440 2419 428 001 120 .78 0979 0.976,0.982 100.00 99.80,100.27 93.43 107.10

3P value of the paired t test of difference of log-transformed variable (Web minus face-to-face).
BICC: intraclass correlation (2,1) calculated on log-transformed variables.

Bland and Altman mean agreement (average of differences “Web-based minus face-to-face”). A mean agreement of 100% represents exact agreement
between the 2 questionnaires.

dLOA: limits of agreement of Web-based self-reported value expressed as a percent of the face-to-face reported value. Because results were antilogged
after analysis, the LOA are given as ratio Web-based/face-to-face.
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Table 5. Concordance indicators for categorical variables: percent of similar classification and weighted Kappa coefficient for overweight and obesity
classification between Web-based and face-to-face reported data from the NutriNet-Santé Study, 2012, France (n=815).

Categorical anthropometric vari-

able Web-based Face-to-face Agreement (%) Weighted kappa?® pb
n % n % % 95% ClI K 95% ClI

BMI classification 98.5 97.7,99.4 0.97 0.96,0.99

Normal (BMI1<25) 547 67.1 546 67.0

Overweight (BMI 25-29.9) 193 237 188 231 1.00

Obese (BM1=30) 75 9.2 81 9.9 .01

Cicchetti—Allison weight. For agiven cell in row i, column j, wii=1([i—1/2)

bp value of McNemar chi-square test for binary variables: overweight including obesity (BM1>=25) yes/no and obese (BM1>=30) yes/no.

Sensitivity Analyses

Sensitivity analyses in the second validity sample (n=2078)
showed similar results as the validity sample, the validity
indicators (ICC, kappa, percent agreement) were even slightly
higher (Multimedia Appendix 3). However, a significant
difference in weight reporting was observed in the second
concordance sample (n=233): participants reported higher
weight (mean 0.37, SD 1.86) and, hence, BMI (mean 0.32, SD
0.83) in the Web-based questionnaire than in the face-to-face
interview. Weighted kappa was lower than the concordance
sample, with a value of 0.91 (95% CI 0.86-0.95) and percent
correct classification was 94%. Nevertheless, ICCswere similar,
ranging from 0.98 to 0.99.

Discussion

Principal Finding

In the present study, we observed that Web-based self-report
of anthropometricsin the NutriNet-Santé study isequivalent to
aface-to-faceinterview. Although, as hypothesized, it is subject
to bias as compared with direct measures, the biasis reasonably
small and the validity indicators show good reliability of this
data.

Validity

Overdl, our results showed high validity of self-reported
anthropometric data compared with measured val ues. However,
we observed a small although significant underreporting of
weight and BMI and an overreporting of height, which was
expected and is consistent with previousresearch [5]. Compared
with the biasreported in theliterature, the extent of misreporting
inthe present study (-0.49 kg for weight and 0.56 cm for height)
is smaler than in most of the studies on general adult
populations which show underreporting ranging from -0.1 to
-6.5 kg for weight and overreporting from 0.6 to 7.5 cm for
height [5]. Results of the other study assessing validity of
Web-based self-reported anthropometrics showed greater
underreporting of weight (-1.2 kg) and found no significant
difference between men and women [27]. BMI classificationis
more of aconcern when studying the association of nutritional
factors with obesity or overweight risk. But, a correct
classification of 93% and a kappa of 0.89 (which can be
considered amost perfect [40]) reflect reliable and suitable
results. For example, in the Adventist Health Study, correct

http://www.jmir.org/2013/8/e152/

classification in BMI categories was 83.4% (95% CI 80.9%,
85.8%) [41]. In our study, sensitivity of self-reported BMI to
detect obesity was 83% and specificity was 100%, which are
higher than the Adventist study (sensitivity 81%, specificity
97%), and much higher than observed in a Swiss and French
community-based sample (sensitivity: 66% for men, 73% for
women; specificity: 99% for both) [16]. Regarding
comparability of our study population with other studies, inthe
Adventist study, the prevalence of self-reported obesity (27.3%)
was higher than in our study (9.1%); however, the study by
Dauphinot et al [16] reported exactly the same proportion of
obese participants asin our study.

No difference in misreporting was observed between men and
women for height, whereas it has been previously suggested
that men tended to overreport their height more strongly than
women [8,10,14-16,42,43], although a few studies found no
difference according to sex [9,27,41]. However, we found that
being a woman was a predictor of greater underreporting of
weight, consistent with previous research [8,10,14-16,38,39].
Age was a significant predictor for overreporting of height, in
accordance with most the studies [9,11,41,44,45]. This can be,
at least partly, explained by thefact that aging is associated with
adecrease in height that people might be unaware of if they are
not often measured [13,19] .

Although underreporting of BMI and weight and overreporting
of height was observed in every BMI category, their magnitude
differed and we found that objective overweight and obesity
were the strongest predictors for underreporting of weight and
BMI and overreporting of height, similar to many studies
[10,11,16,19,41,44,45]. Our results are very similar to those of
the Adventist study [41] that showed a BMI underreporting of

-0.4 kg/m? in nonobese vs -0.9 kg/m? in obese participants. We
found lower differences between BMI categories than in the
Oxford EPIC study [10] inwhich underreporting among normal,
overweight, and obese participants was -0.6, -1.02, and -1.66

kg/m? for men and -0.44, -0.96, and -1.35 kg/m? for women,
and in the study by McAdams et a [45] in which BMI
misreporting was 0.03 (nonsignificant), -0.57, and -1.77 kg/m?
in normal, overweight, and obese participants, respectively.
Regarding weight underreporting, our results show less
difference between BMI categories than Bonn et al [27] who
found underreporting of -0.9 kg in participants with BM1<25
vs -2.1 kg in overweight/obese participants. A hypothesis to
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explain this phenomenon liesin the social desirability concept:
people are influenced by their desire to conform to perceived
societal norms, and thisis more important in obese participants
[19].

Concordance

Method of data collection can influence responses to surveys
[46]. Severa studiesreported stronger underestimation of weight
and BMI with telephone reporting than with face-to-face
interviews [46-48]. Some hypotheses have been proposed to
interpret such findings [18], including the idea that social
desirability may influence reporting that cannot be visually
verified [48].

Contrarily, and as hypothesized, in our study we showed almost
perfect agreement between the Web-based reporting and the
face-to-faceinterview, arguing that behind the computer screen,
participants do not seem more prone to social desirability bias.
This can be explained by the greater feeling of anonymity on
the Web than on the telephone [48], in which the involvement
is greater when the interviewer is a person rather than a
computer screen. Indeed, even if the participants knew they
would beweighed and measured after theface-to-faceinterview,
this did not appear to influence what they declared.

We were aware that the Web-based reporting might be partly
biased because participants theoretically knew they would be
weighed a few days later; thus, limiting prevarication bias.
However, the sensitivity analysis provided similar results, with
even higher values of Web-based weight vs face-to-face, closer
to the true measure. This shows an advantage of Web-based
self-report compared with tel ephoneinterview aswe previously
demonstrated concerning dietary data[49].

Strength and Limitations

The first limitation pertains to a potential underestimation of
the difference between Web-based reports and measures because
participantsin our study knew they would attend the visit 3 days
after filling in the Web-based questionnaire. However, the
sensitivity analyses with data collected within 2 months before
the visit showed similar results—even dlightly higher
validity—indicating that the difference seems not to be reduced
by awareness of the upcoming examination.

Second, caution is also advised regarding the generalizability
of our results. Indeed, the participants of the NutriNet-Santé
study were recruited on a voluntary basis, implying that they
might be particularly likely to engagein healthy behaviors; thus,
a self-selection bias could have occurred in our population as
in most prospective cohort studies. In particular, participants
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were invited to answer an anthropometric questionnaire twice
ayear, so they werelikely to be more aware of their true weight.
Further, the present validation study is subject to an additional
selection bias related to the participation to the visit because
some characteristics, such as age, smoking status, or LTPA,
were significantly different between the validation sample and
the entire cohort. However, even if some socioeconomic
characteristics were different, educational level, occupation,
and the main outcomes, anthropometric values, were not
significantly different of the entire cohort. Also, among the
participants who attended the clinical examination, those
participating in the face-to-face interview were randomly
allocated.

A major strength of this validation study isits originality. This
is the second study assessing validity of anthropometric data
collected through a Web-based tool, but we used awider range
of statistical tools that allowed analyzing the validity in more
depth on a wider sample than in the recently published study
[27]. This type of study is of major interest with the arising
development of e-epidemiology. Also, the sasmple sizeislarge
and ranks among the larger validation samples published [5].
Another great strength is that the elapsed time between
Web-based self-report and direct measure was controlled for,
equal for every participant, and sufficiently short to avoid any
true potential change in weight. Moreover, the gold standard
used here, measured weight and height, was obtained through
a standardized protocol by a trained technician and data were
sent directly through a secured interface to the database,
avoiding any data entry mistakes. Finally, statistical analysis
was not limited to correlation coefficients calculation, but
acknowledged statistical tools for validation and concordance
analysis were used [34,36,37,50,51].

In conclusion, this study indicates that Web-based weight and
height data from the NutriNet-Santé study can be considered
as valid enough to be used when studying associations of
nutritional factors with anthropometric and health outcomes.
However, underreporting of weight and BMI and overreporting
of height was stronger among overweight and obese and we
showed misclassification of overweight (sensitivity 87.8%) and
obesity (sensitivity 83.3%) which leads us to advise caution
when overweight and obesity are the main outcomes. Although
it is subject to biases inherent to self-reported anthropometric
measurements, the magnitude of such biases can be considered
comparable to face-to-face interviews. Therefore, Web-based
self-reported data appear to be an accurate and useful tool to
assess anthropometric data.
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Abstract

Background: The health risk assessment (HRA) is a type of health promotion program frequently offered at the workplace.
Insight into the underlying determinants of participation is needed to evaluate and implement these interventions.

Objective:  To analyze whether individual characteristics including demographics, health behavior, self-rated health, and
work-related factors are associated with participation and nonparticipation in a Web-based HRA.

Methods: Determinants of participation and nonparticipation were investigated in a cross-sectional study among individuals
employed at five Dutch organizations. Multivariate logistic regression was performed to identify determinants of participation
and nonparticipation in the HRA after controlling for organization and all other variables.

Results:  Of the 8431 employees who were invited, 31.9% (2686/8431) enrolled in the HRA. The online questionnaire was
completed by 27.2% (1564/5745) of the nonparticipants. Determinants of participation were some periods of stress at home or
work in the preceding year (OR 1.62, 95% Cl 1.08-2.42), a decreasing number of weekdays on which at least 30 minutes were
spent on moderate to vigorous physical activity (OR,,pa0.84, 95% Cl 0.79-0.90), and increasing a cohol consumption. Determinants
of nonparticipation were less-than-positive self-rated health (poor/very poor vs very good, OR 0.25, 95% CI 0.08-0.81) and
tobacco use (at least weekly vs none, OR 0.65, 95% CI 0.46-0.90).

Conclusions: This study showed that with regard to isolated health behaviors (insufficient physical activity, excess alcohol
consumption, and stress), those who could benefit most from the HRA were more likely to participate. However, tobacco users
and those who rated their overall health as less than positive were less likely to participate. A strong communication strategy,
with recruitment messagesthat take reasons for nonparticipation into account, could proveto be an essential tool for organizations
trying to reach employees who are less likely to participate.

(J Med Internet Res 2013;15(8):€151) doi:10.2196/jmir.2387

KEYWORDS
participation; Internet; workplace; health promotion; health risk assessment; reach

: fruit/vegetableintake, and physical inactivity [1]. Theworkplace
Introduction is considered to be an excellent setting for health promotion
Seven modifiable risk factors account for morethan half of the ~ Programs that target these risk factors, not only because alarge
chronic disease burden: high blood pressure, tobacco use, excess ~ Proportion of the population can be reached, but also because
alcohol consumption, high serum cholesterol, overweight, low it makes use of a natural socia network and can facilitate the
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creation of a health-conscious environment [2-4]. Web-based
interventions serve as afeasible and acceptabl e delivery method
for these programs because they can provide scale at arelatively
low cost per employee [5,6]. In addition, Internet access is
available 24 hours a day, 7 days aweek, which may serve both
the employer and the employee, as program accessis available
across work shifts and into vacation and leisure time [6].

Recent reviews of effectiveness studies concluded there is
sufficient evidence that worksite health promotion programs
(WHPPs) have meaningful effects on a number of risk factors
[7,8]. The latter is directly beneficia for the employer:
implementing a WHPP can lead to reductions in both
absenteeism and productivity loss at work [9,10]. However, a
lack of employee participation presents an important barrier to
the impact of WHPPs [7,11]. Since most intervention studies
on WHPPs randomize workers who have agreed to participate
in the studies, it is largely unknown whether those who could
benefit most from the intervention are as likely to participate
as those who may have already been making more healthful
choices [12,13]. The importance of studying determinants of
participation in WHPPs was already emphasized 25 years ago
and has been underscored ever since[14-16]. Still, in 2009, the
authors of areview concluded that few studies have evaluated
the influence of health, lifestyle, and work-related factors on
participation, which hampers insight into the underlying
determinants of participation in WHPPs, and ultimately, the
influence of selective participation on the effectiveness of these
WHPPs [3]. Except for the finding that women enroll more
often than men, no consistent determinants of participation in
WHPPsaimed at physical activity and nutrition werefound [3].

With regard to Web-based delivery of WHPPs, it has been
reported that women and older people are more likely to enroll
in these programs, as they more often use the Internet for
searching for health-related information. It has also been
postul ated that individuals with alow educational level areless
likely to use Web-based WHPPs, as those with less formal
education arelesslikely to continue the adoption of innovations

[17].

One type of WHPP that is frequently offered is the health risk
assessment (HRA), which screens for risk factors for chronic
diseases[7,10] and deliversverbal or written feedback on one's
personal risk profile along with subsequent recommendations
for lifestyle improvements. While an HRA is often used as a
gateway intervention to broader WHPPs, it can also be utilized
asatool for stimulating theinitiation of health behavior change
[4,7]. In the current study, our aim was to analyze whether
individual characteristics (including demographics, health
behavior, self-rated health, and work-related factors) are
associated with participation and nonparticipation in a
Web-based HRA [9] implemented among employees in the
Netherlands.

Methods

Participating Organizations and Study Design

In this cross-sectional study, the HRA wasimplemented in five
Dutch organi zations, which included auniversity medical center,

http://www.jmir.org/2013/8/e151/

Niessen et d

alarge state-owned bank, a small bank, afinancia institution,
and the Dutch branch of an American multinational technology
and consulting corporation. The HRA was applied in a pilot
study among selected departments of the university medical
center, which employed over 10,000 employees in 2009. The
large state-owned bank was nationalized as aresult of the global
financia crises and employed more than 27,000 employeesin
2009. Starting in 2006, its employeeswere gradually invited to
enroll inthe HRA.. Renewed enrollment inthe HRA was offered
to employees 3 years after the first HRA was completed. In the
current study, we included al invitees from 2009 who had not
previously participated inthe HRA. All workersfrom the small
bank (<1000 employees) were invited, and from the financial
institution (>3000 employees), all invitees from 2009 who had
not previously participated in the HRA (renewed participation
offered after 3 years) were included in this study. The Dutch
branch of the American multinational technology and consulting
corporation employed over 4500 employeesin 2010. The HRA
has been implemented in the organization since 2006. Two years
after initial participation, renewed enrollment in the HRA is
offered. In this study, we included all employees who were
invited during the first and second quarters of 2010 and had not
previously participated in the HRA.

Procedures

Employees were invited to participate in the HRA during the
period from January 2009 to August 2010. The university
medical center imposed an age criterion, inviting employees
who were at least 45 years old. Upper management encouraged
managers of selected departments to stimulate enrollment in
the HRA among their workers. The HRA was also highlighted
in the in-house employee magazine.

During the study period, invitations to participate in the HRA
were sent by the human resources department, management, or
the safety, health, and welfare services of the organizations
involved. The invitation email included a description of the
HRA and informed employees that participation was voluntary
and free of charge, that all persona data would be treated
confidentially, and that no individual results would be shared
with their employer or any other party. No incentives were
offered.

The HRA is called “The Prevention Compass’ [4,9]. In the
assessment phase, a Web-based health questionnaire is
completed (in 30-45 minutes), biometric measurements (height,
weight, waist circumference, blood pressure) are taken, and
blood, urine, and feces samples are analyzed. A personalized
Web-based hedlth report and health plan is automatically
generated only after al health data are collected. At this point,
the HRA is compl eted.

Employees were defined as enrollees when they enrolled in the
program by activating their online account during theinclusion
period. Thisperiod varied (3-12 months), aslarger organizations
chose to invite their employees gradually. Enrollees who
completed all HRA measurements within 1 year after the
inclusion period had ended were classified as participants. Those
who enrolled but did not complete all measurements were
labeled dropouts. Employees who had not enrolled in the
program after the inclusion period had ended were labeled
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nonparticipants. The provider of the HRA sent nonparticipants
an email inviting them to complete an online questionnaire.
Those who responded to the online questionnaire were classified
as responders, and those who did not respond were labeled
nonresponders. Informed consent was obtained from all study
participants prior to the study in accordance with the
requirements for identifiable data collection in the Dutch Code
of Conduct for Observationa Research.

M easur ements

For all study participants, gender and date of birth were available
from the HRA invitation lists used by the organizations
involved. Other individual characteristics (which included
educational level, self-rated health, physical activity, body mass
index (BMI), alcohol consumption, stress, work ability, and
absenteeism during the previous year) were collected from the
Web-based health questionnaire component of the HRA as part
of alarger set of health data collected to generate a personal
health report. Asnonparticipants did not participatein the HRA
and its Web-based health questionnaire, an online questionnaire
was created that was made up almost entirely of the questions
related to the above-mentioned individual characteristicsof this
study. Our goa was to lower the threshold and make it easier
for nonparticipants to complete the questionnaire. Therefore, it
was anonymous, no account had to be activated, and it took 10
minutes to complete. The questions relating to the individual
characteristics were identica for participants and
nonparticipants.

To determine educationa level, respondentswere asked to check
1 of 9 categories (ranging from no education to doctorate level)
that indicated the highest level of education ever completed.
Self-rated health [18,19] was measured by one question: “How
doyou rateyour health in general?’ The response optionswere
“very good”, “good”, “moderate”, “bad”, or “very bad”. Because
of alack of observationsfor the option “very bad”, this category

was merged with “bad” prior to the regression analysis.

One item derived from the Dutch version of the International
Physical Activity Questionnaire [20] was used to assess the
number of weekdays on which at least 30 minutes were spent
on moderate to vigorous physical activity. BMI was based on
height and weight as reported by respondents on the online
guestionnaire (nonparticipants) or measured by trained personnel
(participants), and categorized into normal weight (BMI1<25

kg/m?), overweight (25sBMI<30 kg/m?), or obese (BM1=30
kg/m?).

Alcohol consumption was measured in units of alcohol per week
based on a standard alcohol questionnaire of the Dutch
Municipa Health Service (“GGD Monitor”). Because few
participants reported high level s of alcohol consumption, answer
categories“29-35 units’, “ 36-42 units’, “43-50 units’, and “>
50 units’” were merged with “22-28 units’ into “>22 units.”
One item measured the frequency of tobacco use (none,
occasionally, weekly, or daily). Answer categories “daily” and
“weekly” were merged into “daily/weekly” as a measure of
frequent tobacco use.

Items from the INTERHEART study were used to measure
general and financial stress[21]. In accordance with the methods
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used in that study, 2 items relating to stress at home and stress
at work were combined into a general stress scale and graded
asfollows: (1) never experienced stress, (2) experienced some
periods at home or at work, (3) experienced several periods at
home or at work, or (4) experienced permanent stress at home
or at work. Level of financial stress was defined as (1) little or
none, (2) moderate, or (3) high or severe.

Work ability was measured with the single-item question on
work ability from the Work Ability Index (WALI) [22]. Both the
WAI and the single-item question show similar patterns of
associations with absenteeism, health, and symptoms [23]. On
the single-item question, respondents were asked to assesstheir
current work ability compared with their lifetime best, with a
possible score of 0 (“completely unableto work™) to 10 (“work
ability at its best”).

Absenteeism during the previous 12-month period was
determined by a question that classified the number of
absenteeism (calendar) days related to health problemsinto 1
of 5 categories (0, 1-9, 10-24, 25-99, 100-365) [24].

Statistical Analysis

Means and standard deviations were presented for the
continuous variables of age, physical activity, and work ability.
Percentages were presented for the dichotomous variable gender
and the categorical variables of education, BMI, alcohol
consumption, tobacco use, stress at home or work, financial
stress, self-rated health, and absenteeism. Enrollees, participants,
nonparticipants, questionnaire responders, and nonresponders
were compared using the unpaired t test for continuous variables
and the chi-square test for dichotomous and categorical
variables.

Spearman rank correlation coefficients were computed to
investigate interrel ationships among individual characteristics.
Using the Bonferroni approach to control for Type 1 errors
acrossthe 132 correlations of the 12 variables, a P value of less
than .0004 (.05/132=.0004) was required for significance [25].
Correlations had to be at least 0.20 to be considered practically
relevant.

Multivariate logistic regression analysis was performed to
identify individual characteristics that contributed to
participation in the HRA, after controlling for company and all
other variables. This method presumes that al individual
characteristics are measured for all cases and incomplete cases
are discarded, which may result in biased estimates [26].
Therefore, multipleimputation of missing values of independent
variables was employed. In multiple imputation, missing data
areimputed based on variables correlated with the missing data
and causes of missingness. In this study, ordinary least-squares
regression models were applied to predict the missing values
of continuous and ordinal variables, and discriminant prediction
model swere applied to the missing values of nominal variables.
All individual characteristics as well as participant status
(participant vs nonparticipant) were used as covariates in the
predictive models. Uncertainty was accounted for by creating
10 imputed datasets [27]. Multivariate logistic regression
analysis was carried out on each imputed dataset, producing
multiple analysisresults. These analysis results were combined
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using rules established by Rubin [27] to produce one overall
analysis, which is reported and compared with the results of
complete case analysis.

The SOLAS 4 dtatistical package was used for the multiple
imputation of the missing values. All other analyses were
performed using SPSS for Windows, version 19.

Results

The study flow chart is presented in Figure 1. During the study
period, 8431 employeeswereinvited to participatein the HRA.
Average participation was 31.9% (2686/8431) and ranged from
14.9% to 51.7%: university medical center: 51.7% (206/503),
state-owned bank: 29.9% (1282/4284), small bank: 41.0%
(213/520), financia institution: 34.3% (824/2404), Dutch branch
of American multinational technology and consulting
corporation: 14.9% (107/720). The online questionnaire was
completed by 27.2% (1564/5745) of the nonparticipants. Data
on gender and age were available for 99.5% (8390/8431) of all
HRA inviteesfrom the invitation lists. Both enrollees (P<.001)
and questionnaire responders (P=.02) were dightly older
compared with nonparticipants and nonresponders. Also,
enrolleeswere |ess often male (P=.046). Of those who enrolled
in the HRA, 7.9% (213/2686) did not complete participation
(dropouts). Compared with participants who completed the
HRA, dropouts were younger (P=.002) and less often male
(P<.001). Dropouts were excluded from further analysis, asno
additional data beyond age and gender were available for this
group. An example of a personal health risk profile page that
was presented to those who completed the HRA is shown in
Figure 2.

Table 1 depictsthe baseline characteristics of participants (those
who completed the HRA) and nonparticipants who filled in the
online questionnaire (hereafter described as nonparticipants).
Participants were dlightly older than nonparticipants. No
differences in gender or education were found. Participants
engaged in physical activity less frequently, had higher weekly
alcohol consumption, and reported having had periods of stress
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a home or work during the previous year more often.
Nonparticipants had lower self-rated health, used more tobacco,
and reported dlightly lower work ability, a higher level of
financial stress, and more absenteeism in the preceding year.

A correlation matrix was computed to ascertain associations
between the individual characteristics. Mae gender was
positively related with alcohol consumption (r=.33) and age
was positively related with BMI (r=.21). A negative correlation
(r=-.28) was found between the amount of stress at home or
work and self-estimated work ability. Stress at home or work
was positively correlated (r=.21) with financia stress. More
positive self-rated health was correlated with higher work ability
(r=.29) and negatively correlated with the amount of
absenteeism during the previous 12-month period (r=-.22).

In Table 2, the independent influence of demographics, health
behavior, self-rated health, and work-related factors on HRA
participation is shown for the imputed datasets (combined
results), after controlling for organization (not shown) and all
other independent variables. In the multivariate logistic
regression analysis model, no effects were found for
demographics. Less frequent physical activity, higher weekly
alcohol consumption, and some periods of stress at home or
work during the previousyear remained statistically significantly
associated with higher participation. It was also confirmed that
lessthan-positive self-rated health and tobacco use are
significantly associated with lower participation. Higher levels
of financial stress, more absenteeism, and lower work ability
were no longer significantly related to lower participation.

Complete case analysis confirmed the direction of the reported
results based on theimputed datasets. In addition, thefollowing
associ ations attai ned significance in the complete case analysis.
Severe levels of financial stress, good self-rated health, and
absenteeism (1-9 days and 100-365 days) were associated with
lower participation. Having had several periodsof stressat home
or work and female gender were associated with higher
participation. Also, in the complete case analysis, the association
between occasional tobacco use and lower participation was
marginally significant (P=.06).
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Table 1. Baseline characteristics of HRA participants and nonparticipants who completed the online questionnaire.

Characteristics HRA participants HRA nonparticipants who completed P value
N=2473 guestionnaire
N=1564

Age n=2473 n=1564 .001
Mean (SD) 43.7(9.2) 42.6 (9.7)

Gender, n (%) n=2472 n=1564 81
Male 1337 (54.1) 852 (54.5)
Female 1135 (45.9) 712 (45.5)

Education? n (%) n=2451 n=1549 41
Low 400 (16.3) 266 (17.2)
Intermediate 782 (31.9) 464 (30.0)
High 1269 (51.8) 819 (52.9)

Physical activity n=2473 n=1403 <.001
Weekdays 32(2.1) 3.8(2.2)
(0-7) 230 min.,
mean (SD)

Body massindex (BM1), n (%) n=2473 n=1404 42
Normal weight: 1078 (43.6) 586 (41.6)
BMI <25kg/m?
Overweight: BMI 1097 (44.4) 637 (45.3)
225- <30 kg/m2
Obese: BMI 230 298 (12.1) 184 (13.2)
kg/m?

Alcohol consumption, n (%) n=2473 n=1403 <.001
<1 unitsiwk 702 (28.4) 552 (39.3)
1-7 unitsiwk 1037 (41.9) 569 (40.6)
8-14 units/wk 479 (19.4) 195 (13.9)
15-21 unitsiwk 173 (7.0) 64 (4.6)
222 units'wk 82(3.3) 23(1.6)

Tobacco use, n (%) n=2471 n=1251 <.001
None 1961 (79.4) 889 (71.1)
Occasional 115 (4.7) 79 (6.3)
Atleastoncelwk 395 (16.0) 283 (22.6)

Stress—at home or work, n (%) n=2436 n=1374 <.001
Never 278 (11.4) 194 (14.1)
Some periods 1298 (53.3) 628 (45.7)
Several periods 822 (33.7) 522 (38.0)
Permanent 38(1.6) 30(2.2)

Stress—financial, n (%) n=2432 n=1374 <.001
Little or none 1872 (77.0) 947 (68.9)
Moderate 490 (20.1) 352 (25.6)
High or severe 70 (2.9) 75 (5.5)

Self-rated health, n (%) n=2468 n=1564 <.001
Very good 438 (17.7) 194 (12.4)
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Characteristics

HRA participants

HRA nonparticipants who completed P value

N=2473 guestionnaire
N=1564
Good 1684 (68.2) 1055 (67.5)
Moderate 328(13.3) 272 (17.4)
Bad or very bad 18 (0.7) 43 (2.7)
Absenteeism, n (%) n=2469 n=1374 <.001
0 days 975 (39.5) 462 (33.6)
1-9 days 1194 (48.4) 683 (49.7)
10-24 days 183 (7.4) 117 (8.5)
25-99 days 86 (3.5) 73(5.3)
100-365 days 31(1.3) 39 (2.8)
Work ability n=2466 n=1374
Mean (SD) 8.1(1.4) 8.0 (1.5) 007

8 ducation: Low-lower general secondary/lower vocational ; I ntermediate-higher general secondary/pre-university/intermediate vocational ; High-higher

vocational/university.
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Table 2. Influence of demographics, health, and work-related factors on HRA participation.

Niessen et d

Characteristics OR? 95% CIP
Age 10 yr intervals 1.127 0.961 - 1.322
Male gender 0.884 0.661 - 1.181
Education® Lowd

Intermediate 1.203 0.813-1.780

High 0.919 0.618 - 1.365
Physicd activity Days per week =30 min.(0-7) 0.843 0.793 - 0.895
Body massindex (BMI) Normal weight: BMI <25 kg/m2d

Overweight: BMI =25 - <30 kg/m2 0.893 0.674-1.185

Obese: BMI =30 kg/m? 0.938 0.610- 1.441
Alcohol consumption <1 units per week®

1-7 units per week 1.447 1.074 - 1.949

8-14 units per week 1971 1.318 - 2.947

15-21 units per week 2.224 1.210- 4.088

222 units per week 3.372 1.317 - 8.632
Tobacco use Noned

Occasional 0.303 0.186 - 0.494

At least once aweek 0.645 0.461 - 0.903
Stress—home or work Never®

Some periods 1.618 1.081-2.421

Severa periods 1.467 0.950 - 2.226

Permanent 1.505 0.534 - 4.240
Stress—financial Little or none®

Moderate 0.777 0.571 - 1.056

High or severe 0.650 0.329 - 1.282
Self-rated health Very good”

Good 0.711 0.489 - 1.035

Moderate 0.567 0.344 - 0.935

Bad or very bad 0.251 0.077 - 0.812
Absenteeism 0 daysd

1-9 days 0.851 0.642-1.128

10-24 days 0.719 0.442-1.172

25-99 days 0.751 0.390 - 1.446

100-365 days 0.480 0.177 - 1.302
Work ability (0-10) 1.014 0.919 - 1.120

80R: odds ratio

bCI: confidence interval

CEducation: Low-lower general secondary/lower vocational; Intermediate-higher general secondary/pre-university/intermediate vocational ; High-higher

vocational/university.
dReference category
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Figurel. Study flow chart.
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Discussion

Principal Resultsand Comparison With Prior Work

In this study, we evaluated the determinants of participation in
a Web-based HRA by comparing participants and
nonparticipants with regard to demographics, health behavior,
self-rated health, and work-related factors. We found evidence
of hedth-related participation, as workers who were more
willing to participate in the HRA engaged in physical activity
less frequently, consumed more acohol, and more frequently
experienced some periods of stress at home or work.
Nonparticipants rated their overall health less positively and
used more tobacco.

Participation in the HRA (31.9%) was similar to the response
to the nonparticipant questionnaire (27.2%). The crude analysis
pointed towards higher participation among older employees
and females. These demographic differences were no longer
present in the multivariate analysis. Therefore, the Web-based
delivery of the WHPP did not result in selective participation
by more highly educated, female, or older employees, which
could be explained by the high Internet penetration (94%) in
the Netherlands [28]. Although other studies have shown no
consistent effect of age on participation [3,15], ameta-analysis
performed by Robroek and colleagues (2009) found that women
are more likely to participate in WHPPs than men [3]. Also,
thus far anumber of studies have shown fairly consistently that
there is lower participation among employees of lower
socioeconomic status [14,15,29-33].

The current study found a strong association between physical
activity and HRA participation. Thelikelihood of participating
in the HRA increased as the number of weekdays an employee
engaged in physical activity decreased. This result seems to
indicate that employees who engage less in physical activity
want to know about their state of health, and that those already
engaged in frequent physical activity find it less important to
participate. However, reports on the influence of physical
activity on participation have not been consistent, with some
studies pointing towards higher participation in WHPPs among
the less physically active [30,34] and other studies indicating
higher participation among those with low fitness risk [34] or
above-average levels of both habitual activity and physical
fitness [35].

Participation in the HRA in our study was also associated with
alcohol consumption. Higher weekly alcohol consumption
increased the likelihood of participating in the HRA. This
finding might be explained by the nonstigmatizing way of
addressing alcohol consumption through the Internet. No
association between excess acohol consumption and
participation wasfound in arecent study of aWeb-based WHPP
[36] or other studies of WHPPs[37].

Inthe current study, employeeswho experienced stressat home
or at work during the prior year were more likely to participate
in the HRA. Two other studies evaluated this association and
found similar results [38,39]. These findings suggest that the
HRA reaches an important group of workers, as workers under
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psychological strain are especially vulnerable to absenteeism
and disability [40].

We showed that individualswho rated their health as* moderate”
or “bad/very bad” were less likely to participate in the HRA.
Self-rated health is associated with physical and mental
functioning [18]. In the long run, it is a robust predictor of
all-cause mortality and morbidity, and mortality in a range of
conditions including cardiovascular disease and cancer [18]. A
more immediate association between self-rated health and
self-reported absenteeism in the preceding year was found in
the current study. Because of these associations, the lack of
participation among empl oyeeswith less-than-positive self-rated
health could be interpreted as a general indication that less
healthy employees are less likely to participate. One possible
reason for this could be that theseindividuals are currently under
treatment for aphysical or mental condition. Receiving current
medical treatment is an important reason for nonparticipation
in WHPPs[38] and was found to be related to nonparticipation
in this particular HRA [41]. One could argue that participating
in a WHPP is less relevant for those receiving treatment.
However, WHPPs and especially broad-based HRAs are
designed to screen for a range of chronic diseases and health
behaviors, and these programs are likely to benefit individuals
who are already receiving medical treatment in other, potentially
isolated, areas of health care. Moreover, not everyone with
negative self-rated health is receiving medical care. Another
reason for lower participation among employees with lower
self-rated health could be less healthy employees’ desireto keep
their private life and their work life separate. One study found
indications that employeeswith unhealthy lifestyles or who are
in poor health are more likely to resist employer interference
with employee health [42]. Lower participation among
employees with negative self-rated health has been reported in
an earlier study on this HRA [41] and other WHPPs [14], but
these reports are not consistent [43].

Our study addsto thefairly consistent reportsthat tobacco users
arelesslikely to participate in WHPPs [30,33,37,38,44]. Most
tobacco usersarewell aware of their habit's adverse effectsand
may find they can foresee the outcome and recommendations
if they participate in a WHPP. They may find the prospect of
such recommendations patronizing and are probably already
being confronted with the negative reactions of others in the
workplace or at home asaresult of their habit. Inthe HRA under
investigation, tobacco users are not encouraged to feel “ guilty”
or otherwise “pressured” to quit. Intrinsic motivation is
recognized asanecessary ingredient for lasting behavior change.
Their freedom of choice is affirmed: he or she is respectfully
informed of the health benefits of smoking less or quitting and
offered resources for bolstering resolve and self-confidence to
become smokefree. However, it is unlikely that the
nonjudgmental aspect of this program was communicated to
employeesprior to their decision of whether or not to participate
inthe HRA.

This is the second study to evaluate participant characteristics
of the HRA, the Prevention Compass. Our study, conducted
with anew cohort, addressed two major limitations of the earlier
study, which was reported on in 2011 [41]. First, in the 2011
study, only 14% of the nonparticipants completed the online
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guestionnaire, which formed the basis for the comparison
between nonparticipants and participants. Asaresult, selection
bias could have influenced the findings reported in that study.
Thisis hinted at by the substantia difference in reported age
between questionnaire responders and nonresponders. Second,
we used multivariate analysisin our study. Thishasthe obvious
advantage of being able to control for confounding by all other
potential determinants. For example, in the 2011 study, it was
reported that older employees were likely to participate in the
HRA. Also, less self-reported absenteeism was found among
participants. We found similar results in the crude analysis of
our data. However, in the multivariate analysis, neither age nor
absenteeism were dtill significant determinants. Two of the
independent determinants of participation found in the current
study—physical activity and alcohol consumption—were not
evaluated in the earlier study.

In addition to individual characteristics, program and
organizational factors have been linked to participation in
WHPPs [37]. Offering financial incentives is one of these
factors. Not surprisingly, these incentivesincrease participation,
but one can wonder whether such an external motivator helps
to bring about lasting health-behavior change [45]. One of the
few studies that investigated the influence of other
organizational factors reported a 13% increase in participation
in companies with a strong communication strategy [45]. This
refers to the extent to which a strategic, comprehensive,
integrated communications plan with multiple communications
piecesand delivery channelstail ored to the employee population
is used by companies that offer WHPPs to their work force.
Differences in communications strategy during the process of
invitation to and inclusion in the HRA could have accounted
for some of the variety in participation among the five
organizations in the current study. For instance, among the
participating organizations in our study, the university medical
center had the highest participation (51.7%). In this organization,
participation was actively encouraged by upper and middle
management, and the HRA was highlighted in the in-house
magazine.

By extension, the recruitment message used by organizations
can result in sel ection among parti cipants: whereas Organization
A may emphasize one specific feature of the WHPP (eg,
“increase your vitality by participating”), Organization B may
emphasize another (eg, “screening for health risks”). Following
this line of reasoning, the lack of consistent reports in the
literature on most individual characteristics of participation may
have been caused in part by the widely varying content of
recruitment messages. Future research into the reach of WHPPs
should consider these and other communi cation aspects. Based
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on the combined insight of individual and organizational
characteristics of participation, framing the recruitment message
could proveto be an essential tool for companiestrying to reach
employees with specific risk profiles.

Strengthsand Limitations

A limitation of the current study is the low response of the
nonpartici pantsto the nonparticipant questionnaire. Othershave
been confronted with comparablelimitations[36,41]. Individuals
who areunwilling to participatein aprogram area so lesslikely
to respond when asked to participate in a derivative of that
program, which in our study was the request to complete a
nonparticipant questionnaire. However, in our study,
guestionnaire responders were of the same age and gender as
those who did not respond. Therefore, it is less likely that the
reported results have been influenced by selection bias. A
strength of the current study isthelarge size of our study cohort.

No individual characteristics were available for dropouts other
than age and gender. This is also a limitation of the current
study. Although the number of dropouts (7.9%) was relatively
low, their inevitable exclusion from the participant group could
have had some influence on the reported findings.

Except for age and gender, which were available from the HRA
invitation lists for nearly all (>99.5%) invitees, data on other
individual characteristics were collected differently for
participants and nonparticipants. For participants, data were
collected from the Web-based health questionnaire component
of the HRA as part of a larger set of health data collected to
generate a persona health report. A separate, short online
guestionnaire was created to collect data on individual
characteristicsfrom the nonparti cipants. Some might argue that
this divergencein data collection threatens the reliability of the
reported findings. However, we estimate this effect to be small,
as both participants and nonparticipants completed a set of
guestions online that wereidentical with respect to theindividual
characteristics used in this study.

Conclusion

This study showed health-related participation in a Web-based
HRA. With regard to isolated health behaviors (insufficient
physical activity, excessalcohol consumption, and stress), those
who could benefit most from the HRA were more likely to
participate. Employees who rated their overall health as less
than positive and tobacco users were less likely to participate.
Web-based delivery of the WHPP did not result in selective
participation by more highly educated, female, or older
employees.
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Abstract

Background: Generic fully automated Web-based self-management interventions are upcoming, for example, for the growing
number of breast cancer survivors. It is hypothesized that the use of these interventions is more individualized and that users
apply alarge amount of self-tailoring. However, technical usage evaluations of these types of interventions are scarce and practical
guidelines are lacking.

Objective:  To gain insight into meaningful usage parameters to evaluate the use of generic fully automated Web-based
interventions by assessing how breast cancer survivors use a generic self-management website. Final aim isto propose practical
recommendations for researchers and information and communication technology (ICT) professionals who aim to design and
evaluate the use of similar Web-based interventions.

Methods: The BREAst cancer ehea TH (BREATH) intervention is a generic unguided fully automated website with stepwise
weekly access and afixed 4-month structure containing 104 intervention ingredients (ie, texts, tasks, tests, videos). By monitoring
https-server requests, technical usage statistics were recorded for the intervention group of the randomized controlled trial.
Observed usage was analyzed by measures of frequency, duration, and activity. Intervention adherence was defined as continuous
usage, or the proportion of participants who started using the intervention and continued to log in during all four phases. By
comparing observed to minimal intended usage (frequency and activity), different user groups were defined.

Results: Usage statistics for 4 months were collected from 70 breast cancer survivors (mean age 50.9 years). Frequency of
loging/person ranged from O to 45, total duration/person from 0 to 2324 minutes (38.7 hours), and activity from opening none to
all intervention ingredients. 31 participants continued logging in to all four phases resulting in an intervention adherence rate of
44.3% (95% Cl 33.2-55.9). Nine nonusers (13%), 30 low users (43%), and 31 high users (44%) were defined. Low and high users
differed significantly on frequency (P<.001), total duration (P<.001), session duration (P=.009), and activity (P<.001). High
userslogged in an average of 21 times, had amean session duration of 33 minutes, and opened on average 91% of all ingredients.
Signing the self-help contract (P<.001), reporting usefulness of ingredients (P=.003), overall satisfaction (P=.028), and user
friendliness evaluation (P=.003) were higher in high users. User groups did not differ on age, education, and baseline distress.

Conclusions: By reporting the usage of a self-management website for breast cancer survivors, the present study gained first
insight into the design of usage evaluations of generic fully automated Web-based interventions. It is recommended to (1)
incorporate usage statistics that reflect the amount of self-tailoring applied by users, (2) combine technical usage statistics with
self-reported usefulness, and (3) use quditative measures. Also, (4) apil ot usage evaluation should be afixed step in the devel opment
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process of novel Web-based interventions, and (5) it is essential for researchersto gain insight into the rationale of recorded and

nonrecorded usage statistics.
Trial Registration:

Netherlands Trial Register (NTR): 2935; http://www.trialregister.nl/trial reg/admin/rctview.asp?T C=2935

(Archived by WebCite at http://www.webcitation.org/6l kX IADEV).

(J Med Internet Res 2013;15(8):€170) doi:10.2196/jmir.2566

KEYWORDS

usage eval uation; usage statistics; intervention adherence; user groups, exposure; I nternet; Web-based intervention; breast cancer;

log file analysis, website use

Introduction

Background

A growing number of women survive breast cancer treatment
[1]. Theinformation need ishigh in these breast cancer survivors
[2], and 40-49% of women turn to the Internet for information
or support [3-6]. Most breast cancer survivors (70-80%) do not
experience severely elevated levels of distress and are not in
need of intensive therapist-led psychological treatment [7,8].
Therefore, self-guided Web-based therapeutic interventions[9]
seem appropriate to provide easily accessible support to this
large number of women at low health care costs. These unguided
generic Web-based self-management interventions for breast
cancer survivors are emerging and promising [10-12]. However,
research data on the use of these type of Web-based
interventions are scarce and inconclusive.

Better understanding of website use is an essentia step in
explaining how Web-based interventions produce behavior
change and symptom improvement [13]. The technical usage
statistics derived from a website are a representation of the
individual processes by which participants use the intervention
[14]. These statistics enable us to determine the real-life or
observed usage and can be used to cal cul ate adherence rates of
Web-based interventions [15]. In addition, the evaluation of
usage statistics (usage evaluations or logfile analysis) can reveal
important design implications for more effective Web-based
interventions [14].

Usage evaluations have been a relatively new area of interest
in Internet intervention research. The newly proposed
Consolidated Standards of Reporting Trials on eHealth
applications (CONSORT-EHEALTH [16]) include the
recommendation to report usage parameters. However, practical
guidelines are scarce with regard to which usage parametersare
preferred to measure observed usage[14,17]. Systematic reviews
on the use of Web-based interventions reported a variety of
usage statistics, which could be classified into (1) frequency of
use (ie, frequency of logins or visits, mean logins during
intervention, days on which intervention was visited), (2)
duration (ie, length of timelogged in), and (3) activity (ie, page
views or number of unique pages visited, chapters, or modules
completed) [15,18,19]. Thismultiplicity of usage statistics was
also found in usage evaluations of Web-based interventions
specifically designed for cancer survivors [10-12]. Deduced
from these research findings, at least frequency, duration, and
activity should be measured as usage statistics for evaluating
the observed usage in Web-based interventions [19].

http://www.jmir.org/2013/8/e170/

Evaluating the observed usageis especially important in generic
fully automated Web-based interventions. The generic content
of these interventions is offered to a heterogeneous group of
users, and no professionalsare availableto tailor the intervention
to meet the needs of each individual user. Therefore, we propose
the term “self-tailoring” to refer to the degree the user tailors
theintervention and sel ectsthe content that suits his’her personal
situation or needs.

In addition to reporting the observed usage, it is of equal
importance to report the intended usage [16,20]. The intended
usage is defined prior to evaluation of the observed usage and
refersto “the extent to which the developers of theintervention
felt that the intervention should be used to achieve the desired
effect” [20]. Evaluation of both observed and intended usage
can provide insight into whether the intervention was used as
envisioned. By comparing the intended usage to the observed
usage, a priori defined types of users or user groups can be
examined.

Objective

Summarizing, the use of novel generic Web-based interventions
islargely unknown and practical guidelinesfor technical usage
evaluations are lacking. Usage evaluations are especialy of
added value with regard to unguided generic fully automated
interventions. It is hypothesized that the use of these generic
interventionsis moreindividualized and that users apply alarge
amount of self-tailoring to the intervention content. Therefore,
the present study aims to (1) gain insight into which usage
parameters are needed to meaningfully evaluate the usage of
generic fully-automated Web-based interventions, by (2)
investigating in what amount and how breast cancer survivors
use a generic Web-based self-management intervention. Our
final aim is to (3) propose practical recommendations for
researchers and information and communication technology
(ICT) professionals who aim to design and evaluate the use of
similar Web-based interventions.

Methods

Participants

This study focused on the analyses of al participants randomly
alocated to the intervention group of the BREASt cancer
ehea TH (BREATH) randomized controlled trial (RCT). This
two-aam RCT evaluated the efficacy of a Web-based
self-management intervention for breast cancer survivors
compared to care as usual. Full details of the trial design,
eligibility criteria, and patient recruitment have been described
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in the study protocol [21]. All participants were (1) women, (2)
survivors of primary non-metastatic breast cancer, (3) between
2 and 4 months post treatment, (4) Dutch-speaking, with (5)
direct accessto acomputer with Internet connection, and (6) in
possession of an email address.

Intervention

The unguided fully automated Web-based self-management
intervention BREATH is based on cognitive behavior therapy
(CBT) and aimsto foster emotional adjustment after completion
of primary curative breast cancer treatment. For a detailed
description of the intervention and development process, we
refer to the study protocol [21]. In this study, only the details
necessary to comprehend the technical usage evaluation are
reported. The BREATH intervention covers four phases of
recovery after breast cancer, namely Looking Back, Emotional
Processing, Strengthening, and Looking Ahead (for ascreenshot
see Multimedia Appendix 1). The intervention has a fixed
structure with each phase covering 4 weeks. Intervention
ingredients (104 in total) include Information (26 scripts),
Assignment (48 tasks), Assessment (10 tests), and Video (20
ingredients with thematically clustered video clips extracted
from recorded interviews). As aresult of the generic character
of theintervention, the usageisad libitum: participants are free
to select the intervention ingredients that they find useful or
that apply to their persona situation. The first intervention
ingredient of theinterventionisaself-help contract to stimulate
adherence.

Theintervention isfully automated following a stepwise weekly
access. Each week, on Monday, a reminder email is sent that
new information is available. Participants can retrospectively
access intervention ingredients of previous weeks but do not
have accessto forthcoming weeks. In addition to theintervention
ingredients, Distress thermometers [22] are available to track
the course of experienced distress over the 4-month intervention.
Distress thermometers are optional and can be completed with
a maximum of 1 per day. Email was used only for reporting
technical problems with the website. Based on the session
duration of face-to-face CBT, theintended session duration was
a maximum of 1 hour per week. The BREATH intervention
was developed by aclinical psychologist (JBP) and an eHealth
researcher (SWvdB) in close cooperation with ICT professionals
(JFK). A multidisciplinary reading committee (including
patients, oncology professional's, cancer patient organizations,
and patient advocates) reviewed and provided feedback on the
thematic content of the intervention [21].

Usage Data Retrieval

The BREATH intervention was developed within the eHealth
application myTherapy (1PPZ), designed for onlineinformation,
communication, and treatment in health care. User-initiated
activity in the intervention was determined by monitoring
https-server requests. Such requests could be database reads or
writes and were logged for various purposes. Database reads
could be logged for, for example, logins or opening an
intervention ingredient, and database writes for, for example,
adding text to an assignment. In most cases, database reads and
writes included a timestamp derived from time of the server
request. In some cases, timestamps could be combined to

http://www.jmir.org/2013/8/e170/
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calculate duration. Datawere retrieved using logs and database
tables used by the Web application myTherapy. Information
regarding specific activity (eg, intervention ingredients and
internal mail) and user profiles (eg, avatars) was saved or logged
to display information to users of myTherapy. For each
individual user, user-initiated activity was monitored for aperiod
of 16 weeks.

The occasional absence of data (ie, secondsin log out, precise
click path) was in most cases due to design decisions focused
on an operational Web application rather than on research
purposes. In only afew cases, logging of usage data (eg, logins,
login duration) was inaccurate due to rare combinations of, for
example, archaic browser type, browser privacy settings, and
company hetwork settings. To overcomethe problem of patients
who forgot to log out, patients were automatically logged out
after 30 minutes of inactivity on the website (measured as a
30-minute absence of server requests). During the study period,
myTherapy was updated, varying from minor updates (bug
fixes) to major updates (minor template changes, improving
planning and user interface). In particular, between September
2011 and March 2012, myTherapy suffered irregular short
periods of downtime. The total downtime added to less than
1% of the total time.

Outcome M easures. Usage

Freguency, Duration, and Activity

The amount of use of the BREATH intervention was measured
with the usage statistics of frequency, duration, and activity.
Frequency was operationalized as the number of logins per
patient during the 4-month period of the intervention. A login
was defined as every time a patient signed in to the website for
a minimum of 1 minute because no seconds were recorded
concerning the logout time. Two types of duration were
analyzed: session duration and total duration. Session duration
was defined asthe time (start-stop) of one login in minutes: the
time between logging in and logging out. Total duration was
the sum of all sessions per patient in minutes. Activity was
defined as the number of opened intervention ingredients (ie,
scripts, tasks, tests, videos) per patient, with amaximum of 104.

To gaininsight into how patients used the intervention, we also
calculated the distribution (ie, videos, assignments, information,
assessments) of the total opened intervention ingredients per
patient, using an avatar (yes/no), the number of Distress
Thermometers completed, and the number of emails sent to
report technical problems with the website, and whether they
opened the self-hel p contract at the beginning of theintervention
(yes/no) and signed the contract by filling in their name and the
date (considered as actively using the self-help contract).
Following the use of 45 assignments and assessments, users
were asked whether they perceived these ingredients as useful.
This self-reported usefulness was optional to fill in at the end
of the assignment or assessment and scored as useful (1), not
useful (2), or not filled in (0). For each participant, the
proportion of opened ingredients perceived as useful, not useful,
or not filled in was calcul ated.

Last, to evaluate whether the fixed structure was used as such,
we cal culated how many intervention ingredients were opened
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in the phase they were originally planned. To analyze on which
days participants log in to the intervention during the week,
each login was coded into a nominal variable representing
Sunday-Saturday (1-7). Results on how the intervention was
used were reported for low and high users.

I ntervention Adherence and Nonusage Attrition

Inthisstudy, intervention adherence solely referred to the extent
to which participants were exposed to the content of the
intervention, not adherence to research protocol assessments
(eg, filling out questionnaires) [20,23,24]. In addition, nonusage
attrition [24] (or nonadherence) referred to the proportion of
participants who stopped using the intervention over time. In
Internet intervention research, thereisalack of agreement about
which definitions and usage statistics should best be used to
measure adherence or nonusage attrition [15]. In the current
study, intervention adherence was defined as user persistence
or continuous usage: the proportion of patients who started
using the intervention and continued to log in (at least once)
during al four phases. Nonusage attrition was defined as
intermittent usage: the proportion of patients who did not log
in during all four phases of the intervention. Continuous and
i ntermittent usage were measured based on frequency of logins.
For each participant, it was calculated in which phases (1-4)
and weeks (1-16) logins took place.

User Groups

To evaluate how participants used the intervention differently,
user groups were calculated by comparing the intended usage
to the observed usage. The minimal intended frequency of logins
as formulated by the developers of the BREATH intervention
was aminimum of 10 times over the course of the intervention
and was based on the frequency of face-to-face CBT. Also, the
intervention ingredients of 1 week should take a maximum of
1 hour to complete. The minimal intended activity was opening
a minimum of 50% of the total 104 intervention ingredients,
because not al ingredients of the generic intervention will apply
to the personal situation of every user. Table 1 givesan overview
of the classification of four user groups based on minimal
intended frequency and activity. To calculate user groups, the
observed frequency and activity was cross-tabulated within a
4x4 matrix of intended frequency and activity.

van den Berg et al

Outcome M easures; Other

Baseline Survey

At baseline, before randomization, participants of the BREATH
RCT filled in an online survey with questions concerning
sociodemographic characteristics (eg, age, marital status,
children, education, employment status), medical characteristics
(eg, type of adjuvant therapy, use of hormonal therapy), and
psychological questionnaires (for a full overview see [21]).
Education was measured using a 7-point scale [ 25] ranging from
primary education not finished (1) to master’s degree (7). For
this study, with regard to psychological questionnaires, only
the Hospital Anxiety and Depression Scales (HADS) [26] was
reported to assess baseline general distress[27]. Thetotal score
of the HADS (HADS-T) has demonstrated good reliability and
validity in oncology patients [28,29]. A HADST of =11
represented elevated levels of distress indicative for mental
disorders[30].

Evaluation Survey

After the intervention (4 months after baseline), participants
completed an online survey including an evaluation of the
intervention. For the intervention evaluation, two single-item
measures were examined: overall satisfaction (“Which grade
would you give to the overal intervention?’) and user
friendliness (“Which grade would you give to the user
friendliness of theintervention?’). These measures were scored
on a10-point scaleranging from 1 (very bad) to 10 (very good).
For qualitative results, participants were asked to report points
for improvements of the intervention.

Statistical Analyses

All analyses were performed using SPSS 20. For all
nondescriptive outcome measures, the amount, the percentage,
and the Wilson confidence interval (Cl) were reported. Usage
statistics, sociodemographic, and medical characteristics were
not normaly distributed as indicated with the
Kolmogorov-Smirnov test (<0.05) and therefore were first
analyzed using nonparametric tests. To facilitate interpretation,
parametric tests were reported, since results did not differ from
nonparametric tests. Pearson’s correlation coefficients were
reported between technical usage statistics (ie, freguency,
session duration, total duration, and activity) and between usage
statistics and the patient characteristics. To assess differences
between user groups, t tests, Pearson’s chi-square tests, and
Fisher exact tests were conducted. A two-sided a pha=.05 level
of significance was used for all analyses.

Table 1. Classification of user groups based on minimal intended frequency and activity.

Minimal intended frequency

Minimal intended activity

Nonusers 0
Low users 1
Intended users 10
High users 17

0
1%
50%
75%
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Results

Sociodemogr aphic and Medical Characteristics

Seventy participantswere included in the study sample and had
been in the position to log in to the BREATH intervention for
a period of 4 months. Usage statistics were recorded from
November 2010 until August 2012. Of al participants, mean
age was 50.9 (SD 8.31), the mean education level on a 7-point
scale was 5 (SD 1.63), and 1 participant did not have Dutch
nationality. Forty percent of the patientswere employed (28/70),
37% (33/70) received full or partial disablement insurance or
wereon sick leave, 83% of the participants (58/70) were married
or living together with a partner, and 87% of the participants
(61/70) had children. All participants were treated with surgery
and adjuvant therapy for breast cancer: 27% (19/70) received
only chemotherapy, 4% (3/70) received only radiotherapy, and
69% (48/70) received both chemotherapy and radiotherapy. In
addition, 66% of the participants (46/70) received hormonal
therapy during the intervention period. At baseline, 27% of the
participants (19/70) experienced elevated levels of distress based
on HADS-T=11.

Freguency, Duration, and Activity

Participants demonstrated a large variability in intervention
usage over the4 monthsin which theintervention was available.
Frequency ranged from O to 45 logins (mean 11, SD 7), and
10% (7/70) of the participants never logged in to the
intervention. Total duration per participant ranged from O to
2324 minutes (38.7 hours), with a mean total duration per
participant of 337.2 minutes (SD 163.7), which equals 5.6 hours.
The mean of the average session duration per patient was 24.7
minutes (SD 16.1). Activity ranged from opening none to all
intervention ingredients, with a mean of opened intervention
ingredients per participant of 49.9 (SD 42.8), and 13% (9/70)

van den Berg et al

of the participants never opened an intervention ingredient.
Frequency was positively correlated with total duration (r=.83),
session duration (r=.40), and activity (r=.84), and high activity
was associated with alonger total (r=.75) and session duration
(r=.55). All correlations were significant on the P<.001 level.
Correlations between total and session duration were not
calculated because total duration was calculated with session
duration.

With regard to how patients used the intervention, 69% of the
participants (48/70; 95% Cl 56.97-78.24) opened the self-help
contract, and 17% (12/70; 95% CI 10.09-27.62) made use of
an avatar. Of all participants, 63% (44/70) filled in at |east one
Distress Thermometers: median 2 and amaximum of 13. Seven
participants sent emails to the researcher concerning technical
problems with the intervention. There were significant
differences between the login days (P<.001), with 28% (ClI
24.80-31.17) of al logins (n=757) being on the day the weekly
reminder was sent (Monday).

Intervention Adherence and Nonusage Attrition

Figure 1 shows the intervention adherence (defined as
continuous usage) and nonusage attrition (defined asintermittent
usage) based on logins during the four intervention phases. Of
the total sample, 31 participants logged in to the intervention
website during all four phases, resulting in a continuous usage
of 44.3% (95% CI 33.2-55.9). Of these participants, only 6
logged in during all 16 weeks of the intervention.

Seven participants (10%) never logged in to the website and
werethus never exposed to theintervention content. I ntermittent
usage was 45.7% (32/70): 13 participants (18.6%) only logged
in during thefirst phase, and 2 participants (2.9%) only logged
in during the second phase. Nine users (12.6%) logged in during
two of the four phases, and 8 users (11.4%) logged in only
during three phases.

Figure 1. Continuous usage and intermittent usage based on logins during 4 intervention phases (n=70).
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User Groups

This study showed three user groups based on the comparison
of intended versus observed frequency and activity: 9 nonusers,
30 low users, and 31 high users. Seven nonusers never logged
in, and 2 nonusers logged in once but did not open any
intervention ingredients. Only 2 participants met the
classification of intended user as specified beforehand. Not
being considered a substantial group, these 2 intended users
were listed as high users. Low and high users differed
significantly on frequency (P<.001), total duration (P<.001),
session duration (P=.009), and activity (P<.001). Low users
logged in with an average of 3.6 times (SD 2.6) over the course
of the 4-month intervention and had a mean session duration
of 23.5 minutes (SD 12.3). The mean total duration that low
users spent on the websitewas 81.1 minutes (SD 75.5) inwhich
they opened a mean of 18.8/104 ingredients (SD 17.2). High
users logged in with an average of 21 times (SD 9), which is
more than once aweek, and had amean session duration of 32.8
minutes (SD 14.4). The mean total duration that high users spent
on the website was 682.7 minutes (SD 443 minutes), which
equals 11 hours and 22 minutes. During this time, high users
opened on average 91% of al intervention ingredients (mean
94.5/104 ingredients, SD 12.8).

Group characteristics of the three user groups are reported in
Table 2. On basdline distress, sociodemographic, and medical
characteristics, no significant differences were found between
nonusersversus users (low and high users), and low usersversus
high users.

With regard to how the intervention was used, high users
completed significantly more Distress Thermometers (mean 5,
SD 2.5) compared to low users (mean 1, SD 1.5; P<.001). In
addition, all high users (100%; 31/31) opened the self-help
contract at the beginning of theintervention, versus 57% (17/30)

van den Berg et al

of thelow users (P<.001). Following the opening of the self-help
contract, 84% (26/31) of the high users also signed the contract
versus 53% (9/17) of the low users (P<.001).

Self-reported usefulness was gathered for the majority of the
intervention ingredients that required active input from users
(assignments and assessments). The proportion of opened
ingredients perceived as useful was higher in high users (mean
67%, SD 21%) compared to low users (mean 44%, SD 25%;
P<.001). High users filled in the self-reported usefulness
significantly more often than low users (mean proportion not
filled 16%, SD 17%, versus mean 36%, SD 29%; P=.003). The
proportion of opened ingredients reported as not useful waslow
and did not differ between high users (mean 18%, SD 18%) and
low users (mean 21%, SD 20%; P=.557).

With regard to following the fixed structure, low users opened
19.7% of the intervention ingredients in a later phase than the
ingredients were planned. High users followed the structure
more and opened only 5.7% of the intervention ingredientsin
alater phase. The standard intervention distribution of the 104
ingredients was 46% assignments, 25% information, 19%
videos, and 10% assignments. Figure 2 displaysthe distribution
of intervention ingredients for each participant. Both low and
high usersdid not show astrong preferencein thetype of opened
intervention ingredients, for example, opening only videos. The
proportion of opened assignments (40% vs 45%; P=.178),
information (26% vs 25%; P=.850), and videos (21% vs 20%;
P=.653) did not differ between low and high users. Low users
opened proportionally more assessments compared to the high
users (15% vs 10%; P=.036). However, this was related to the
fact that all assessments were in the first two phases and low
users opened predominantly ingredients in these first phases of
theintervention. Last, high and low usersdid not differ on using
an avatar or sending emails to the researcher about technical
problems.

Figure 2. Distribution of total opened intervention ingredients per participants (n=70).
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Table 2. Group characteristics (sociodemographic, social, medical) and baseline distress of the three user groups (n=70).

Nonusers (n=9) Users (n=61) P value
Characteristics Low users(n=30) High users Low vs high
(n=31) users

Age, mean (SD) 51.9(7) 51.83 (8.73) 49.7 (8.3) 330
Education (1-7), mean (SD) 5(13) 49(15) 5.2(1.3) 362
Married/cohabiting, n (%) 6 (66.7) 27 (90) 25 (80.6) AT°
Children, n (%) 8(88.9) 28 (93.3) 25 (80.6) 26°
Employment

Paid job, n (%) 2(22.2) 14 (46.7) 12(38.7) 53¢

Disablement insurance act or sick leave, n (%) 5 (55.6) 10 (33.3) 18 (58.1) 053¢
Adjuvant treatment

Both chemotherapy and radiotherapy, n (%) 6 (66.7) 22 (73.3) 20 (64.5) 469

Hormonal therapy, n (%) 8(88.9) 16 (53.3) 22 (71) 169
Basdline distress

HADS-T%aseline, mean (SD) 10.6 (11.1) 8.6 (5.8) 9.1(6.1) 75°

HADS-T= 11, n (%) 4(44.4) 9(30) 10 (32.3) 854

8HADS-T=Hospital Anxiety and Depression Scale-total score.
by ndependent samplest test.

CFisher’'s exact test.

9Pearson chi-Square.

Evaluation Survey

Post-intervention evaluation surveys were filled in by 20 low
users and 30 high users. Two nonusers erroneoudy filled in
evaluation surveys, but since they were never exposed to the
intervention, these were left out of the analyses. High users
evaluated both overall satisfaction (mean 7, SD 1.20 vs mean
5.75, SD 2.20; P=.028) and user friendliness (mean 7.27, SD
1.34 vs mean 5.58, SD 1.18; P=.003) significantly higher than
low users. Twenty-five participants (11 low users and 14 high
users) actively stated points for improvements to the
intervention. The top three points for improvements were (1)
possibility to get access to the intervention sooner after
completion of breast cancer treatment (6/25, 24%), (2) lack of
practical information (eg, on prostheses, wigs, bras; 4/25, 16%),
and (3) poor user friendliness of logging in (security code sent
to mobile phone; 3/25, 12%).

Discussion

Summary

The current formative usage evaluation of a self-management
website for breast cancer survivors illustrated the supposed
diverse and individualized usage of generic fully automated
Web-based interventions. Evaluation of only the amount of
usage on group level did not provide a valuable representation
of the real-life exposure to the generic self-management
intervention. Usage data on how the intervention was used
proved to be informative and reveal ed that 44.3% of the women

http://www.jmir.org/2013/8/e170/

continued using the BREATH-intervention over the 4-month
period. Also, the comparison of intended versus observed usage
showed three different user groups. A small proportion of
participants were never, or only once, exposed to the
intervention and were classified as nonusers. Whiletheintended
user group proved to be nonsubstantial, two equally large groups
of active users were defined: low users and high users. Apart
from the significant differencesin usage statistics, low and high
users were found to have a distinctive way of how they used
the intervention. High users had a more homogeneous and
consistent usage compared to low users. High users exceeded
theintended frequency and activity, signed the self-hel p contract
a the beginning of the intervention, and followed the fixed
time-locked structure of the intervention. Although technical
usage statistics did not provide information on the amount of
self-tailoring users applied after they opened intervention
content, dataon self-reported useful ness showed that high users
perceived the majority of opened intervention ingredients as
useful. User groups did not differ in pre-intervention distress,
sociodemographic, or medical characteristics.

The choice, or technical availability, of usage statistics playsa
crucia part in usage evaluations and poses hazards to
misinterpretations. For example in this study, solely based on
the finding that high users opened amost al intervention
ingredients could lead to the premature conclusion that all
ingredients were useful to these participants. The fact that on
group level, no preferences were found in opening intervention
ingredients could add to this misinterpretation. However, based
on technical usage data, it was not possible to conclude that
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high users valued al ingredients equally, since data on
re-opening intervention ingredients were lacking. Data on
self-reported usefulness provided this missing information and
proved to be essential in making conclusions about how users
self-tailored the content of this generic self-management
intervention. In contrast to low users, high users consistently
reported about the usefulness of intervention ingredients, and
they perceived the majority of opened intervention content
useful. Therefore, we concluded that high users actively used
the full intervention content.

We also concluded that high users self-tailor loginsto their own
timetable instead of logging in during each intervention week.
This was based on the finding that only 6 high userslogged in
during all 16 weeks. This sheds new light on the mean frequency
of logins of 21 times of the high users. Apparently, high users
do not log in during some weeks but catch up during the next
week by returning to the website several times that week.
Combined with the knowledge that high users follow the
phase-structure when it comes to opening intervention
ingredients in the planned phase, this might imply that
time-locks can be broader in the future. Session duration was
around 30 minutes in both low and high users and was lower
than the maximum intended session duration of 1 hour, which
implies that the natural session duration of the
BREATH-intervention is half an hour.

Intervention Adherence

As aresult of the lack of agreement about how best to define
and measure adherence, we have chosen to define intervention
adherence as continuous usage based on frequency of logins.
In order to betransparent, we consistently reported “ continuous
usage’ throughout the current manuscript or provided our
operationalization in addition to adherence: “intervention
adherence (continuous usage)”. In asystematic review, Donkin
et al [15] found that most studies on Web-based interventions
reported adherence based on frequency of logins. However, it
is recommended to use a composite measure encompassing a
variety of usage statisticsfor the calculation of adherence [15].
High correlations found between frequency, total duration, and
activity in the present study suggest that these three usage
statistics measure a similar construct of continuous usage and
are therefore interchangeable in analyses of adherence in this
study. Whether they are also interchangeable in the analyses of
effectiveness needs further research, since Donkin et a [15]
found that activity (defined as completion of modules) was most
consistently related to outcomes in psychological health
interventions. Confirmed by other studies [31], in the current
usage evaluation duration was found to be the least precise and
therefore least reliable usage statistic. Sinceit isunknown what
users do when a website is opened on their computer screen,
time spent on a website provides the least reliable estimation
of exposure to an intervention content.

Information on both adherence and nonusage attrition can be
similarly informative in future evaluations of effect. Previous
research has demonstrated that nonadherers can benefit equally
as adherers from the intervention content they completed [32].
In the current study, it is possible that the participants who
logged in continuously or intermittently during three out of four

http://www.jmir.org/2013/8/e170/
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phases, experienced an early effect, which made further use of
the intervention redundant. Different factors may predict
intervention adherence in Web-based interventions [13], such
as support provided by atherapist or coach [18,33], intervention
characteristics, being studied in the context of aRCT design, a
high frequent intended usage, and the use of persuasive
technology [20]. Sending email remindersis part of persuasive
technology [34]. The positiveinfluence of sending weekly email
reminders on intervention adherence (in the current study
defined as continuous usage) was confirmed by the fact that
28% of all logins were on the same day the email reminder was
sent. Email reminders were standard, but every month the
reminder contained a preview of theintervention content of the
upcoming 4 weeks, which might also have had a beneficial
effect on revisiting the intervention [35].

Predictors of Usage

In this study, user groups only differed in usage statistics, which
ishow they were classified. With regard to how theintervention
was used, high users signed the self-help contract more often
and reported more consistently on the usefulness of ingredients
compared to low users. However, in the current study we lacked
data to know the causality of these findings. At this moment,
we do not know whether signing the self-help contract and
reporting usefulness are predictors of high use, or whether high
use predicts signing the self-help contract and reporting
usefulness. More research is needed to determine whether and
how intervention characteristics (such as a self-help contract)
or user characteristics (such asmotivation, positive expectations)
can influence high usage.

In addition, no specific sociodemographic, medical or personal
characteristics were found that distinguished between user
groups, supporting our hypothesisthat the present generic fully
automated intervention could be acceptable for a broad range
patients. However, thisalso led to alot of unanswered questions
about possible predictors of usage. It is possible that other
characteristics not taken into consideration in the present study
predict who is going to be a low or high user. For example,
information on pre-intervention needs was lacking. Although
distresswas not rel ated to the observed usage, distress screening
does not uncover unmet needsin posttreatment cancer survivors
[36]. Other possible predictors of usage could be computer
experience, socia support, or illness burden. In a Web-based
illness management support system for breast and prostate
cancer patients (WebChoice), the level of computer experience
proved to be a predictor of use, whereas|ow social support and
high illness burden were associated with high use of specific
intervention components [37]. Another explanation for the
absence of predictors could be that the usage behavior itself
predicts whether users continue to use the intervention or do
not log in again.

Pitfallsand Limitations

The most important pitfall of the current study was the absence
of usage data on rewvisiting or re-opening intervention
ingredients due to design decisions focused on the intervention
website being operational. Asaresult, welacked technical usage
infformation on patient preferences of certain types of
intervention ingredients after their first opening. Data on
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self-reported usefulness provided nontechnical data on this
matter and alowed us to make some statements about
self-tailoring.

The current study also lacked essential qualitative knowledge
about reasons to stop or continue using the intervention. For
example, in this study overall satisfaction and user friendliness
evaluation of the intervention was higher in high users, but the
causality of thisfinding needs further qualitative investigation.
Stopping with the intervention might be negatively related to
characteristics of thewebsite (eg, user friendliness, appearance),
the content of the intervention (eg, did not meet the patients
needs), or the patient (eg, too burdensome, concurrent life
events).

Recommendations for Researchersand ICT
Professionals

Based on the pitfalls encountered in the current study we
formulated the following recommendations for researchersand
| CT-professional s conducting usage eval uations of generic fully
automated Web-based interventions. First, choose usage
statistics that give insight into the amount of self-tailoring that
participants apply to theintervention content and structure. This
implies to record both singular usage statistics (freguency,
duration, activity) and composite usage statistics (time spent
per ingredient, click-patterns, re-opening, or span of use [14]).
Second, combine technical usage statistics with self-reported
usefulnessto gain additional information on specific intervention
components. The question of whether an intervention component
is useful or not is easily implemented at the end of each
component and takes little effort for participants. In case of
missing technical data, self-reported usefulness can provide
valuableinsight in the amount of self-tailoring applied by users.
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Third, combine technical usage dtatistics with qualitative
measures (such as semistructured tel ephoneinterviewsor online
focus groups) for a comprehensive usage evaluation. Fourth,
conduct apilot usage evaluation with avariety of usage statistics
as afixed step in the iterative development process of Internet
interventions. This way, decisions can be made about which
usage statistics should meaningfully be taken into account, or
left out, in the final evaluation of usage. Last, gain insight into
the rationale of recorded and nonrecorded usage statistics.
Researchers with basic knowledge of ICT combined with ICT
professional s with basic knowledge about conducting research
facilitate effective communication and clear agreements about
usage evaluations.

Conclusion

This study underscores the added value of evaluating usage
statistics of generic Web-based interventions as a readlistic
estimation of exposure to intervention content. To the best of
our knowledge, the present study gained first insight into the
design of technical usage evaluations of generic fully automated
Web-based interventions. Overal, and in concordance with
research on more interactive eHealth applications [38], results
suggest that investigating how generic fully automated
Web-based interventions are used is far more informative than
the amount of exposure. Usage statistics should be chosen
accordingly. Further, it isrecommended to collect both singular
and composite usage stati stics, include self-reported usefulness,
and to pilot test a variety of usage statistics to aid decision
making of meaningful usage parameters. Last, shared knowledge
about ICT and conducting research is helpful in developing a
meaningful rationale of technically recorded usage statistics of
generic Web-based interventions.

Multimedia Appendix 1

Screenshot of the Web-based non-guided self-management intervention BREATH (in Dutch).
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Abstract

Background: Chronic pain, especially back pain, is a prevalent condition that is associated with disability, poor health status,
anxiety and depression, decreased quality of life, and increased health services use and costs. Current evidence suggests that
exercise is an effective strategy for managing chronic pain. However, there are few clinical programs that use generally available
tools and arelatively low-cost approach to help patients with chronic back pain initiate and maintain an exercise program.

Objective: The objective of the study was to determine whether a pedometer-based, Internet-mediated intervention can reduce
chronic back pain-related disability.

Methods: A parallel group randomized controlled trial was conducted with 1:1 allocation to the intervention or usual care group.
229 veterans with nonspecific chronic back pain were recruited from one Department of Veterans Affairs (VA) health care system.
Participants randomi zed to theintervention received an uploading pedometer and had accessto awebsite that provided automated
walking goals, feedback, motivational messages, and social support through an e-community (n=111). Usual care participants
(n=118) also received the uploading pedometer but did not receive the automated feedback or have access to the website. The
primary outcome was measured using the Roland Morris Disability Questionnaire (RDQ) at 6 months (secondary) and 12 months
(primary) with a difference in mean scores of at least 2 considered clinically meaningful. Both a complete case and all case
analysis, using linear mixed effects models, were conducted to assess differences between study groups at both time points.

Results. Baseline mean RDQ scores were greater than 9 in both groups. Primary outcome data were provided by approximately
90% of intervention and usua care participants at both 6 and 12 months. At 6 months, average RDQ scoreswere 7.2 for intervention
participants compared to 9.2 for usual care, an adjusted difference of 1.6 (95% Cl 0.3-2.8, P=.02) for the complete case analysis
and 1.2 (95% CI -0.09to 2.5, P=.07) for the all case analysis. A post hoc analysis of patientswith baseline RDQ scores >4 revea ed
even larger adjusted differences between groups at 6 monthsbut at 12 monthsthe differenceswere no longer statistically significant.

Conclusions: Intervention participants, compared with those receiving usual care, reported agreater decrease in back pain-related
disahility in the 6 months following study enrollment. Between-group differenceswere especially prominent for patientsreporting
greater baseline levels of disability but did not persist over 12 months. Primarily, automated interventions may be an efficient
wal to assist patients with managing chronic back pain; additional support may be needed to ensure continuing improvements.

Trial Registration: ClinicalTrials.gov NCT00694018; http://clinicaltrials.gov/ct2/show/NCT00694018 (Archived by WebCite
at http://www.webcitation.org/6l sG4Y 90E).
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Introduction

Low back pain is a significant heath problem with
approximately one-half of adults reporting back pain during a
given year [1-3]. Low back pain that persists for longer than 3
monthsis considered chronic [4], and thelonger the pain persists
the greater the risk for long-term disability [5]. Chronic back
pain is associated with functional limitations, social isolation,
unemployment, and lost productivity [5-7], making it one of
the most costly health conditions in the United States [8-11].

Exercisetherapy has proven benefits for managing chronic back
pain [12-14]. Specifically, exercise can prevent recurrence,
reduce pain, improve function, and decrease disability for
patientswith chronic back pain[12,13,15-19]. It isalso generally
recognized that, to be effective, patients have to be willing and
able to perform the recommended exercise and for continuing
benefits remain adherent to the exercise program [18,20,21].
However, there are few efficient and effective strategiesto help
patients engage in exercise therapy for managing their chronic
low back pain.

Internet-based programs are an increasingly popular option for
promoting healthy behaviors, such as those related to diet and
exercise, and for delivering behavior change interventions
[22-24]. Studies have shown that the Internet can be used to
successfully promoteweight loss[25], increase physical activity
[26], and improve patient self-activation [27] or
self-management behaviors [22]. Studies of Internet-based
interventionsfor pain, while somewhat limited, show agenerally
positive effect on pain levels and, to some extent, activity
[27-30]. No studies, however, have focused primarily on
exercise to reduce pain-related disability and improve patient
function.

We conducted a randomized trial to investigate whether a
pedometer-based, Internet-mediated intervention designed to
assist patientswith initiating and maintaining aregular walking
program would reduce pain-related disability and functional
interference among patients with chronic back pain at 6 months
and over a 12-month timeframe.

Methods

Design Overview

We conducted aparallel group randomized controlled trial with
participants allocated in a 1:1 ratio to the intervention or
enhanced usua care (NCT00694018). This research was
approved by the Department of Veterans Affairs (VA), Ann
Arbor Healthcare System ingtitutional review board. The study
protocol, including conceptual framework, isdescribed in detail
elsewhere [31], with key elements summarized below. There
were no significant changes in methods following study
initiation.

http://www.jmir.org/2013/8/e181/

Setting and Participants

Participants were recruited from one VA Healthcare System
between May 2009 and March 2011. Eligible participants were
aged 18 years or older and identified through provider referrals
to back class and use of the VA electronic medical record
system. Specifically, we identified patients who had 2 or more
outpatient encountersin the previous 12 monthswith adiagnosis
of back pain with no neurologic findings (ICD-9-CM codes
724.2, 724.5, 846.0-846.9).

Study staff used a standardized protocol to screen potential
participants by phone or, for a minority of patients who could
not be reached by phone, in person when they arrived for back
class. Eligibility criteriaincluded: (1) persistent back pain >3
months, (2) self-reported sedentary lifestyle (defined as <150
minutes of physical activity per week in accordance with the
US Department of Health and Human Services 2008 Physical
Activity Guidelines for Americans [32]), (3) weekly access to
a computer with a USB port and Internet access, (4) ability to
provide written informed consent and communicatein English,
(5) community residence, (6) ability to walk at least one block,
and (7) report they are not pregnant. Prior to participation, all
eligible patients had to attend back class and obtain medical
clearance. Back class, led by a physical therapist, provided
general education about managing back pain. Participants also
performed back-specific strengthening and stretching exercises
under the supervision of a physical therapist.

Eligible participants then attended a study enrollment session
at which timethey provided written informed consent and were
told they were helping test an I nternet-based program and would
be assigned to one of two groups:. (1) an enhanced care group
that would upload pedometer data weekly and have accessto a
study website and computer discussion group (Internet support
group), or (2) ausua care group that would upload pedometer
datamonthly (monthly upload group). All participantsreceived
an uploading pedometer (the Omron HJ-7201 TC, which stores
42 days of step-count dataand has an embedded USB port [33]),
along with general guidance on using the pedometer and
instructions for logging onto and uploading data to the study
website. To establish a baseline step count that was not
influenced by use of the pedometer information, participants
were instructed to wear their pedometer for 7 days with the
display covered before completing their first upload.

Randomization

After completing the baseline survey, uploading 7 days of
useable pedometer data, and receiving medical clearance, each
participant was randomly allocated in a 1:1 ratio to the
intervention or usual care group by a computer program (using
a random number generator). The program also generated an
email message to inform participants about their group
assignment (Internet support or monthly upload) and instructions
to remove the sticker covering the pedometer display.
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Intervention

The study intervention, based on the Stepping Up to Health
program [31,34], consisted of three primary components. (1)
the uploading pedometer, (2) awebsite that provided automated
goal setting and feedback, targeted messages, and educational
materials, and (3) an e-community [31] (see Multimedia
Appendix 1). The conceptua framework and more detailed
description of the intervention components are published
elsewhere [31]. Briefly, participants were instructed to wear
their pedometer from the time they got up in the morning until
they went to bed. I ntervention participants then received weekly
email remindersto upload their pedometer data, which wasused
to establish weekly individualized walking goals. Each
participant’s goal was based on their average total step count
in the prior week with a fixed number of steps (800) added to
promote a gradual increase in walking for the following week.
The step count goal was emailed to the participant each week
and posted on the study website.

The study website, which was fully accessible to intervention
participants, also included graphical and written feedback about
their progress toward their walking goals and contained pain-
or activity-related motivational and informational messages.
These messagesincluded quick tips, which changed every other
day, and weekly updates about topics in the news. Back class
materials, which included handouts about topics such as body
mechanics, use of cold packs, lumbar rolls, and good posture,
as well as a video demonstrating specific strengthening and
stretching exercises were also available on the website. Finally,
the website based e-community or forum allowed participants
to post suggestions, ask questions, and share stories. Topics
discussed included mental health concerns, such as depression,
strategies for walking such as walking the dog or interesting
hiking trails, walking during hot weather and cold weather, and
use of alternative pain management strategies such as massage.
Research staff participated in and monitored the forum posts as
well as used the forum as a venue to generate competitions to
encourage meeting walking goals.

Enhanced Usual Care

Usual care participants also received the uploading pedometer
and monthly email reminders to upload their pedometer data.
However, they did not receive any goals or feedback and their
access to the study website was limited to completing surveys
and reporting adverse events only.

Monitoring of Adverse Events

Both groupswere encouraged to report any health problemsvia
the website, email, or phone. Four weeks after randomization
and every 8 weeks thereafter, participants were prompted to
complete asurvey that asked about specific adverse events (eg,
heart attack) and symptoms such as shortness of breath. This
information was closely monitored and participants with
potentially serious health-related problems were contacted for
further assessment and follow-up.

Outcomes and Follow-Up

Outcomeswere measured at baseline, 6 months, and 12 months
using a survey administered through the study website, or by a
mailed questionnaire if the participant could not complete the
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computerized instrument. The prespecified primary outcome
was pain-related disability at 12 months, as measured using the
back pain-specific Roland Morris Disability Questionnaire
(RDQ) [35], and a generic pain-related function measure from
the Medical Outcomes Study (MOS) [36]. The RDQ, a24-item
scale with higher scores indicating greater disability, has been
widely used in back pain studies as ameasure of self-perceived
disability [35,37-39]. The MOS measure assesses the effect of
pain on mood and behaviors aswell as pain severity, with higher
scores also indicating greater functional interference [36].

Pain intensity, a secondary outcome, was evaluated using a
numeric rating scale with standard anchors (0="no pain” and
10="worst pain imaginable”) [40]. Walking, also a secondary
outcome, was measured as the average number of steps per day
over the past 7 days using step-count data collected through the
pedometer uploads. Other secondary outcomes included
pain-rel ated fear-avoidance, measured using the Fear-Avoidance
Beliefs Questionnaire physical activity subscale (higher scores
reflect higher levels of fear-avoidance) [41], and self-efficacy
for exercise, measured using the Exercise Regularly Scale, with
higher scores indicating higher levels of self-efficacy [42].
Additional datacollected at baselineincluded age, gender, race,
employment status, education level, relationship status, average
household income, body mass index, and use of narcotic
medications for pain management. An administrative interface
to the website provided data on the number of pedometer
uploads and website log-ins.

Sample Size

Sample size was based on the RDQ score as the primary
outcome with aminimally detectable and clinically meaningful
effect size determined as a difference of 0.4 standard deviation
(SD) in change scores or a 2-point difference, based on
published data[38,43,44]. To detect adifference of 0.4 SD with
80% power using a two-sided 0.05 level 2 group t test, we
sought to enroll 130 subjects in each group, to alow for an
attrition rate of 25% at 1 year.

Statistical Analysis

The analyst assessing final trial outcomes was blinded to study
gnment. All analyseswere conducted using an intent-to-treat
approach with participants analyzed according to original group
assignment. We conducted both complete and all case analyses
to assess differences between groupsin changein RDQ at 6 and
12 months. The complete case analysis was conducted using
multiple linear regression models with adjustment for baseline
values of the RDQ. The all case analysis was conducted using
linear mixed-effects models, allowing us to use data from all
participants and provide an unbiased estimate of the outcome,
assuming dataare missing at random [45]. For example, for our
12-month analysis, RDQ scores at baseline and 12 monthswere
used as dependent variables, with the primary independent
variables consisting of an indicator for the intervention group
and an interaction term of time by intervention group. Each
participant’s data was modeled using a random intercept to
allow within-patient correlation of the repeated measures.
Adjustment for covariates was only planned if an imbalance
was found between groups at baseline.
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We also conducted a post hoc subgroup analysis of participants
with baseline RDQ scores of 24. As a pragmatic trial we did
not screen based on RDQ scores, and some participants had
baseline scores that were very low or even 0. Thus, to assess
the effect of the intervention on participants reporting at least
modest levels of back pain-related disability at baseline, we
conducted a subgroup analysis of those with baseline RDQ
scores of >4 using the same methods previously described.

Analyses were conducted using Stata 11.2 and all reported P
values are from adjusted analyses.

Results

Summary

Over 1400 potentia participants (Figure 1) were assessed for
eligibility. Primary reasonsfor ineligibility werelack of regular
access to a computer or the Internet (n=310) and being too
physically active (n=159). Of those determined to be eligible,
229 completed al of the steps in the enrollment process, with
111 randomly allocated to the Internet-mediated intervention
and 118 to enhanced usual care. Primary outcome data were
provided by 91% of intervention and 90% of usua care
participantsat 6 months, and by 92% of thosein theintervention
group and 89% receiving usual care at 12 months.

Baseline Characteristics

Participants were predominantly male and white, with an
average age of 51 years (Table 1). The majority had completed
some college, were either married or living with someone as a
couple, and the mean body massindex was over 30. At baseline,
less than 40% of participants reported being employed full- or
part-time and over 40% reported taking narcotic medications
for their back pain. None of the observed differencesin baseline
characteristics were statistically significant.

Primary Outcomes

At baseline, mean RDQ scores were greater than 9 in both
groups (Table 1), indicating moderately severe back pain-related
disability. The mean RDQ score at 6 months was 7.2 for
intervention participants compared to 9.2 for thosein usual care
(Figure 2), an adjusted difference of 1.6 (95% CI 0.3-2.8, P=.02)
for the complete case analysis and 1.2 (95% CI -0.09 to 2.5,
P=.07) for the all case analysis (Table 2). When restricted to
the subgroup with at least moderate back pain at baseline (RDQ
score =4) (Figure 2, Table 2), patientsin the intervention had a
significant improvement in back pain-related disability
compared to the control group, an adjusted difference of
approximately 2 in both the complete (1.9, 95% CI 0.5-3.3,
P=.01) and al case (1.7, 95% Cl 0.3-3.0, P=.02) analyses. RDQ
scores continued to decline between 6 and 12 months in both
groups and, while scores for the intervention group remained
lower than for usual care, at 12 months these differences were
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no longer statistically significant. The MOS function measure
also suggested greater improvementsin function for intervention
compared to usual care participants at 6 months (Figure 2), but
none of the adjusted differences were statistically significantly
different.

Secondary Outcomes

At baseline, pain severity was rated at approximately 6 on a
0-10 scale by both intervention and usual care participants
(Table 1). Reported pain levels decreased in both groups at 6
months and remained lower than baseline at 12 months. The
greatest change occurred between baseline and 6 monthsamong
thosein theintervention group (6.0-4.7 vs6.1-5.2 in the control
group), although the adjusted difference between arms of 0.5
was not significant (Table 3).

Average step counts of slightly more than 4000 steps per day
at baselinein each group increased at 6 monthsfor intervention
patients, with an adjusted difference between groups of more
than 700 steps. By 12 months, however, the adjusted difference
between groups was only 100-200 steps. Exercise self-efficacy
scores appeared to be the same or lower (worse) for both groups
at 6 months, although the decrease was significantly less for
those in the intervention compared to the control group, an
adjusted difference of 0.8 (95% CI 0.24-1.4, P=.01) in the
complete case analysis and 0.7 (95% CI 0.12-1.2, P=.02) for
the al case analysis (Table 3). This difference did not persist
at 12 months. There was no difference between groups in the
physical activity fear-avoidance scale at any time point.

I ntervention Engagement

Intervention participants uploaded pedometer data at least once
per week for amedian of 32 weeks (62% of the recommended
time), although more than 25% of participants uploaded data
for at |east 42 weeks (80% compliance). However, intervention
participants logged into the website at least once per week for
a median of only 20 weeks (38% of the recommended time),
with approximately 20% logging in for at least 42 weeks.

Adver se Events

During the study, approximately 600 adverse events were
reported by participants (250 by those in usual care and nearly
350 by those in the intervention). These events ranged from
callusesto chest pain. Worsening back pain, the most frequently
reported event, accounted for 29% of events reported by the
usual care group and 25% of those reported by the intervention
group. Overall, more musculoskeletal events (n=112) were
reported than cardiovascular events (n=85), and muscul oskel etal
injuries were more likely to be reported by participants in the
intervention group compared to those in usual care. However,
no major study-related adverse events (eg, heart attack) were
identified for either group.
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Table 1. Participant baseline characteristics.

Characteristic Internet-mediated inter-  Enhanced usual care
vention (n=118)
(n=111)
Age (y), mean (SD) 51.2 (12.5) 51.9 (12.8)
Male (%) 89 86
Race (%)
White 74 86
Black 13 9
Other or prefer not to answer 14 5

Education level (%)

High school or less 29 25
Some college 56 59
4 years of college or more 16 16
Married or living with a partner (%) 59 68
Employed full-time or part-time (%) 39 31
Annual household income (%)
<US $10,000 18 13
US $10,000-$39,999 61 54
= US $40,000 21 33
Take narcotic medications for back pain (%) 41 49
Genera health status, fair or poor (%) 41 43
Body mass index, mean (SD) 30.6 (5.7) 31.6 (5.5)
RDQ score (0-24)2 mean (SD) 9.1(6.0) 9.8 (5.7)
MOS pain-related functional interference score (0-100)2 mean (SD) 48.5 (18.6) 51.8 (16.3)
Level of pain severity, 0-10 scale® mean (SD) 6.0 (1.9) 6.1(1.6)
Daily step counts, mean (SD) 4492.9 (2749.9) 4321.9 (2285.4)
Exercise self-efficacy score, 1-10°, mean (SD) 6.8 (2.1) 6.5(2.3)
Physical activity fear-avoidance behavior scale, 0-28% mean (SD) 13.9(5.9) 15.1 (6.0
Yower scores are better
bhigher scores are better
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Figure 1. Study flow diagram.
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Table 2. Primary outcomes, back pain-specific and general pain-related function.

Adijusted between-group difference®
Primary outcome (95% ClI)

Complete case P value All case P value

RDQ score (0-24)
6 months 1.6 (0.3t02.8) .02 1.2 (-0.09to 2.5) .07
12 months 1.2(-0.3102.7) A1 0.7 (-0.8102.2) 38
MOS pain-related functional interference score (0-100)
6 months 36(-051t07.7) .09 25(-15106.5) 23
12 months 0.1(-40t04.2) 97 -1.4(-5.4t0 2.5) 48
Subgroup with RDQ scores >4 at baseline RDQ score (0-24)
6 months 19(0.5t03.3) .01 1.7(0.3t03.0) .02
12 months 1.1(-06102.7) .20 0.8 (-0.81t02.4) 34
MOS pain-related functional interference score (0-100)
6 months 46(-0.1t109.3) .05 3.8(-0.7t08.3) .10
12 months -0.5(-5.0t04.0) .83 -1.5(-5.8t02.8) 49

8Adjusted for baseline valuesand cal cul ated as pain or function in enhanced usual care group minus Internet-mediated intervention group so that positive
scores reflect greater improvement in the intervention group.
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Table 3. Secondary outcomes.

Secondary outcome Mean (SD) Adjusted between-group difference®
(95% CI)
Internet-mediated Enhanced usual Complete case P value All case P vaue
intervention care

Leve of pain severity, 0-10 scale®

6 months 472.1) 52(2.1) 05 06 05 07
(-0.01t0 0.98) (-0.03t00.9)
12 months 5.4(2.2) 5.6 (2.0) 0.1 81 0.04 86
(-0.4t00.5) (-0.4t00.5)
Daily step counts ©¢
6 months 5370.0 (3180.8) 4682.5(2925.0) 725.5 12 724.0 .08
(-193.6 to 1644.7) (-75.2t0
1523.2)
12 months 4681.8 (3000.6) 4758.1(2991.1) 1224 .75 143.4 .64
(-623.9 to 868.6) (-460.2 to
747.1)

Exer cise self-efficacy score ©

6 months 6.7 (2.4) 5.7 (2.5) 08 .01 0.7 02
(0.24 t0 1.4) (0.12t0 1.2)

12 months 6.4 (2.6) 5.9 (2.3) 03 32 0.2 55
(-0.3100.9) (-0.4100.74)

Physical activity fear-avoidance behavior scale b

6 months 13.2(6.0) 14.0 (5.9) 0.6 42 -0.1 94
(-0.88t02.1) (-1.6to 1.5

12 months 13.3(6.7) 15.1 (6.1) 11 .18 0.6 .50
(-0.5t02.7) (-(11t022)

3Adjusted for baseline values and cal cul ated as pain or function in enhanced usual care group minus I nternet-mediated intervention group so that positive
scores reflect greater improvement in the intervention group.

B ower scores are better
Chigher scores are better
IPedometer data: intervention (n=84 at 6 months, n=78 at 12 months), usual care (n=70 at 6 months, =68 at 12 months).
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Figure2. Mean RDQ scores (top) and MOS functional interference scores (bottom). A and B: full sample, C and D: patients with baseline RDQ scores
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Discussion

Principal Findings

Improving management of chronic pain is a significant public
health challenge and moral imperative according to a recent
Intitute of Medicine report [8]. More than 1 million adultsin
the United States have chronic pain, with low back pain being
the most frequently reported condition [8]. Our findings show
that an automated, | nternet-mediated walking intervention may
help to reduce back pain-related disability among patients with
chronic back pain, although the benefits did not persist for the
entire 12-month study period. Improvement was greatest for
those individuals reporting moderate to severe levels of
pain-related disability at baseline.

The functional results observed are generally similar to those
found in other recent studies of non-invasiveinterventions, such
as yoga and massage [46,47]. These studies also tend to show
more rapid improvements for those receiving the intervention
but with gradual improvements over time for those in usual
care. Moreover, if we employ the criteria proposed by Jordan

http://www.jmir.org/2013/8/e181/
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and colleagues [48] to classify patients as clinically improved
or at least possibly improved (compared with not improved),
as defined by a reduction in the RDQ score of at least 30% at
6 months, we find that 46% of those in the intervention versus
27% in the control group would meet this definition. Although
we did not have a global health question and so are unable to
isolate what proportion would qualify as definitely improved,
this classification generally corresponds with other measures
that suggest clinical improvement, such as return to work, less
pain, improved function, and fewer physician visits[48]. Thus,
we believe that our findings suggest that automated, remotely
delivered interventions can be effectively used to promote a
more rapid reduction in back pain-related disability and
supplement carefor patientswith chronic low back pain. Further
investigation is needed, however, to understand the
characteristics of patientswho had an early or enduring response
to the intervention so that we may better target patients most
likely to benefit and broaden the response.

Given the proven benefits of exercise for managing low back
pain [19], a key component of the intervention focused on
increasing daily step counts (ie, walking). During the first 6
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months of the study, we saw an increase of nearly 700 more
steps or one-third of a mile per day among intervention
compared to usual care participants. Although not astatistically
significant difference, we believe that even modest increasesin
activity can be beneficial. Asoneintervention participant noted:
“1 didn’t know what the walking could do for me. But...it seemed
to alleviate my back pain...the true test came when | had to go
off the program because of my illness and the back pain
returned. In fact, just up until recently when | had resumed
walking.” On the other hand, step-count improvements were
not sustained for the entire 12 months and poor adherence or
declining engagement, as demonstrated by the percentage of
patients who uploaded or logged into the website, could in part
account for the lack of sustained benefit or added improvement
over time. Although we do not know specific reasons for this
lack of participation, these data suggest that additional strategies
to keep people active and engaged may be needed. This could
include, for example, an online coaching component, which has
been shown to improve adherence to other types of behavioral
changes [47-49].

Our monitoring of adverse events showed a higher number of
reported events by intervention participants. This information
was, however, collected solely through self-report and we expect
that some of the difference in the overall number of events
reported between groups could be due to our more freguent
contact with intervention participantsviaemail and through the
website. In addition, despite the higher level of muscul oskel etal
events reported by intervention participants, we found no
evidence that the intervention led to excessive harms. Thus,
even though more work to understand the circumstances for
those reporting musculoskeletal problems or worsening back
pain may be required, these findings add to the evidence base
to support walking as a generally safe and potentially effective
intervention for some patients with chronic low back pain
[49-52].

Other potential mechanisms of action are less clear. Despite a
marginally greater decrease in pain levels among intervention
participants at 6 months, this effect did not persist at 12 months.
In addition, while there was a significant difference between
groupsin self-efficacy for exercise at 6 months, rather than the
hypothesized improvement for those in the intervention, both
groups reported lower levels of self-efficacy. However, the
decline was smaller for those receiving the intervention. The
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reason for the decrease is not entirely clear but may be largely
dueto an unrealistic assessment of self-efficacy at baseline[53].

Limitations

Among the strengths of our study arethe high rate of participant
follow-up and our collection of detailed adverse event
information. This study aso has severa limitations. First,
patients were recruited from only 1 medical center and the
sample was predominantly male. Although more than 10% of
participants were female, which is relatively high for studies
using a general VA patient population, the number is not
sufficient for a formal subgroup analysis. However, based on
trials of similar types of interventions, we expect this approach
could be even more effective among women [54]. Second, we
are not able to directly compare our results to other types of
back pain interventions (eg, yoga), although as previously noted
the genera trgjectory of our primary outcome (RDQ score)
appears consistent with recent trialsin thisarea. Third, although
a consistent data collection format is generally recommended
[55], we used both Internet-based and paper surveys. However,
prior research has demonstrated similar psychometric properties
between Internet and paper-and-pencil questionnaires[55] and
specifically equivalence for our primary outcome[56]. We also
believe that using both modes hel ped to ensure a high follow-up
rate. Finally, as a multifaceted intervention, we are not able to
determine which elements were most effective and can only
draw conclusions about the program as a whole. Nonethel ess,
our results highlight the importance of providing active support
(eg, goa setting and feedback) to encourage walking as
compared with ssimply giving someone a pedometer to track
step counts.

Conclusions

In sum, our findings indicate that a facilitated walking
intervention that uses an uploading pedometer and the Internet
may help to reduce back pain-related disability among patients
with chronic back pain, at least in the short term. Additional
support, however, is likely needed to ensure continuing
improvements long term. Nevertheless, this type of primarily
automated intervention can be used to deliver care with broad
reach and could be an efficient way of delivering or
supplementing care provided through traditional facility-based
programs.
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Abstract

Background: Diabetesrequires extensive self-care and comprehensive knowledge, making patient education central to diabetes
self-management. Web 2.0 systems have great potential to enhance health information and open new ways for patients and
practitioners to communicate.

Objective: To develop aWeb portal designed to facilitate self-management, including diabetes-related information and social
networking functions, and to study its use and effects in pediatric patients with diabetes.

Methods: A Web 2.0 portal was developed in collaboration with patients, parents, and practitioners. It offered communication
with local practitioners, interaction with peers, and access to relevant information and services. Children and adolescents with
diabetesin ageographic popul ation of two pediatric clinicsin Sweden were randomized to agroup receiving passwords for access
to the porta or a control group with no access (n=230) for 1 year. All subjects had access during a second study year. Users
activity waslogged by site and page visits. Health-related quality of life (HRQOL), empowerment (DES), and quality of information
(QPP) questionnaireswere given at baseline and after 1 and 2 study years. Clinical data came from the Swedish pediatric diabetes
quality registry SWEDIABKIDS.

Results. There was a continuous flow of site visits, decreasing in summer and Christmas periods. In 119/233 families (51%),
someone visited the portal the first study year and 169/484 (35%) the second study year. The outcome variables did not differ
between intervention and control group. No adverse treatment or self-care effectswereidentified. A higher proportion of mothers
compared to fathers visited once or more the first year (P<.001) and the second year (P<.001). The patients who had someone
inthefamily visiting the portal 5timesor more, had shorter diabetes duration (P=.006), were younger (P=.008), had lower HbA1c
after 1 year of access (P=.010), and were more often girls (P<.001). Peer interaction seems to be a valued aspect.

Conclusions: The Web 2.0 portal may be useful as a complement to traditional care for thistarget group. Widespread use of a
portal would need integration in routine care and promotion by diabetes team members.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN):92107365;
http://www.controlled-trials.com/| SRCTN92107365/ (Archived by WebCite at http://webcitation.org/61kilvtSb).

(J Med I nternet Res 2013;15(8):€175) doi:10.2196/jmir.2425
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Introduction

Diabetes requires extensive self-care and comprehensive
knowledge. The management of the disease, including insulin
injections and self-control of blood glucose, affects everyday
life, thus coping skills are essential. Health-related quality of
life (HRQOL) may be influenced, particularly diabetes-related
influence on HRQOL [1-3]. The association between good
metabolic control and risk reduction for late complications is
known [4-6] but despite modern treatment, only one third of
the patients reach treatment target [7,8]. Efforts to increase
patients and parents' knowledge are needed to empower them
in their self-care [9].

Thus patient education is central to diabetes self-management
[10]. Studiesin adult type 1 diabetes popul ations have indicated
that structured patient training and education as part of intensive
treatment reduces HbAlc with no increase in severe
hypoglycemia, or even with persistent reduction of severe
hypoglycemia [11-14]. Although such findings are consistent
with modern clinical practice and experience [15], evidence
repeatedly has been found insufficient to recommend adaptation
of any particular educational method or program for type 1
diabetes [16,17]. There are several approaches, but thereis no
single one that emerges as clearly dominant.

We previously found that in pediatric patients’ and parents
perspective on quality of care, improvements are needed
regarding information and access to services [18]. In a
multinational study, receiving information at diagnosis and
having access to multiple sources of information later on have
been associated with better outcomes from patients’ and parents
perspectives [19]. The most frequently used sources of
information, both for young adults and parents with diabetes,
were diabetes medical teams, websites, and diabetes
associations, with the diabetes team being the main source.

Social support is important for psychosocial adaptation when
living with a pediatric chronic disease [20]. Recent research
demonstrates how online support groups may contribute to
patient empowerment [21]. Empowering processes identified
among adult users of online support groupsinclude exchanging
information, encountering emotional  support, finding
recognition, sharing experiences, hel ping others, and amusement
[21,22].

Thelnternet isarapidly emerging source of health servicesand
information [23]. Most adolescents and young adults find it
convenient to use the Internet to communicate and find
information, including on health topics [24], but still students
lack knowledge about searching and evaluating health
information on the Internet [25]. The umbrellaterm “Web 2.0
describesarange of widely used Internet applicationsto enhance
participation, collaboration, openness, social networking, and
peers sharing information [26]. Web 2.0 systems have great
potential to enhance health information delivery and exchange
whenever and wherever it is needed, including use of new
mobile devices.

Use of new information and communication technol ogies show
promise regarding improved diabetes care in general [27-32].

http://www.jmir.org/2013/8/e175/
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At least those patients with poor metabolic control, greater use
of health care services, higher motivation and/or less experience
with diabetes treatment seem to benefit, although few significant
long-term effects on main outcomes have been shown. Positive
effects on knowledge and psychosocial well-being have been
found as a result of Internet educational interventions in
adolescents with diabetes [33].

Adolescents with a chronic health problem have been found to
respond positively to sites that target them and their needs,
including focused chat rooms and message boards [34]. In a
pilot study, an Internet-based system aimed at assisting in
diabetes management wasfound to be feasible and well accepted
but did not influence HRQOL or metabolic control [35]. In a
related study, communication with peers seemed to improve
much more than their communication with practitioners [36].
Adolescents with diabetes visited various online forums for
social support, information, advice, and shared experience[37].
Females used discussion forums more frequently and males
reguested more information.

In our study, we hypothesized that a Web 2.0 portal, with
diabetes-related information and the possibility to communicate
with diabetes peers as well as with health care professionals,
would (1) be used, (2) be of complementary value in everyday
life with diabetes, especially by newly diagnosed patients and
patients in periods with instable metabolic control, (3) be
perceived as helpful in self-treatment, and (4) contribute to
improved metabolic control.

Thus we aimed to develop a Web portal designed to facilitate
self-management, with diabetes-related information and the
possibility to communicate with otherswith diabetes and health
care professionals, and to study the use and its effects in
pediatric patients with diabetes and their parents.

Methods

Ethics Statement

The study was approved by the Research Ethics Committee of
the Faculty of Health Science at Linkdping University, Sweden.
Basic information about the study was given to adol escents and
parentsby posted |etters. They wereinformed in the | etter about
confidentiality and the right to withdraw without explanation.
All participants including next of kin were required to return a
signed consent form. Informed consent was also given by each
participant in electronic form prior to thefirst visit to the portal.

This study was a randomized controlled tria
(ISRCTN92107365) and the CONSORT checklist is available
as supporting information (see Multimedia Appendix 1).

The Portal

The Diabit Web 2.0 portal, as described el sewhere[38], offered
self-directed communication with health professionals,
interaction with peers, and access to information. The portal
had been devel oped through a user-centred design process that
included iterative sessions with groups of patients and parents
aswell aswith theinvolved diabetesteams[39,40]. A prototype
was piloted in 2005, and the portal Diabit was launched in April
2006. The portal was designed for complementary use by
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pediatric patients, parents, and practitioners whenever needed
and by users’ own initiative.

It contained specific diabetes-related information and social
networking functions such as a storyboard, a simple blog
module, and discussion board modules (see examples of user
interface in Figures 1-3). The discussion board in this version
of the portal was designed for peer communication only (with
safety issues monitored by a passive pediatrician). The
practitioners involved did not have access to the patients
discussion board, and parents had no access to adolescents
board and vice versa.

Extensive information was given in text pages on essential areas
of diabetes and in videos, and there was interactive simulator
software aswell [41]. Specific diabetes-related information on
13 main topics, devel oped by sessionswith patients, and divided
into 99 subtopics/Web pages, was written by team members.
Links on diabetes-related information were: Acute situations,

Figure 1. Screenshot from the Diabit portal. Home ”Welcome to Diabit” .

Hemn OmDiabit Regler Filmer Simulator Diskussionsforum

Vad r diabetes? Yalkommen till Diabit!

Vad hiander i kroppen?

Beréattelser

Hanberger et a

What is diabetes, Relations, Late complications, Insulin,
Devices, Food, Blood glucose, Exercise and sports, Living with
diabetes, This can affect, Research, and External links. Each
section was revised by other team members from the two
hospitals.

The portal also provided services for medical prescription
renewal, appointments, and open questions and other general
information about the local diabetes teams and their services.
In addition, each respective group of professionals comprising
the two local diabetes teams summarized important basic
information using a personal tone when expressing, “What |
may say to newly diagnosed children and their parents”.

To stimulate new visits, there was a function to highlight local
practitioners news and information about local activities, and
for new information in the areas of research, nutrition, devices,
and others. Quarterly newdl etterswere sent linking to the news,
and flyers were sent yearly with regular post to patients.

.
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Figure 2. Screenshot from the Diabit portal. “1 made a mistake with the insulin”, and how to manage.
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Figure 3. Screenshot from the Diabit portal. Discussion board.
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Protocol and Assignment

For inclusion, al the clinically diagnosed type 1 diabetes
children, aged 0-18 years, registered in the Swedish pediatric
diabetes quality registry, SWEDIABKIDS, belonging to the
geographic population of thetwo pediatric clinicsin Linképing
and Jonkoping, were eligible and invited to the study (Figure
4). Thetwo clinicstreated all young type 1 diabetes patientsin
their catchment areas. The patients and their families were
randomized (stratified for clinic) by two of the authors (SN,
LH), using atable of random numbers, to either the intervention
group or the control group (Figure 4).

At baseline April 2006, all subjects in the intervention group
were offered a personal password to the portal for the first year

http://www.jmir.org/2013/8/e175/

of the study. After study year 1, al subjects in the previous
control group were also offered passwordsto the portal (Figure
4). For children 13 years of age and older, both parents and
adolescents received passwords while for younger children,
only parents received passwords.

Asshown in Figure 4, for thefirst study year, 233 patients and
their parents (adolescents n=142) accepted, and in the second
study year, an additional 254 patients and their parents
(adolescents n=147) from the previous control group accepted
as well. All diabetes team members of both hospitals (n=28)
received a personal password as well at baseline. During the
study, there were no directions of use given to patients and
parents from any other part, and it was not related to any
structured education activity.
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Figure 4. Flow chart of the intervention and the control group.
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Masking

All personnel were blinded to group assignment for the first
study year. Care providers took part in development of the
portal, as described above, and were informed about the study
but had no information on assignment. They were instructed to
discussany clinical issueraised by the patient as usual, without
trying to identify the group to which the patient belonged.

http://www.jmir.org/2013/8/e175/
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Clinical Characteristics and Diabetes Treatment

Thegroupswere equal regarding baselineclinical characteristics
(Table 1). In Sweden, diabetes teams at pediatric clinics,
consisting of diabetes specialist nurses, registered nurses,
diabetes specialist physicians, dieticians, social workers and/or
clinical psychologists, treat al patients in the catchment area.
Thetreatment policy was multipleinsulin therapy. The member
of the diabetes team encouraged active self-control and offered
psychosocia support and problem-based education. The process
of care and treatment policy has been described elsewhere
[15,42].
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Table 1. Characteristics of the population at baseline, intervention and control group, and most recent HbA 1c at baseline (2006) and after of study year

1 (2007).
Intervention group Control group P vaue
n=244 n=230
Sex (F/M), proportions, % 52/48 51/49 .82
Mean age, years (range, SD) 13.2(2.8-18.5,3.7) 13.3(3.0-18.5,3.7) .66
Age at diagnosis, years, mean (range, SD) 8.1(1-17,3.7) 7.8(1-16,4.2) .50
Duration, years, mean (range, SD) 4.9(0.1-17.7,3.7) 5.1(0.1-14.6, 3.7) .67
HbA 1c baseline, %, mean (range, SD) 6.8(4.2-11.4,1.2) 6.8(4.3-125,1.2) 91
HbA 1c after study year 1, %, mean (range, SD) 6.7 (4.1-13.0,1.2) 6.7 (3.7-10.8, 1.2) 72
Insulin dose, U/kg/day, mean (range, SD) 1.0(0.2-2.1,0.3) 1.0(0.3-2.0,0.3) .95
CSI12 proportion, % 16 16 1.00
# of injections/day, mean (range, SD) 5.3(2-9,1.0) 5.4 (2-10, 1.0) 37
# of self control/day, mean (range, SD) 4.4 (0.5-125,2.3) 4.1(0-10, 1.7) 51
Hypo last 12 months, proportion, %
Needing help 16 25 A2
Unconsciousness 4 4 71
Comorbidity 18 20 .16

4CSlI: continuous subcutaneous insulin infusion.

Study Period

The first study period, year 1, was defined as April 11, 2006,
to September 25, 2007. The planned 12-month study period
was extended duetoinitially slow inclusion of active users. The
second study period, year 2, was defined as September 26, 2007,
to September 25, 2008. However, thereis alack of logged data
from August 30, 2008, due to problems with the data server.

Process Data

Logged data from the systems server were used to study
frequencies and temporal patterns of patients and parents, as
well astheir practitioners, sitevisits, and page hits of the portal.

Outcome Variables

Effects on HRQOL, empowerment, and perception of quality
of careregarding information were measured and obtained from
postal surveys. The clinical variables measured were HbA1c
(data received from the Swedish pediatric diabetes quality
registry, SWEDIABKIDS) [43], numbers of severe
hypoglycemia (self-reported), and numbers of self-controls of
blood glucose (self-reported).

Questionnaires

For HRQOL, we used the DISABKIDS chronic-generic modul e,
short form (12 items), adolescent, and parent (as proxy) version
combined with the diabetes-specific module (10 items),
adolescent and parent (as proxy) version [44,45]. The itemsin
the chronic-generic module were assigned to six dimensions:
independence, emotion, social inclusion, social exclusion,
limitation, and medication. The items in the diabetes-specific
module were assigned to treatment and impact on a 5-point
Likert scale, where a low value corresponds to low quality of
life.

http://www.jmir.org/2013/8/e175/

Quiality of care, regarding information, was measured by using
selected questions from the Quality from the Patients
Perspective (QPP) questionnaire [46,47]. The QPP instrument
was devel oped using grounded theory. The items evaluate both
perceived reality of the care received and for subjective
importance of that particular item, for example, “I get sufficient
information regarding insulin pen/pump. A. Thisis how it is
for me. B. Thisis how important it isfor me.” A 4-point scale
ranging from “Fully agree” to “Do not agree at all” is used.

Empowerment was assessed by the Swedish Diabetes
Empowerment Scale, short version (SWE-DES-SF-10) [48]. It
includes four empowerment subscales. goal achievement,
self-awareness, stress management, and readinessto change. A
5-point Likert scale is used.

Questions about access and using habits of the Internet, also
used by Statistics Sweden [49] wereincluded aswell asarange
of treatment-related questions and questions on socioeconomy,
frequency of contact with peers, as well as online diabetes
information search experiences.

Adolescents and parents completed questionnaires before
baseline, posted late January 2006 (243 girls, 231 boys); after
study year 1, posted late August 2007 (253 girls, 241 boys);
and year 2, posted late August 2008 (250 girls, 234 boys)
respectively. A mailed questionnaire and a stamped return
envelope, with two subsegquent reminders, were sent to all
parents from an independent department at Linkoping
University. The response rates of the questionnaires were, in
parents and adol escents respectively, at baseline 70% and 63%,
after study year 1, 62% and 50%, and after study year 2, 59%
and 65%.
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Clinical Variables

Data from the Swedish pediatric diabetes quality registry,
SWEDIABKIDS [35] were used regarding diabetes duration,
hemoglobin Alc (HbA1c), and insulin dose. Swedish HbA1c
values were approximately 1% lower than DCCT/National
Glycohemoglobin Standardization Program (NGSP) vaues
[50]. Local routine methodsfor HbA 1c determination, calibrated
to the national standard method Mono-S, were utilized.

Analysis

As arandomized control study, we compared the intervention
and the control group at baseline and after study year 1.
Additionally in both groups separately, baseline data were
compared to data after study years 1 and 2. Most recent HbA 1c
values for each patient at baseline, at the end of study year 1
and at the end of study year 2 were used.

Active User Analysis

In a separate analysis before and after the first year of access,
active users were defined as those where someonein the family
logged in five times or more during their first year with access
to the portal. This cut-off level for active use was defined
retrospectively taking into account the distribution of frequency
of use.

The group of active users were compared to those with zero to
four site visits during the same time period. Thus we merged
datafor the intervention group at baseline and after 1 year only
(study year 1), and for the previous control group before and
after 1 year of access respectively (study year 2).

Statistical M ethods

Summing the raw scores of the items in DISABKIDS
representing each domain and dividing by the answers in a
domain (at least 5/6 or 4/5 answersin each domain are required)
resulted in mean domain scores. Grand mean of generic and
diabetes-specific HRQOL was derived from summing the item
mean score and dividing by the numbers of items. The scalefor
generic and diabetes-specific HRQOL was converted to ascale
of 0-100, where 0 correspondsto 1 on the 5-point scale and 100
corresponds to 5. As primary endpoints for HRQOL, we used
the mean of generic and diabetes-specific HRQOL and the mean
of the dimensions within these. Total scale Swe-DES-SF-10
was calculated by summing the ten items and dividing by 10.

For comparisons, Mann-Whitney U test and Wilcoxon signed
rank test were used and when data were normally distributed
Student’s t test, paired and unpaired was used. On categorical
variables, Chi-sguare test was used. P values <.05 were regarded
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as significant. Mean and SD are given. For statistical analysis,
SPSS 17.0 software was used.

Results

Overview

No differences in the baseline characteristics of the population
were found between the intervention and control group (Table
1). No differenceswasfound regarding socioeconomics, access
to the Internet, or information search and peer contacts.

Use of the Portal

During the very first month after launch, 51 users (14
adolescents, 26 mothers, 11 fathers) from 39 families of the
intervention group visited the portal once or more (1456 page
visits). The long-term pattern indicated a continuous interest
for sitevisits, decreasing during summer and Christmas periods,
asshown in Figure5 (similar pattern for numbers of page visits
and visitors, data not shown).

During the first study year, 159 users made 695 visits to the
portal (adolescents 163, mothers 363 and fathers 169), mean
4.4 visits, range 1-45, median 2, and 6421 page hits (adol escents
1611, mothers 3484 and fathers 1326), mean 39.2, range 1-330,
median 28.

During the second study year, 207 users made 980 visits
(edolescents 210, mothers 573, and fathers 197), mean 4.7 visits,
range 1-132, median 2, and 5940 page hits (adolescents 1954,
mothers 3364, and fathers 622), mean 28.7, range 1-381, median
20. Thusthe mean numbers of page visits per site visit in study
year 1was 9.2 (by adolescents 9.9, mothers 9.6, and fathers 7.8)
and in study year 2, 6.1 (by adolescents 9.3, mothers 5.9, and
fathers 3.0) respectively.

The proportions of those visiting the portal at |east once or more
during study year 1 and 2 respectively are shown in Figure 6,
with higher proportions of mothers as compared to fathers the
first (P<.001) and the second study year (P<.001). Out of those
patientswhere someonein thefamily visited at |east once during
study year 1 (n=119, 51%) and year 2 (n=169, 35%)
respectively, the proportions of active users (five times or more)
were 30% the first study year and 64% the second study year.

More frequent page hits were seen during the first study year
on social networking with peers such as Blogs and Stories
followed by Questions answered by the diabetes team as well
as their News and updates (Table 2). This pattern was largely
similar during study year 2 (data not shown).
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Table 2. Page hits on frequently visited pages, intervention group study year 1.

Webpages Mothers n=71 Fathers n=39 Adolescents n=46

Hits % Hits % Hits %
Home 358 104 168 12.7 163 10.1
Stories? 227 6.6 85 6.4 101 53
Blogs? 178 52 93 7.1 120 75
Team Jonkoping 114 33 53 4.0 25 16
Questions and answers 109 31 17 13 29 18
Team Linkoping 76 22 35 26 34 21
Research 75 22 38 29 15 9
Simulator 62 18 36 2.7 37 23
Food 58 17 18 14
This can affect 51 15 17 13 24 15
Devices 49 14 31 23
Living with diabetes 43 12 26 16
Late complications 36 1.0 15 11 19 12
Videos 34 1.0 27 20 44 27
Discussion board® 34 1.0 12 9 20 1.2
External links 32 9
Relations 30 9 12 9 20 12

830cial networking.

Figure5. Sitevisits per month by patients and parents (study year 2 started 2007).
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Figure 6. Proportions of adolescents, mothers, fathers, or at least one of these in the same family, logged in once or more.
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The Intervention Group Compared to the Control
Group

No differences were found at baseline and after study year 1
between the intervention and control group, adolescents and
parents respectively, regarding the outcome variables (HRQOL,
empowerment, perception of quality of care regarding
information measured by DISABKIDS, SWE-DES-SF-10, and
QPP respectively, HbA1c, severe hypoglycemia, frequency of
blood glucose self-control). No differences were found at
baseline and after study year 1 and 2 respectively, neither in the
intervention group nor in the control group, for adolescents and
parents respectively, regarding the same outcome variables.

Active Users

During thefirst year of accessto the portal, active users (families
where someone made five visits or more, n=68), compared to
the less active (0-4 visits respectively, n=419) were younger,

Fathers Families

had shorter durations, and had lower HbA1c after 1 year, but
there was only a moderate—not significant—change in the
HbA1c difference over time (Table 3). No differences were
found among active users at 1 year compared to baseline
regarding the questionnaires and clinical outcome variables. A
higher proportion of girls' familieswerefound among the active
users (P<.001). A similar proportion of active users 7/68 (10%)
had HbA1lc >8 as in the comparison group, 56/419 (13%)
(pediatric .535).

Practitioners Use

A total of 20 users out of the 28 diabetes team members who
received a password made 459 site visits during study year 1
and 2552 page visits, mean 5.6 page visits per site visit, range
3-370. In study year 2, they made 426 site visitsand 1712 page
visits, mean 4.0 page visits per site visit, range 6-826. Out of
the 28 receiving passwords, 16 made =5 visits (15 users study
year 1, 9 users study year 2).

Table 3. Active users (5 visits or more) as compared to less active (0-4 visits), including most recent HbA 1c before access and at the end of 1 year of

access.
Active users Comparison group P value
Sex, % girls 65 49 <.001
Age, years, mean (range, SD) 12.1(3.2-18.3,3.8) 14.0 (1.9-185, 3.9) .008
Duration, years, mean (range, SD) 3.9(0.1-14.6, 3.3) 5.5(0.1-17.7, 3.8) .006
HbA 1c before, %, mean (range, SD) 6.5(3.9-9.0,1.1) 6.8(3.7-11.4,1.3) .056
HbA1c at 1 year, %, mean (range, SD) 6.4 (4.2-10.10, 1.1) 6.8 (4.1-14.0, 1.2) .010

Discussion

Principal Findings

The portal attracted all groups of users with great individual
variation in frequency of use, and as expected, not all were
users. In contrast to research on structured patient education
including Web 2.0, this study did not evaluate a directed
intervention program. The porta was a complementary
information and communication resource for self-directed use
whenever needed. Based on known information needs,

http://www.jmir.org/2013/8/e175/
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developed through patient, parent, and health practitioners
interaction, the portal merely offered a practitioner-driven
high-quality alternative for online information and
communication. Thus we performed this experiment as close
to afuturereal-world resource as possible, leaving it to patients
and parents to make their own decisions on use of the portal.
In contrast to numerous other online resources though, the
patients’ local multiprofessional pediatric diabetesteams created
and/or verified the information contents.
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The active users' data seem somewhat promising, athough the
overall usage rate was low. As expected, a higher frequency of
use was related to shorter diabetes experience. The frequency
of use might also relate to factors such as personal interest and
motivation, and/or perceived health status and satisfaction with
thetraditional care and education. For clinicians, itisachallenge
to motivate and support young patients struggling with impaired
metabolic control and this group must be given high priority
for efforts. For patients reaching the HbAlc 8% level,
interventions in our clinic are monthly visits, intensified
adjustment of treatment, use of glucose sensors, and/or referral
to the ward. As such patients were equally found among the
active users, the portal appears useful also for this group of
patients and their parents. Thisisin line with earlier findings
that patients with poor metabolic control seem to benefit,
sometimes even more than others, from the use of electronic
communication [30].

In our qualitative evaluation presented elsewhere, users found
the portal widely useful with the combination of peer support,
reliable facts, and updates [38]. Being enabled to search when
necessary and find reliable information provided by local
clinicians was regarded as a great advantage, facilitating a
feeling of security and being in control. Finding answers to
difficult-to-ask questions, questions users did not know they
had before, and questions focusing on sensitive areas were
important. Visiting the portal could generate more information
than expected, which could inspire increased use, and many had
high positive expectations of a larger patient community.
However, the password requirement appeared to be a red
obstaclefor some, probably limiting the number of usersaswell
as frequency of use.

Already in the first study year, a high proportion of page hits
on interactive functions indicated great interest in
communication with peers and also for users questions
answered by practitioners (Table 2) consistent with other
findings [51]. Adolescent users and parents as well submitted
stories, blogs, and comments increasingly during both years.
From the second study year, a lively discussion board was
started by parents, whereas the adolescent discussion board
remained largely silent both study years. The discussion board
privacy concept with access only for the peer group involved
did not prove advantageous, but many parents appreciated their
board as such.

Asreported el sawhere, although many participants submit few
or no posts, the community attracts a high proportion of site
visits and many derive passive support from reading about the
experiences of others, both positive and negative [36,38]. Thus
we believe an open access discussion board is more likely to
create benefit for many, along with the devel opment and impact
of Web 2.0 towards openness [26]. Further, our data confirm
previous findings that girls and mothers seem more active in
searching for information and more eager to communicate
electronically [32,37,52], and we also found a notable lower
rate of boys' families among the active users. Further research
in this areawill need to be sensitive to gender differences.
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Strengthsand Limitations

Some strengths of this study are a large study base and the
controlled design including randomization of patients to either
the intervention or the control group. The development of the
portal with parents, adolescents, and diabetes team members
participating laid the foundation for an appealing portal and a
user-friendly design. No undesired effects were found on
self-perceived HRQOL , empowerment, and metabolic control,
which happened in some intervention programs [53]. No
incidents of any undesired treatment effectsrelated to the portal
use were reported from practitioners or patients.

The overall absence of statistically significant effects should
be interpreted with caution because (1) the number of active
users in the intervention group was low, (2) there was no
promotion from the blinded practitioners in the randomized
controlled phase, and (3) frequencies of use were limited by a
password requirement having the function of agatekeeper [38].
A limitation of the study isthat the effect on patient and parent
knowledge of diabetes was not evaluated.

Also during the second study year, in spite of positive attitudes
over along-term involvement in the devel opment and contents
[38,40], many practitioners had a hard time starting to make
use of the portal in their practice (unpublished data). Various
obstacles were reported, such as deep-rooted habits, having no
computer in the room, or having too many working tasks. An
important issue is how to increase engagement in patients and
their next of kin. Whereas this study cannot answer this,
practitioners' views recently have been further explored [54].

TheInternet remains arather new tool in patient education, and
the implementation of using it is not arapid processin routine
care [38,40]. For practitioners trained in a culture of care with
secrecy and strong restrictions regarding dissemination of
patients data, the global process towards openly sharing
personal health information on the Internet [55] initially might
seem somewhat uncomfortable and confusing. However,
provided that practitioners can control and/or monitor the
information content in the portal, over time their motivation for
using it in their daily practice will probably increase.

During the second study year (second year of access for the
intervention group), the overall proportion of the study
participants who used the portal decreased, as some previous
intervention group users presumably decreased their use after
a longer time (Figure 6). Also in other interventions with
Internet-based systems, a decline in use over time has been
found [35,36]. In implementation of Web 2.0 systems for
patients, attention should be paid to highlighting the feed of
new information from their practitioners, as well as new
messages and blogs posted from peer users, and strategies for
external advertisements and reminders are needed aswell [38].

To sum up, the logged user behaviors and our qualitative
evaluations indicate that a fully implemented Web 2.0 system
including a larger population for a community and without
passwords might be of great complementary value for both
patients and professionals [38]. Future research also involving
larger sample sizes and with multicentre collaboration might
add knowledge on devel opment of various effective educational
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interventions[17]. Patient engagement and social marketingof Conclusions

new tools warrant more attention. This study supports the fact that a Web 2.0 portal may be
Following this study in subsequent scientific experiments, the ~ successfully used as a complement to traditional patient
Diabit Web 2.0 portal was rebuilt and opened for free use on  education and support. The implementation might be further
the open Internet, including an open discussion board, onWorld ~ €nhanced by easy access without passwords, by highlighting
Diabetes Day November 14, 2008. Thetotal user rateincreased new information, by active promotion from active diabetesteam
in 2009 to 29,015 yearly visits (144,336 page visits) from all members and through other reminders in the structure of care.
over the nation, showing a continuous interest for both the ~Future research on electronic communication targeting young
growing community as well as factual information. people with long-term health problemswill need to focus more
on use of Web 2.0, including gender aspects.

Acknowledgments

We thank al the participating adolescents, parents, and diabetes team members in Jonkdping and Linkdping, who contributed
views and ideas in developing the portal and performing the experiment.

Leni Ericson and Anders Larsson at IDA, Linkdping University contributed to early design and prototype setup. Thor Balkhed,
Bildamedia, Jorgen Isberg, Keylab, and Anders Larsson, IDA, Linképing University, contributed to el ements of the portal design,
setup and/or maintenance for the study.

The Linkoping Diabit study was a practitioner-driven project supported by the Medical Research Council of Southeast Sweden
(FORSS) and by ALF Grants, County Council of Ostergétland, and the Swedish Child Diabetes Foundation (Barndiabetesfonden).

Authors Contributions

All authors contributed to the design of the study. LH prepared the database and performed the analyses. All authors contributed
to interpreting the findings, writing, or revising the manuscript, and approved the final version to be published.

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [56].

[PDE File (Adobe PDF File), 1001KB - jmir_v15i8e175_appl.pdf |

References

1. Graue M, Wentzel-Larsen T, Hanestad BR, Batsvik B, Sevik O. Measuring self-reported, health-related, quality of lifein
adolescents with type 1 diabetes using both generic and disease-specific instruments. Acta Paediatr 2003
Oct;92(10):1190-1196. [Medline: 14632337]

2. Hanberger L, Ludvigsson J, Nordfeldt S. Health-related quality of lifein intensively treated young patients with type 1
diabetes. Pediatr Diabetes 2009 Sep;10(6):374-381. [doi: 10.1111/j.1399-5448.2008.00496.x] [Medline: 19207230]

3. Hoey H, Aanstoot HJ, Chiarelli F, Daneman D, Danne T, Dorchy H, et al. Good metabolic control is associated with better
quality of lifein 2,101 adolescents with type 1 diabetes. Diabetes Care 2001 Nov;24(11):1923-1928. [Medline: 11679458]

4.  The Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl JMed 1993 Sep
30;329(14):977-986. [doi: 10.1056/NEJM 199309303291401] [Medline: 8366922]

5. Nordwall M, Arnqvist HJ, Bojestig M, Ludvigsson J. Good glycemic control remains crucial in prevention of late diabetic
complications--the Link6ping Diabetes Complications Study. Pediatr Diabetes 2009 May;10(3):168-176. [doi:
10.1111/j.1399-5448.2008.00472.x] [Medline: 19175900]

6. Eeg-Olofsson K, Cederholm J, Nilsson PM, Zethelius B, Svensson AM, Gudbjornsdéttir S, et al. Glycemic control and
cardiovascular disease in 7,454 patients with type 1 diabetes: an observational study from the Swedish National Diabetes
Register (NDR). Diabetes Care 2010 Jul;33(7):1640-1646 [ FREE Full text] [doi: 10.2337/dc10-0398] [Medline: 20424222]

7.  DanneT, Mortensen HB, Hougaard P, Lynggaard H, Aanstoot HJ, Chiarelli F, Hvidere Study Group on Childhood Diabetes.
Persistent differences among centers over 3 yearsin glycemic control and hypoglycemiain a study of 3,805 children and
adolescents with type 1 diabetes from the Hvidare Study Group. Diabetes Care 2001 Aug;24(8):1342-1347. [Medline:
11473067]

http://www.jmir.org/2013/8/e175/ JMed Internet Res 2013 | vol. 15 | iss. 8 |el75 | p.66
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i8e175_app1.pdf&filename=ba66b8414307885cf2093b5e97e9ee21.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e175_app1.pdf&filename=ba66b8414307885cf2093b5e97e9ee21.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14632337&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2008.00496.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19207230&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11679458&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199309303291401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8366922&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2008.00472.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19175900&dopt=Abstract
http://europepmc.org/abstract/MED/20424222
http://dx.doi.org/10.2337/dc10-0398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20424222&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11473067&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Hanberger et al

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Hanberger L, Samuelsson U, Lindblad B, Ludvigsson J, Swedish Childhood Diabetes Registry SWEDIABKIDS. A1Cin
children and adolescents with diabetesin relation to certain clinical parameters: the Swedish Childhood Diabetes Registry
SWEDIABKIDS. Diabetes Care 2008 May;31(5):927-929. [doi: 10.2337/dc07-1863] [Medline: 18235047]

Funnell MM, Anderson RM. Patient empowerment: alook back, alook ahead. Diabetes Educ 2003;29(3):454-8, 460, 462
passim. [Medline: 12854337]

Swift PG. Diabetes education in children and adol escents. Pediatr Diabetes 2009 Sep;10 Suppl 12:51-57. [doi:
10.1111/j.1399-5448.2009.00570.x] [Medline: 19754618]

Bott U, Bott S, Hemmann D, Berger M. Evaluation of a holistic treatment and teaching programme for patients with Type
1 diabeteswho failed to achieve their therapeutic goal s under intensified insulin therapy. Diabet Med 2000 Sep;17(9):635-643.
[Medline: 11051282]

Plank J, Kéhler G, Rakovac |, Semlitsch BM, Horvath K, Bock G, et a. Long-term evaluation of a structured outpatient
education programme for intensified insulin therapy in patients with Type 1 diabetes: a 12-year follow-up. Diabetologia
2004 Aug;47(8):1370-1375. [doi: 10.1007/s00125-004-1456-x] [Medline: 15258736]

Sdmann A, Mihlhauser I, Bender R, Hunger-Dathe W, Kloos C, Miiller UA. Flexible intensive insulin therapy in adults
with type 1 diabetes and high risk for severe hypoglycemia and diabetic ketoacidosis. Diabetes Care 2006
Oct;29(10):2196-2199. [doi: 10.2337/dc06-0751] [Medline: 17003292]

Schachinger H, Hegar K, Hermanns N, Straumann M, Keller U, Fehm-Wolfsdorf G, et al. Randomized controlled clinical
trial of Blood Glucose Awareness Training (BGAT 111) in Switzerland and Germany. JBehav Med 2005 Dec;28(6):587-594.
[doi: 10.1007/s10865-005-9026-3] [Medline: 16222412]

Ludvigsson J, Bolli GB. Intensive insulin treatment in diabetic children. Diabetes Nutr Metab 2001 Oct;14(5):292-304.
[Medline: 11806471]

Patient Education in Managing Diabetes (Patientutbildning vid diabetes). Stockholm: Swedish Council on Technology
Assessment in Health Care; 2009. URL : http://www.sbu.se/en/Published/Yell ow/Pati ent-Education-in-Managing-Diabetes/
[accessed 2013-07-26] [WebCite Cache ID 61PFE2pKA]

Murphy HR, Rayman G, Skinner TC. Psycho-educational interventionsfor children and young peoplewith Type 1 diabetes.
Diabet Med 2006 Sep;23(9):935-943. [doi: 10.1111/j.1464-5491.2006.01816.x] [Medline: 16922699]

Hanberger L, Ludvigsson J, Nordfeldt S. Quality of care from the patient's perspective in pediatric diabetes care. Diabetes
Res Clin Pract 2006 May;72(2):197-205. [doi: 10.1016/j.diabres.2005.10.009] [Medline: 16300853]

Peyrot M, International DAWN Youth Survey Group. The DAWN Youth WebTalk Study: methods, findings, and
implications. Pediatr Diabetes 2009 Dec;10 Suppl 13:37-45. [doi: 10.1111/j.1399-5448.2009.00612.x] [Medline: 19930225]
Nicholas DB, Fellner KD, Frank M, Small M, Hetherington R, Slater R, et al. Evaluation of an online education and support
intervention for adolescentswith diabetes. Soc Work Health Care 2012;51(9):815-827. [doi: 10.1080/00981389.2012.699507]
[Medline: 23078013]

van Uden-Kraan CF, Drossaert CH, Taal E, Shaw BR, Seydel ER, van de Laar MA. Empowering processes and outcomes
of participation in online support groups for patients with breast cancer, arthritis, or fibromyalgia. Qual Health Res 2008
Mar;18(3):405-417. [doi: 10.1177/1049732307313429] [Medline: 18235163]

Bartlett YK, Coulson NS. An investigation into the empowerment effects of using online support groups and how this
affects health professional/patient communication. Patient Educ Couns 2011 Apr;83(1):113-119. [doi:
10.1016/j.pec.2010.05.029] [Medline: 20599338]

Eysenbach G. What is e-health? JMed Internet Res 2001;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20] [Medline:
11720962]

Borzekowski DL, Rickert V1. Adolescent cybersurfing for health information: a new resource that crosses barriers. Arch
Pediatr Adolesc Med 2001 Jul;155(7):813-817. [Medline: 11434849]

Stellefson M, Hanik B, Chaney B, Chaney D, Tennant B, ChavarriaEA. eHealth literacy among college students: asystematic
review withimplicationsfor eHealth education. JMed Internet Res 2011;13(4):e102 [ FREE Full text] [doi: 10.2196/jmir.1703]
[Medline: 22155629]

Eysenbach G. Medicine 2.0: socia networking, collaboration, participation, apomediation, and openness. J Med Internet
Res 2008;10(3):e22 [FREE Full text] [doi: 10.2196/jmir.1030] [Medline: 18725354]

Bellazzi R, LarizzaC, Montani S, RivaA, Stefanelli M, dAnnunzio G, et al. A telemedicine support for diabetes management:
the T-IDDM project. Comput M ethods Programs Biomed 2002 Aug;69(2):147-161. [Medline: 12100794]

Jackson CL, Bolen S, Brancati FL, Batts-Turner ML, Gary TL. A systematic review of interactive computer-assisted
technology in diabetes care. I nteractive information technol ogy in diabetes care. J Gen Intern Med 2006 Feb;21(2):105-110
[FREE Full text] [doi: 10.1111/j.1525-1497.2005.00310.x] [Medline: 16390512]

Mulvaney SA, Rothman RL, Wallston KA, Lybarger C, Dietrich M S. An internet-based program to improve self-management
in adolescents with type 1 diabetes. Diabetes Care 2010 Mar;33(3):602-604 [ FREE Full text] [doi: 10.2337/dc09-1881]
[Medline: 20032275]

Verhoeven F, van Gemert-Pijnen L, DijkstraK, Nijland N, Seydel E, Steehouder M. The contribution of teleconsultation
and videoconferencing to diabetes care: a systematic literature review. JMed Internet Res 2007;9(5):e37 [FREE Full text]
[doi: 10.2196/jmir.9.5.€37] [Medline: 18093904]

http://www.jmir.org/2013/8/e175/ JMed Internet Res 2013 | vol. 15 | iss. 8 €175 | p.67

(page number not for citation purposes)


http://dx.doi.org/10.2337/dc07-1863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18235047&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12854337&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2009.00570.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19754618&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11051282&dopt=Abstract
http://dx.doi.org/10.1007/s00125-004-1456-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15258736&dopt=Abstract
http://dx.doi.org/10.2337/dc06-0751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17003292&dopt=Abstract
http://dx.doi.org/10.1007/s10865-005-9026-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16222412&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11806471&dopt=Abstract
http://www.sbu.se/en/Published/Yellow/Patient-Education-in-Managing-Diabetes/
http://www.webcitation.org/6IPFE2pKA
http://dx.doi.org/10.1111/j.1464-5491.2006.01816.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16922699&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2005.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16300853&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2009.00612.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19930225&dopt=Abstract
http://dx.doi.org/10.1080/00981389.2012.699507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23078013&dopt=Abstract
http://dx.doi.org/10.1177/1049732307313429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18235163&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2010.05.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20599338&dopt=Abstract
http://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11434849&dopt=Abstract
http://www.jmir.org/2011/4/e102/
http://dx.doi.org/10.2196/jmir.1703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155629&dopt=Abstract
http://www.jmir.org/2008/3/e22/
http://dx.doi.org/10.2196/jmir.1030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18725354&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12100794&dopt=Abstract
http://europepmc.org/abstract/MED/16390512
http://dx.doi.org/10.1111/j.1525-1497.2005.00310.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16390512&dopt=Abstract
http://europepmc.org/abstract/MED/20032275
http://dx.doi.org/10.2337/dc09-1881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20032275&dopt=Abstract
http://www.jmir.org/2007/5/e37/
http://dx.doi.org/10.2196/jmir.9.5.e37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18093904&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Hanberger et al

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,
50.

51.

52.

53.

Osborn CY, Mayberry LS, Mulvaney SA, Hess R. Patient web portals to improve diabetes outcomes: a systematic review.
Curr Diab Rep 2010 Dec;10(6):422-435 [FREE Full text] [doi: 10.1007/s11892-010-0151-1] [Medline: 20890688]
Franklin VL, Greene A, Waller A, Greene SA, Pagliari C. Patients engagement with "Sweet Talk" - atext messaging
support system for young people with diabetes. JMed Internet Res 2008;10(2):€20 [FREE Full text] [doi: 10.2196/jmir.962]
[Medline: 18653444

Cooper H, Cooper J, Milton B. Technology-based approaches to patient education for young people living with diabetes:
asystematic literature review. Pediatr Diabetes 2009 Nov;10(7):474-483. [doi: 10.1111/].1399-5448.2009.00509.x] [Medline:
19490492]

Flicker S, Goldberg E, Read S, Veinot T, McClelland A, Saulnier P, et a. HIV-positive youth's perspectives on the Internet
and e-health. J Med Internet Res 2004 Sep 29;6(3):e32 [FREE Full text] [doi: 10.2196/jmir.6.3.e32] [Medline: 15471758]
Powell J, Jennings A, Armstrong N, Sturt J, Dale J. Pilot study of avirtual diabetes clinic: satisfaction and usability. J
Telemed Telecare 2009;15(3):150-152. [doi: 10.1258/jtt.2009.003014] [Medline: 19364901]

Jennings A, Powell J, Armstrong N, Sturt J, Dale J. A virtual clinic for diabetes self-management: pilot study. JMed Internet
Res 2009;11(1):e10 [FREE Full text] [doi: 10.2196/jmir.1111] [Medline: 21821504]

Ravert RD, Hancock M D, Ingersoll GM. Online forum messages posted by adolescentswith type 1 diabetes. Diabetes Educ
2004;30(5):827-834. [Medline: 15510534]

Nordfeldt S, Hanberger L, Berteré C. Patient and parent views on a Web 2.0 Diabetes Portal --the management tool, the
generator, and the gatekeeper: qualitative study. JMed Internet Res 2010;12(2):e17 [FREE Full text] [doi: 10.2196/jmir.1267]
[Medline: 20511179]

Ekberg J, Ericson L, TimpkaT, Eriksson H, Nordfeldt S, Hanberger L, et al. Web 2.0 systems supporting childhood chronic
disease management: design guidelines based on information behaviour and social learning theories. JMed Syst 2010
Apr;34(2):107-117. [Medline: 20433049]

Nordqvist C, Hanberger L, Timpka T, Nordfeldt S. Health professional s attitudes towards using a Web 2.0 portal for child
and adol escent diabetes care: qualitative study. JMed Internet Res 2009;11(2):e12 [FREE Full text] [doi: 10.2196/jmir.1152]
[Medline: 19403464]

Nordfeldt S, Hanberger L, Malm F, Ludvigsson J. Development of a PC-based diabetes simulator in collaboration with
teenagers with type 1 diabetes. Diabetes Technol Ther 2007 Feb;9(1):17-25. [doi: 10.1089/dia.2006.0053] [Medline:
17316094]

Nordfeldt S, Ludvigsson J. Adverse eventsin intensively treated children and adol escents with type 1 diabetes. Acta Paediatr
1999 Nov;88(11):1184-1193. [Medline: 10591418]

The Swedish pediatric diabetes quality registry. URL : https.//www.ndr.nu/ndr2/Default.aspx [accessed 2012-10-01] [WebCite
Cache ID 6B64eSKkN3]

Baars RM, Atherton CI, Koopman HM, Bullinger M, Power M, DISABKIDS group. The European DISABKIDS project:
development of seven condition-specific modules to measure health related quality of life in children and adolescents.
Health Qual Life Outcomes 2005;3:70 [FREE Full text] [doi: 10.1186/1477-7525-3-70] [Medline: 16283947]

Bullinger M, Schmidt S, Petersen C, DISABKIDS Group. Assessing quality of life of children with chronic health conditions
and disabilities: a European approach. Int J Rehabil Res 2002 Sep;25(3):197-206. [Medline: 12352173]

Larsson G, Larsson BW, Munck IM. Refinement of the questionnaire 'quality of care from the patient's perspective' using
structural equation modelling. Scand J Caring Sci 1998;12(2):111-118. [Medline: 9801632]

Wilde B, Larsson G, Larsson M, Starrin B. Quality of care. Development of a patient-centred questionnaire based on a
grounded theory model. Scand J Caring Sci 1994;8(1):39-48. [Medline: 8159889]

Leksell J, Funnell M, Sandberg G, Smide B, Wiklund G, Wikblad K. Psychometric properties of the Swedish Diabetes
Empowerment Scale. Scand J Caring Sci 2007 Jun;21(2):247-252. [doi: 10.1111/].1471-6712.2007.00463.x] [Medline:
17559444]

Statistics Sweden. URL: http://www.scb.se/ [accessed 2012-10-01] [WebCite Cache ID 6B65c8uxR]

Hoelzel W, Weykamp C, Jeppsson JO, Miedema K, Barr JR, Goodall |, IFCC Working Group on HbA 1¢ Standardization.
IFCC reference system for measurement of hemoglobin Alc in human blood and the national standardization schemesin
the United States, Japan, and Sweden: a method-comparison study. Clin Chem 2004 Jan;50(1):166-174 [FREE Full text]
[doi: 10.1373/clinchem.2003.024802] [Medline: 14709644]

Nijland N, van Gemert-Pijnen JE, Kelders SM, Brandenburg BJ, Seydel ER. Factors influencing the use of a Web-based
application for supporting the self-care of patients with type 2 diabetes: alongitudinal study. JMed Internet Res
2011;13(3):e71 [FREE Full text] [doi: 10.2196/jmir.1603] [Medline: 21959968]

Suris JC, Akré C, Berchtold A, Bélanger RE, Michaud PA. Chronically connected? Internet use among adol escents with
chronic conditions. JAdolesc Health 2010 Feb;46(2):200-202. [doi: 10.1016/j.jadoheal th.2009.07.008] [Medline: 20113927]
Viklund G, Ortqvist E, Wikblad K. Assessment of an empowerment education programme. A randomized study in teenagers
with diabetes. Diabet Med 2007 May;24(5):550-556. [doi: 10.1111/].1464-5491.2007.02114.x] [Medline: 17367306]
Nordfeldt S, Angarne-Lindberg T, Berteré C. To use or not to use--practitioners perceptions of an open web portal for
young patients with diabetes. JMed Internet Res 2012;14(6):e154 [FREE Full text] [doi: 10.2196/jmir.1987] [Medline:
23137767)

http://www.jmir.org/2013/8/e175/ JMed Internet Res 2013 | vol. 15 | iss. 8 |e175 | p.68

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20890688
http://dx.doi.org/10.1007/s11892-010-0151-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20890688&dopt=Abstract
http://www.jmir.org/2008/2/e20/
http://dx.doi.org/10.2196/jmir.962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18653444&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-5448.2009.00509.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19490492&dopt=Abstract
http://www.jmir.org/2004/3/e32/
http://dx.doi.org/10.2196/jmir.6.3.e32
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471758&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2009.003014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19364901&dopt=Abstract
http://www.jmir.org/2009/1/e10/
http://dx.doi.org/10.2196/jmir.1111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821504&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15510534&dopt=Abstract
http://www.jmir.org/2010/2/e17/
http://dx.doi.org/10.2196/jmir.1267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20511179&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20433049&dopt=Abstract
http://www.jmir.org/2009/2/e12/
http://dx.doi.org/10.2196/jmir.1152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19403464&dopt=Abstract
http://dx.doi.org/10.1089/dia.2006.0053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17316094&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10591418&dopt=Abstract
https://www.ndr.nu/ndr2/Default.aspx
http://www.webcitation.org/6B64eSkN3
http://www.webcitation.org/6B64eSkN3
http://www.hqlo.com/content/3//70
http://dx.doi.org/10.1186/1477-7525-3-70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16283947&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12352173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9801632&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8159889&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-6712.2007.00463.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17559444&dopt=Abstract
http://www.scb.se/
http://www.webcitation.org/6B65c8uxR
http://www.clinchem.org/cgi/pmidlookup?view=long&pmid=14709644
http://dx.doi.org/10.1373/clinchem.2003.024802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14709644&dopt=Abstract
http://www.jmir.org/2011/3/e71/
http://dx.doi.org/10.2196/jmir.1603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21959968&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2009.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20113927&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2007.02114.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17367306&dopt=Abstract
http://www.jmir.org/2012/6/e154/
http://dx.doi.org/10.2196/jmir.1987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23137767&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Hanberger et al

55.

56.

Greene JA, Choudhry NK, Kilabuk E, Shrank WH. Online social networking by patients with diabetes: a qualitative
evaluation of communication with Facebook. J Gen Intern Med 2011 Mar;26(3):287-292 [FREE Full text] [doi:
10.1007/s11606-010-1526-3] [Medline: 20945113]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [ FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Abbreviations

CSlI: subcutaneous continuous insulin infusion

DCCT: Diabetes Control and Complications Trial Research Group
DES: diabetes empowerment scale

HbA1c: hemoglobin Alc

HRQOL: health-related qudlity of life

NGSP: National Glycohemoglobin Standardization Program

QPP: quality from the patients' perspective

SWEDIABKIDS: Swedish pediatric diabetes quality registry
SWE-DES-SF-10: Swedish diabetes empowerment scale, short version

Edited by G Eysenbach; submitted 08.11.12; peer-reviewed by SMulvaney, A Mostaghimi, M Hendrix; commentsto author 08.03.13;
revised version received 19.04.13; accepted 12.06.13; published 23.08.13.

Please cite as:

Hanberger L, Ludvigsson J, Nordfeldt S

Use of a Web 2.0 Portal to Improve Education and Communication in Young Patients With Families: Randomized Controlled Trial
J Med Internet Res 2013;15(8):e175

URL: http://www.jmir.org/2013/8/e175/

doi:10.2196/jmir.2425
PMID: 23973555

©Lena Hanberger, Johnny Ludvigsson, Sam Nordfeldt. Originally published in the Journal of Medical Internet Research
(http://lwww.jmir.org), 23.08.2013. Thisis an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright and licenseinformation
must be included.

http://www.jmir.org/2013/8/e175/ JMed Internet Res 2013 | vol. 15 | iss. 8 |e175 | p.69

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20945113
http://dx.doi.org/10.1007/s11606-010-1526-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20945113&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.jmir.org/2013/8/e175/
http://dx.doi.org/10.2196/jmir.2425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23973555&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Aartset d

Original Paper

Barriers and Facilitators for the Implementation of an Online
Clinical Health Community in Addition to Usual Fertility Care: A
Cross-Sectional Study

Johanna WM Aarts', MD, PhD; Marjan J Faber?, PhD; Anne G den Boogert', MD; Ben J Cohlen®, MD, PhD; Paul
JQ van der Linden*, MD, PhD; Jan AM Kremer, MD, PhD; Willianne LDM Nelen*, MD, PhD

1Radboud University Nijmegen Medical Center, Department of Obstetrics and Gynecology, Radboud University, Nijmegen, Netherlands
2Radboud University Nijmegen Medical Center, Scientific Institute for Quality of Healthcare, Nijmegen, Netherlands

SIsalaClinics, Fertility Center Isala, Zwolle, Netherlands

“Deventer Hospital, Department of Obstetrics and Gynecology, Deventer, Netherlands

Corresponding Author:

JohannaWM Aarts, MD, PhD

Radboud University Nijmegen Medical Center
Department of Obstetrics and Gynecology
Radboud University

PO Box 9101

Nijmegen, 6500 HB

Netherlands

Phone: 31 243668666

Fax: 31 243617351

Email: a.aarts@obgyn.umcn.nl

Abstract

Background: Online health communitiesare becoming more popular in health care. Patients and professional s can communicate
with one another online, patients can find peer support, and professionals can use it as an additional information channel to their
patients. However, the implementation of online health communities into daily practice is challenging. These challenges relate
to the fact that patients need to be activated to (1) become a member (ie, subscription) and (2) participate actively within the
community before any effect can be expected. Therefore, we aimed at answering 2 research questions: (1) what factors are
associated with subscription to an online health community, and (2) which are associated with becoming an active participant
within an online health community.

Objective: To identify barriers and facilitators as perceived by patients for the implementation of an online health community.

Methods: We performed a cross-sectional study. Three Dutch fertility clinics (2 1VF-licensed) offered their patients a secure
online clinical health community through which clinicians can provide online information and patients can ask questions to the
medical team or share experiences and find support from peers. We randomly selected and invited 278 men and women suffering
from infertility and attending 1 of the participating clinics. Participants filled out a questionnaire about their background
characteristics and current use of the online community. Possible barriers and facilitators were divided into 2 parts: (1) those for
subscription to the community, and (2) those for active participation in the community. We performed 2 multivariate logistic
regression analyses to calculate determinants for both subscription and active participation.

Results.  Subscription appeared to be associated with patients background characteristics (eg, gender, treatment phase),
intervention-related facilitators (oddsratio [OR] 2.45, 95% ClI 1.14-5.27), and patient-rel ated barriers (OR 0.20, 95% CI 0.08-0.54),
such as not feeling the need for such an online health community. After subscription, determinants for participation consisted of
aspects related to participant’s age (OR 0.86, 95% Cl 0.76-0.97), length of infertility (OR 1.48, 05% CI 1.09-2.02), and to
intervention-related facilitators (OR 5.79, 95% Cl 2.40-13.98), such as its reliable character and possibility to interact with the
medical team and peers.

Conclusions: Implementing an online health community in addition to usua fertility care should be performed stepwise. At
least 2 strategies are needed to increase the proportion of patient subscribers and consequently make them active participants.
First, the marketing strategy should contain information tailored to different subgroups of the patient population. Second, for a
living online health community, incorporation of interactive elements, as well as frequent news and updates are needed. These
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results imply that involving patients and their needs into the promotion strategy, community’s design, and implementation are

crucial.

(J Med Internet Res 2013;15(8):€163) doi:10.2196/jmir.2098
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community networks; infertility; Internet; quality of health care; patient-centered care

Introduction

In health care today, it is of pivotal importance to take into
account the patient’s perspective of care. Patients wish to play
an active role, are informed, and prefer involvement in the
decision-making process[1-4]. Thissocietal trend is especially
visible in the field of reproductive medicine. A plethora of
studies have described theimportance of involving the patient’s
perspective in fertility care and addressed the switch toward
more collaboration and partnership with our patients [5-11].
Patients need support from peers, prefer complete and reliable
information, wish to communicate online with their clinicians,
and want to have easier access to care [12-14]. The
developments around Web 2.0, in which the Internet is used as
an interactive medium characterized by participation and
collaboration between people on the Internet [15-16], provides
us with possibilities to fulfill these patients’ needs. Web 2.0
technologies can integrate large amounts of information, which
isespecialy useful in the rapidly evolving field of reproductive
medicine in which new insights come and go [17]. Moreover,
the Internet can also connect patients to others who are facing
the same problem more simply than clinicians can [18-20]. In
this respect, the usage of Web 2.0 technologies, such asforums
and blogs, are gaining amore prominent position within health
care[18,21,22].

The use of these technologies in online health communitiesin
addition to usual care is gaining popularity [18,23]. Previous
studies indicated that the integration of Web 2.0 technologies
in health care might bring benefits for both patients and
professionals in terms of patient empowerment and the
possibility to tailor care more appropriately to the needs of
patients, also known as patient-centeredness of care
[14,21,23-25]. Also, the increasing demand from patients for
such communities have led several health care organizations,
such as Johns Hopkins Hospital and The Cleveland Clinic, to
establish online communities and discussion forums as part of
their patient-support services[26]. However, adoption of online
health communitiesis challenging and many interventionslack
the ability to maintain usage in the long term [22,27-30].
Potential users should be tempted to join the online health
community and, for sustainability, he or she also needs to be
challenged to participate actively [30,31]. Chiu and Eysenbach
[31] identified 4 stages of using Internet-based interventions
that are relevant before positive outcomes can be expected: (1)
consideration, (2) initiation, (3) utilization, and (4) outcomes.
Every stage has its own barriers, of which adjustment might
eventually improve the implementation. Thus, systematically
inventorying these factors that facilitate or hinder the use of
theseinterventionsiscrucia in devel oping targeted and effective
implementation strategies [32].

http://www.jmir.org/2013/8/e163/

Inthiscross-sectional study, we aimed at identifying the barriers
and facilitators for the implementation of an online health
community in addition to usual fertility care. Therefore, we
aimed at answering 2 research questions: (1) what factors are
associated with subscription to an online health community,
and (2) which are associated with becoming an active participant
within an online health community?

Methods

Setting

In the Netherlands, couples with impaired fertility can be
referred by their general practitioner to a gynecologist in a
hospital for further assessment of their fertility problem and for
intrauterine insemination (1U1) and ovulation induction (Ol) as
the first treatment possibilities. In vitro fertilization (IVF),
including intracytoplasmatic sperm injection (ICSl), is only
performed in 13 IVF-licensed clinics in the Netherlands. In
some hospitals without an 1V F laboratory, physicians can start
up and monitor IVF, perform the oocyteretrieval, and then refer
the patient to an IVF clinic for embryo transfer (transport clinic).
The Dutch national health care system reimburses the costs of
the diagnostic work up, 6 IUI and all Ol cycles, and the first 3
IVF cycles. The clinics participating in this study were 2
IVF-licensed clinics and 1 transport clinic.

Description of an Online Health Community in
Addition to Usual Fertility Care

An online health community was constructed asamembers-only
online community provided by an online platform for online
health communities, MijnZorgnet (MyCareNet) [33]. Anonline
health community offered several functions. First, by means of
blogs, professionals could inform their patients about relevant
news. Second, it provided 2 separate discussion forums: onein
which patients could share experiences and communicate with
one another, the other in which patients could ask questionsto
the medical team. Third, it contained a media gallery in which
patients could find digita information leaflets on
infertility-related topics. The 3 clinics participating in this study
offered such a secured online health community to their own
patient population in addition to usual care.

The setup of an online health community was initiated by the
head of the department of the 3 different clinics and aimed for
improvement of patient-centeredness of care. In every clinic, a
nurse or medical assistant was assigned to act asthe community
manager, responsible for maintenance of the online health
community. To become a member, patients used their personal
digital identification code to create a profile on the platform of
MijnZorgnet [33]. After log-in, patients had to send a
membership request to get access. Patients were granted access
after subscription with their patient identification number of the
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hospital. At all 3 clinics, generic information leaflets about the
online health community were distributed personally to invite
infertile patients to become amember. These patients had their
intake visit, underwent a diagnostic work up, or had a fertility
treatment, including Ol, [UI, or IVF/ICSI.

Development of Questionnaire

The questionnaire was aimed at identifying aspects relevant to
subscribing and active participating in the online health
communities. The first part of the questionnaire consisted of
guestions on background characteristics (eg, age) and
characteristicsrelated to their fertility problems (eg, treatment).
The second part included items concerning possible barriers
and facilitatorsfor subscription to the online health community
(part 1), and barriers and facilitators for active participation
within the online health community (part 2). I[temsfor this part
of the questionnaire were generated from semistructured
interviews with 8 patients, conducted for this purpose. All 8
patients had heard about the community, but only 6 decided to
subscribe. These patients were asked about the aspects that may
impede or facilitate subscription to and participation in the
online community and its value for current health care.
Interviewswererecorded and transcribed verbatim. Transcripts
werethematically analyzed by 2 researchersindependently and
discussed among them to increase coding reliability. Then they
divided these items independently into possible barriers and
possible facilitators for subscription and participation
respectively. They used the 4 domains according the framework
of Cabana et a [34] as a framework: patient-related
characteristics, intervention-related characteristics,
professional-related characteristics, and characteristics of the
context in which the intervention was applied. Differences in
categorization between researchers were small and consensus
was mostly promptly achieved. Although we chose to base the
internal consistency of these domains on rigorously performed
qualitative analysis, we also calculated Cronbach al phafor each
domain as additional information for readers.

These 46 items were converted to astatement. Patients answered
at a 4-point Likert scale indicating total disagreement (1) to
total agreement (4) with a particular item as a barrier or
facilitator for subscribing to or participating in the online health
community. All barriers and facilitators were applicable for
both subscribing to and participating in the community. Others
only applied to active participation, such as“thewebsite doesn’t
encourage posting comments or reactions.”

Thefinal questionnairewas pretested among 5 patientsresulting
in few textua adjustments and the removal of 2 questions.

Participants and Data Collection

We invited patients who attended 1 of the 3 fertility clinicsthat
participated in this study. We aimed at inviting both patients
who were amember of the online health community and patients
who were informed about the startup of the online infertility
community, but did not subscribe to the community. From the
online infertility communities members databases, the main
researcher randomly selected half of the patients (n=141) to
participate in the study. To identify patients who had not
subscribed to the online infertility community, the community
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managerslisted all patientsthat visited the clinicin the previous
2 weeks for an intake consultation, diagnostic assessments, or
a fertility treatment. We deleted patients from the lists who
already subscribed to the online infertility community.
Thereafter, we randomly selected patients from these lists and
invited both partners of acouple separately to participatein this
study. The proportion of subscribed versus nonsubscribed
patients was 1:2, foreseeing a lower response rate of
nonsubscribed patients. All participants received aquestionnaire
package by mail 6 months after the setup of the onlineinfertility
community. The questionnaire package was accompanied by
instructions, a refusal form, and a stamped return envelope.
Participation in the study was voluntary and anonymous. In the
Netherlands, institutional ethics committee approval was not
required for this study. Participants were sent a reminder at 3
and 5 weeks following the initial mailing, respectively. Figure
1 presents an overview of the data collection and analysis
procedure.

Data Analysis

Overview

Data from incoming questionnaires were entered into SPSS
version 16.0 for Windows (SPSS Inc, Chicago, IL, USA).
Participants who filled out less than 50% of the questionnaire
were removed from the database. We used descriptive statistics
to present background characteristics of the study population.
Answers to open-ended questions were synthesized and
categorized. We performed bivariate and multivariate logistic
regression analyses to determine factors associated with
subscription to (analysis 1) and active participation in (analysis
2) the onlineinfertility community.

I ndependent Variables

In both analyses, we used all patients’ background characteristics
(part 1 of questionnaire) combined with the 7 categories of
barriers and facilitators (eg, intervention-related category; see
Table 1) asindependent variablesthat were based on rigorously
performed qualitative analysis. For analysis 1, we used the
categories that were composed of those items that were only
applicable for subscription (see Table 1). For analysis 2, we
used all 7 categories, composed of the 44 singleitems. Table 1
also showsthe statistical reliability of these categories presented
as Cronbach alpha. For both analyses, we used per category
mean sum scores cal cul ated as the mean score of each individual
item divided by the number of items within the category.

Dependent Variables

For analysis 1, the dichotomous dependent outcome variable
included the question whether they subscribed or did not
subscribe to the online infertility community (0=no; 1=yes). In
analysis 2, the dependent variable consisted of the activity of a
participant within the onlineinfertility community (0 = inactive;
1 = active). We categorized the latter based on self-reported
activity. Inactive members had not visited the online infertility
community at all after subscription or just a few times without
further action. Active users had read the content, visited the
online infertility community daily, posted messages, or asked
online questions to the medical team. These categories were
derived from a social participation ladder [35].
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In both analyses, we performed Pearson correlation tests to
check for collinearity between the independent variables.
Whenever acorrelation between 2 variableswas more than 0.6,
we excluded 1 of those from further analysis. Then, we
conducted bivariate logistic regression analysis for each of the
independent variables with the 2 different dependent variables.

Figure 1. Overview of inclusion procedure participants.

GROUF 1
Patients not subscribed to the
community
n =310 individual patients
[frem 155 couples)

152 respondents

Aartset a

Variables with P<.20 were found to be eligible for multivariate
regression analysis. A backward sel ection method was applied,
and we considered factorswith P<.05 significant. We calculated
adjusted odds ratios (ORs), P values, and 95% confidence
intervals (95% Cl).

GROUP 2
Patients subscribed to the
carmmunity
n = 141 individual patients

116 respondents

Cuestionnaire package including:

- Questions on background characteristics
- Part 1 barriers & facilitatars

« Questions on background characteristics
- Questions on usage community

- Part 1 barriers & facilitators

- Part 2 barriers & facilitators

Cuestionnaire package including:

*
Analysis 1 {group 1 and 2; n =255} :
barriers and facilitators to subscribe to the
cammunity

L]
Analysis 2 [proup 2; n =112} @
barriers and facilitators to become active
members in the community

f 3
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Table 1. Barriers and facilitators into domains? resulting from the qualitative analysis.

Aartset a

Barriers and facilitators Subscription

Cronbach al phab

Active participation

Included in Included in
theanalysis  Cronbach a phab the analysis

Barriers

Related to patient 77
I’d rather call when | have a question about my treatment
I’d rather have face-to-face contact with my doctor/nurse
| don’t need peer support
| don’'t need awebsite like this
Participating in this community does not fit my personality
I have enough knowledge about infertility and treatments
| have enough people (family and friends) to talk to about my feelings
| have little Internet experience

Related to intervention in general .50
| didn’t hear about it
I’'m afraid that my privacy is not guaranteed at this website
| could not find the website and/or community easily
| experienced problems during log-on with my digital identity
| don’t know who the other patient members are

Related to the intervention’s content n/a
Too little new information is posted on the website, such as blog
messages
The website does not provide much information (yet)
The layout of the website doesn’t invite to participate actively
| think the website is poorly organized
The website doesn’t encourage posting comments or reactions
| find using the website difficult/complicated
The layout of the website consists of too much text
| have to learn how to use the community

Facilitators
Related to the patient .52

Inmy daily life | makeuse of social networking sites, such asLinkedin
or Facebook

| think it might be fun to use acommunity like this
| have few people to talk to about my fertility problems and feelings
| like to read about new facts (new treatments, research)

| can help other patients by responding to questions or sharing expe-
riences

Related to theintervention 75
Within the community | can share experiences with peers
Here | can easily ask questions to my physicians and nurses

The website has a safe impression because | have to log in using my
digital identity

| can easily find information on this website

< < < < < < < <

< < < < < < < <

.46

< < < < <

.85

<

< < < < < < <

< < < <

.83
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Barriers and facilitators Subscription Active participation
Included in Included in
Cronbach al phab theanalysis  Cronbach d phab the analysis
If | forgot to ask something during my appointment, | can do it here Y
afterwards
Here | can also find information that | wasn't looking for Y
I know that the other members in the community are patientsin the Y
same hospital
| can learn from the questions other people ask Y
| can outlet my stories at this website
Theinformation provided at the websiteisreliable Y
Related to the context .69 .64
The virtual infertility community is something new Y Y
My own doctor advised to meto use the virtual infertility community Y Y
The virtual infertility community is a valuable addition to usual care Y Y
Care becomes more patient-centered by offering this community to Y Y
patients
Nowadays, everything is digital
Related to the professional n/a .61
Also my medical team participates actively within the community
| like to read the opinion of my doctors about (new) research and Y
treatments
Because my doctors and nurses answer my questions online, it im- Y

proves my relationship with them

8A ccording the framework of Cabana et al [34].

Results

Overview

Figure 1 presents a schematic overview of the numbers of
patients that were invited, responded, and were €ligible for
analyses. We invited 141 members from 1 of the 3 clinics
online health communities to participate in the study and 116
responded (82.3%). In addition, weinvited both partners of 155
couples (310 individual patients) among the nonsubscribed
population to participate with a response rate of 52.3%
(162/310). The main reason for nonparticipation was “not
willing to participate in research in general.” In addition, 23
participants were removed from further analyses, because they
filled out less than half of the questions on the questionnaire.
Table 2 shows the background characteristics of our study
population divided into 3 groups: the unsubscribed group of
patients, the subscribers, and the active participants. From the
total group of participants (N=255), 184 patients had heard
about the online infertility community, and 111 had actually
subscribed. Figure 2 presents the self-reported activity of the
members of 1 of the online health communities (n=112; 1
missing). This number isthe sum of the number of participants
that we recruited from each of the online health communities
that participated in this study.

http://www.jmir.org/2013/8/e163/

Statistical Analyses

Tables 3 and 4 present means of sum scores, including standard
deviations, for each subscale. No variableswere excluded from
the analyses based on collinearity.

Bivariate Relationships: Subscribers Versus
Nonsubscribers

Table 3 displaysthe bivariate rel ationship between each subscale
and subscription. All subscales were significantly associated
with subscription in these analyses.

Bivariate Relationships. Active VersusNonactive Groups

Table 4 presentsthe bivariate rel ationship between each subscale
and active participation. All but 2 (ie, barriers related to the
intervention in general and the intervention’s content), were
significantly associated with active participation.

Multivariate Relationships: Subscribers Versus
Nonsubscribers

As presented in Table 5, in the multivariate logistic regression
analysis, 5 variables predicted the willingness to subscribe to
the online health community. for instance, the sum score of the
barriers in the patient-related subscale significantly predicted
thewillingness of patientsto subscribe. the higher the sum score,
the more patients perceived this category as a barrier. Patients
characteristics, such asethnicity, educational level, and average
hours of Internet use per week, and context-related and
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patient-related facilitators did not survive the multivariate online health community after subscription. for example, the
regression analysis. the estimation of the explained varianceof sum score of intervention-related facilitators was associated
this multivariate regression model (R? =0.48). significantly with active participation within the online infertility

community. Other patients' characteristics did not survive the

Multivariate Relationships: Actives Versus Nonactives | 1o regression analysis (R? =0.39).

As can be seen in Table 6, 3 variables were determinants for
the willingness of patients to participate actively within the

Table 2. Participants' background characteristics divided in three groups (unsubscribed, subscribed, and participation groups).

Demographic and treatment characteristics Unsubscribed Subscribed Active
(n=134) (n=121) (n=74)

Gender, n (%)

Male 54 (40.6) 12 (9.8) 3(4.4)
Female 80 (59.4) 109 (90.2) 71 (95.6)
Age (years), mean (SD) 33.3(6.1) 334 (5.4) 32.2(3.8)

Ethnic background, #n (%)
Dutch 124( 93.0) 113 (93.4) 70 (94.1)
Non-Dutch 10(7.0) 8(6.6) 4(5.9)

Level of education, b (%)

Low-middle 62 (46.2) 43 (35.8) 30(41.2)
High 72 (53.8) 78 (64.2) 44( 58.8)
Duration of infertility (years), mean (SD) 29(1.9 34(2.3) 3.8(2.7)

Diagnosis, n (%)

Male factor® 43(32.2) 43(35.7) 27 (36.8)
Female factor® 38(28.7) 33(27.7) 21(27.9)
Both® 19 (14.0) 15 (12.5) 7(8.8)

Unexplained 34(25.2) 27 (22.3) 11 (14.7)

Treatment type, n (%)

No treatment yet 25 (18.6) 7(6.0) 2(3.0)

ART 58 (43.3) 85( 70.2) 60 (81.0)

non-ART9Y 50 (37.1) 29(23.8) 12 (16.0)
Characteristicsrelated to Internet use

Internet use per week (hours), mean (SD) 17.1(13.7) 18.9(13.4) 19.3(14.1)

Appreciation community (1-10), mean (SD) 82(1.2) 8.7 (1.0) 9.0 (1.0)

8For ethnic background we used the Statistics Bureau Netherlands classification. This Dutch governmental institution classifies ethnicity according to
citizens' country of birth and to that of their parents. Immigrants include both those who are foreign-born (first generation) and those who have at least
1 foreign-born parent (second generation). Categories were: (1) native Dutch, (2) Western or westernized origin (Europe, the United States, Canada,
Australia, New Zealand, Japan, and Isragl), (3) non-Western origin, immigrants from remaining countries, including Morocco, Surinam, and Turkey.

b ow-middle: primary or lower vocational education and secondary or intermediate vocational education; high: higher professional education or
university.

“Low semen quality.

9 rregular ovulation, polycystic ovary syndrome, tubal factor, severe endometriosis, mucus hostility.

®Both male and female infertility diagnosis found.

fAssisted reproductive technology (ART) encompassed IVF, ICSI, cryopreservation, and testicular sperm extraction.

9Non-ART included ovulation induction and intrauterine insemination with or without controlled ovarian stimulation.
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Figure 2. Typesof users by self-reported activity according to a participation ladder.
» Operationlization in this study
R Pested camment on blog
e » Asked questions to medical
40,2 % |n=45] i
Active Wisits the commmunity daily
Jainers " Read blog messages
25,85 [n=293) Posted message or reaction
at forum
l Spectators N Just loeked around a few
304 % [n=34) i times
Imactive
IRacthoes - Me activity at all after
1.8 % {n=3) subscription
Table 3. Means (range 1-4), standard deviations, and bivariate relationships of subscribers versus nonsubscribers.
Subscales Mean sum score® (SD) Bivariate relationship
Subscribers Nonsubscribers OR 95% ClI P value
(n=121) (n=134)
Barriers
Related to the patient 1.71 (0.43) 1.98 (0.63) 040  0.25-0.65 <.001
Related to the intervention in general 1.41 (0.53) 1.81(0.76) 0.39 0.26-0.59 <.001
Related to the intervention’s content? N/A N/A N/A
Facilitators
Related to the patient 2.19(0.71) 1.95 (0.74) 159 112-227 .009
Related to the intervention 2.97 (0.67) 2.60 (0.84) 231 1.81-4.85 .001
Related to the context 2.67 (0.58) 2.40 (0.70) 189 1.27-2.83 .002
Related to the professional® N/A N/A N/A

3\iean sum score calculated as the mean score of each individual item divided by the number of items within the category.
BN/A: this subscale was only used in analysis of active participation.
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Table 4. Means (range 1-4), standard deviations, and bivariate relationships of nonactive versus active users.

Subscales Mean sum score? (SD) Bivariate relationship
Nonactives Actives OR 95% ClI P value
(n=37) (n=74)
Barriers
Related to the patient 1.92 (0.52) 1.57 (0.52) 0.22 0.08-0.57 .002
Related to the intervention in general 1.56 (0.57) 1.42(0.42) 047  0.20-1.07 .07
Related to the intervention’s content 1.71 (0.59) 1.63 (0.59) 063 0.33-1.22 a7
Facilitators
Related to the patient 2.09 (0.65) 2.56 (0.55) 312 157621 <.001
Related to the intervention 2.56 (0.67) 3.07 (0.52) 532 2431167 <.001
Related to the context 2.45 (0.53) 2.81(0.59) 261 130526 .007
Related to the professional 2.51(0.72) 2.91 (0.68) 260  1.42-4.77 .002

3\lean sum score calculated as the mean score of each individual item divided by the number of items within the category.

Table5. Multivariate relationship of background characteristics and sum scores of barriers and facilitators to subscribe to the online health community.

Independent variable OR 95% ClI P value Interpretation

Female 10.52 1.55-71.41 .02 Women more likely to subscribe than men.

IVF treatment 3.18 1.28-7.94 .01 IV F-treated patients more likely to subscribe than non-VF-
treated patients.

Duration of infertility (years) 1.35 1.09-1.69 .007 The longer the patient’s wish for a child, the more likely
they will subscribe.

Patient-related barriers 0.20 0.08-0.54 <.001 Patients perceiving patient-related barriers (eg, rather face-
to-face) are less willing to subscribe.

Intervention-related facilitators 245 1.14-5.27 .02 Patients perceiving intervention-rel ated facilitators are more

likely they are to subscribe.

Table 6. Multivariate relationship of background characteristics and sum scores of barriers and facilitators to participate actively within the online

health community after subscription.

Independent variable OR 95% ClI P value Interpretation

Age 0.86 0.76-0.97 Theyounger the patients, the morelikely that they will partic-
ipate.

Duration of infertility (years) 1.48 1.09-2.02 The longer the patient’s wish for achild, the more likely they
will participate.

Intervention-related facilitators 5.79 2.40-13.98 <.001 Patients perceiving intervention-related facilitators are more

likely they are to participate actively.

Discussion

Principal Findings

In this study, we identified barriers and facilitators for
subscription and for active participation in an online health
community offered in addition to usual fertility care.
Subscription appeared to be associated with several patients
background characteristics, patient-related barriers, and
intervention-rel ated facilitators. After subscription, determinants
for active participation consisted of participant’s age, length of
infertility, and aspects related to characteristics of the online
health community itself. to the best of our knowledge, this study
is unique because we analyzed the barriers and facilitators for

http://www.jmir.org/2013/8/e163/

RenderX

using an Internet intervention into different phases. This
provided more detailed information for future implementation
strategies, which should takeinto account these different phases
[31].

Meaning of the Study

This study provides directions on devel oping atargeted strategy
to engage patients, in terms of subscription and active
participation, in the online health community as part of the
implementation of an online health community [33].

We found that intervention-related characteristics, such as
sharing experiences and finding relevant information, facilitated
patients' decisions to subscribe to the online health community
and, thus, appealed to most of their needs. However, this did
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not account for all patients. Our results also show that
patient-rel ated barriers are strongly associated with subscription:
the more patient-related barriers a patient perceives, the less
likely it isthat he or she will subscribe. This category consists
mostly of internal motivational barriers (eg, no added value)
instead of external motivational barriers (eg, lacking correct
skills) [36]. It could be the case that a number of people do not
feel afit with their personality. It then could be argued whether
we should put too much effort into engaging people who cannot
be motivated. However, an implicit explanation of our finding
could be based on underlying high anxiety levels, which is not
uncommon among infertile patients [37]. Anxious patients
generally focus on completing simple tasks of daily living and
possibly may not believe that they would benefit from an
Internet intervention that comes on top of everything else[38].
However, these patients often have more need for reliable
information and support from staff and peers[9], which can be
provided by the online community. Therefore, we might need
to spend more time identifying patients who might benefit and
promoting the community actively among them. in addition,
we should evaluate their experiences to optimize the
community’s content.

Furthermore, our results show that these patients were primarily
female, undergoing IVF treatment, or had alonger duration of
childlessness. Based on these results, it may seem clear-cut that
we should focus on these groups of patients, but because of the
cross-sectional design of our study, it is unknown in what way
we should interpret the direction of this association. Either
patients meeting these characteristics have more need for an
online health community than, for instance, men or patients
undergoing non-1V F treatments, or the way in which the content
of the online health community ispromoted only appealstothis
subgroup. for instance, there are gender differences in needs,
the experience of infertility, and strategies for coping with
fertility-related problems, athough infertility is considered a
couples’ condition [12,35,39]. Men tend to adopt task-oriented
interaction styles[40] and consequently place greater importance
on (medical) information than on emotional support groupsin
contrast to women [41-43]. Furthermore, it is known that
patients undergoing diagnostic assessments or a first 1UI
treatment cycle also have great information needs[44] and suffer
from the same emotional impact of being infertile as IVF
patients[7,44,45]. Therefore, our results might reflect alack of
acknowledgment of the burden of treatment for men and
non-1VF patients, which is still present in infertility services.
Thus, the online infertility community could have been
unintentionally promoted more prominently among 1V F-treated
and female patients. in our study, 24% of patients had not heard
about the community. This might jeopardize equitability of care,
which is also an important component of present-day
high-quality care. the Internet has the capability to reach many
people at the same time. However, clinics should assess the
needs and expectations of different specified target groups
within their patient population to tailor the promotion strategy
of the online health community more appropriately to these
groups. We would generally expect that the process of tailoring
would make more content relevant to more people. Clinics
should make sure they do not rule out certain subgroups, such
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asmen, in their strategy to promote the community, especially
in terms of equitability of care.

In this study, we also investigated those factors that could
contribute to active participation within the online health
community after subscription. We know from many studiesthat
attrition afterwardsis often very high [22,28]. Previous studies
have shown that Internet-based interventions only have a fair
chanceto be effective if members are active participants[29,30].
in our study, almost 70% of subscribers participated actively,
whichisafairly high amount. Age and length of infertility were
associated with active participation, although these were not
strong predictors (given their 95% Cls approaching 1.00).
Furthermore, echoing other studies' results, this study found
that intervention-related characteristics play an important role
in facilitating active participation in 2 ways. First, the types of
technol ogies used in the community, such asblogs, forums, and
wikis, make up the interactive element of the intervention
through which patients can share experiences with others and
communicate with their doctors. These types of technologies
are believed to increase participation and reduce attrition
because people get agreater feeling of engagement to the online
health community [18,30,46-48]. Thisisconfirmed in our study.
Second, the content of the community—a combination of
peer-to-peer communication, patient-to-professional
communication, and information provision—facilitated active
participation, which implies that it fulfilled subscribers needs
generating value for them. This underlines that it is important
to tailor the intervention to patient’s needs.

Although the subscale professional -rel ated facilitators, including
active participation from the medical team in the online
community, did not survive the multivariate regression analysis,
it appeared to have afairly strong bivariate relationship to active
participation. This is in-line with findings in some previous
studies: frequent news updates and active participation from
clinicians attract patients [47-50]. However, clinicians do aso
perceive barriers for participating within these types of
Internet-based interventions [49,51-54], such astime constraints
or lack of knowledge of benefits. Future studies should
investigate what specific barriers and facilitators clinicians
experience as a next step in the development of a tailored
implementation strategy.

Limitations and Strengths

A strength of our study is that the questionnaire was based on
the factors identified by qualitative research. This method
assures that the survey is not testing the authors' personal
hypothesis, but represents the compl ete spectrum of the factors
related to adoption of an onlineinfertility community. Another
strong point isthe fact that we obtained arepresentative sample
of participantsand questioned themin areal-life setting instead
of an experimental one. the online health community was added
to usua care in the clinic they visited. This contributes to the
validity of our findings. a difficulty of this study relates to the
guestion whether it can be generalized to other contexts, such
as other clinics or other countries. Another context might bring
about other barriers and facilitators for the adoption of this
intervention. Nevertheless, most factors can be considered
universal and probably not specifically related to the Dutch care
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setting. asecond limitation is that we were not ableto measure  Conclusions
patients activity within the online health community

o N Y In this questionnaire study, we searched for factors that are
objectively, but used self-reported activity instead. Third, it

. . . ; i associated with subscription to and subsequent active
would have been interesting to include every single item from  ,aicination in an online fertility community in addition to

the questionnaire into the regression model. HOWever, OUr g 5 care delivery. We concluded that being female, undergoing
sample sizewastoo small becausewe needed at least 20 patients v/ regtment, patient-related barriers, and intervention-rel ated

for each additional independent variable in the model [S5].  fxijitators are associated with subscription to the community.

Therefore, we narrowed the number of independent variables  paricipant's age, length of infertility, and intervention-related

by using subscales based on rigorously performed qualitative  oqateristics facilitated the active participation of these

analysis. subscribers within the online community. These results imply
that involving patients and their needs into the promotion
strategy, the community’s design, and the implementation plan
arecrucial.
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Abstract

Background: Consumer use of mobile devices as health service delivery aids (mHealth) is growing, especialy as smartphones
become ubiquitous. However, questions remain as to how consumer traits, health perceptions, situational characteristics, and
demographics may affect consumer mHealth usage intentions, assimilation, and channel preferences.

Objective: We examine how consumers' personal innovativeness toward mobile services (PIMS), perceived health conditions,
health care availability, health care utilization, demographics, and socioeconomic status affect their (1) mHealth usage intentions
and extent of mHealth assimilation, and (2) preference for mHealth as a complement or substitute for in-person doctor visits.

Methods: Leveraging constructs from research in technology acceptance, technology assimilation, consumer behavior, and
health informatics, we developed a cross-sectional online survey to study determinants of consumers mHealth usage intentions,
assimilation, and channel preferences. Data were collected from 1132 nationally representative US consumers and analyzed by
using moderated multivariate regressions and ANOVA.

Results: The results indicate that (1) 430 of 1132 consumers in our sample (37.99%) have started using mHealth, (2) alarger
guantity of consumers are favorable to using mHealth as a complement to in-person doctor visits (758/1132, 66.96%) than as a
substitute (532/1132, 47.00%), and (3) consumers PIM S and perceived health conditions have significant positive direct influences
on mHealth usage intentions, assimilation, and channel preferences, and significant positiveinteractive influences on assimilation
and channel preferences. The independent variables within the moderated regressions collectively explained 59.70% variancein
mHealth usage intentions, 60.41% in mHealth assimilation, 34.29% in preference for complementary use of mHealth, and 45.30%
in preference for substitutive use of mHealth. In afollow-up ANOVA examination, we found that those who were more favorable
toward using mHeal th asa substitute for in-person doctor visitsthan asacomplement indicated stronger intentionsto use mHealth
(F1,702=20.14, P<.001) and stronger assimilation of mHealth (F, ;0,=41.866, P<.001).

Conclusions: Multiple predictors are shown to have significant associations with mHealth usage intentions, assimilation, and
channel preferences. We suggest that future initiatives to promote mHealth should shift targeting of consumers from coarse
demographics to nuanced considerations of individual dispositions toward mobile service innovations, complementary or
substitutive channel use preferences, perceived health conditions, health services availability and utilization, demographics, and
socioeconomic characteristics.

(J Med Internet Res 2013;15(8):€149) doi:10.2196/jmir.2635

http://www.jmir.org/2013/8/e149/ JMed Internet Res 2013 | vol. 15 | iss. 8 |e149 | p.84
(page number not for citation purposes)


mailto:arunrai@gsu.edu
http://dx.doi.org/10.2196/jmir.2635
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

KEYWORDS

Rai et a

mobile health; consumer preferences; adoption; health information technology; multivariate analyses

Introduction

Background

Mobile health (mHealth) is defined as, “using wireless mobile
communication technology to aid health services delivery” [1].
According to arecent health care market research study, 31%
of USadults have used their mobile phonesfor accessing health
information [2]. In addition, 19% of US adults who own a
smartphone have at least 1 health application on their phone,
with exercise, diet, and weight apps among the most popular
[2]. Approximately half of the patients surveyed in a recent
mHealth opinion survey believed that mHealth could increase
their control over their health care, provide more convenient
access to needed health information, and ultimately improve
their health care costs and quality [3]. Such results are not
surprising because mHealth can provide many benefits,
including portable access to continuous streams of information
and powerful interactive functionality driven by devices that
often support awide array of health applications [4]. However,
guestionsremain asto what determineswhether consumerswill
use and assimilate mHeath and whether or not channel
preferences will play asignificant role.

The introduction of mHealth represents a drastic shift in focus
from traditional medical informatics based on industrial age
concepts (eg, provider driven) to consumer health informatics
based on the ubiquity of information and interconnected mobile
computing infrastructure[5]. In practice, mHealth is often used
for transmitting electronic medical records between medical
staff and patients[6], monitoring patientsremotely [6,7], sending
electronic aerts for disease control [8], and providing useful
applications, information, and functionality to health consumers
[2]. The general category of mHealth innovations considered
in this paper are typicaly used by consumers for activities
relating to obtaining health advice (eg, the WebM D mobile app
[9]), promoting compliance and adherence to medical treatments
(eg, the iPharmacy Pill ID & Rx Reminder app [10]), staying
connected with health care provider(s) (eg, the Mayo Clinic
Patient app [11] and the eClinicaMobile app [12]), personal
health management (eg, the GoMeals app [13], the Livestrong
app [14], and the WellDoc app [15]), and chronic disease
management (eg, the Glucose Buddy app [16] for diabetics).

Research in the mHealth context has demonstrated that intrinsic
motivations facilitate mHeal th adoption whereas perceived risks,
such as perceived privacy risks and perceived psychological
risks associated with making choicesthat may be regretted | ater,
can inhibit mHealth adoption [17]. Perceptions and attitudes
toward mHealth have been shown to positively affect an
individual’s intention to use these types of services[18]. It has
been suggested that the digital revolution brought by mobile
and other technology has enriched doctor-patient
communications [19]. Use of gamification in mHeath has
recently been shown to increase glucose monitoring in diabetic
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adolescents [20]. Studies have also examined mHealth trends
and associated risks[21,22], theimpact of mHealth interventions
on outcomes in specific clinical areas (eg, smoking cessation
[4], HIV [23], and diabetes [24]), economic implications of
mHealth usage (eg, [25]), and the use of mHealth to broaden
access to health care in developing countries (eg, [26,27]).

Although expectations of the transformative (and disruptive)
potential of mHealth are enormous and research is expanding
in this area, little is known about how this digital health care
service channel is viewed by consumers, given a traditionally
hands-on provider-patient direct service channel. Given recent
callsfor more consumer health informatics research, especially
inregardsto consumer information seeking needs and behaviors
[28], mHealth [29], and our presently limited knowledge of how
consumers' traits and health perceptions affect consumers
mHealth usageintentions, assimilation, and channel preferences,
our study is motivated by the substantial research opportunities
in this interesting and emerging space. We specifically focus
on what determinants are associated with consumer mHealth
usage intentions, assimilation, and channel preferences.

Theoretical Foundation and Research M odel

Past work on theindividual adoption of information technology
(IT) has identified that consumer characteristics (eg,
socioeconomic characteristics[30]), individual differences (eg,
personal innovativeness [31,32]), and situational factors (eg,
access to and utilization of health care services [33,34])
significantly impact IT adoption preferences. A recent
systematic review of consumer health technology acceptance
studies pointed out that many studies have assessed the effects
of consumer traits (eg, age, income, education) on health
technology acceptance, but theoretically motivated constructs,
interaction effects (moderators), and health status variables have
not yet been fully considered in consumer health technology
acceptance studies[33]. Additionally, mHealth studies have not
yet jointly examined consumer traits, health perceptions, and
consumer preferencesfor mHealth asasubstitute or complement
to in-person doctor office visits.

Drawing upon technology adoption [33,35], technology
assimilation [36,37], consumer behavior [38,39], and health
informatics literature (eg [33,40-42]), we seek to fill this gap
by focusing on determinants of consumer mHealth usage
intentions, assimilation, and channel preferencesin the United
States. We aim to contribute to the health informatics and
mHealth literature by assessing the following: (1) predictors of
consumer mHealth usage intentions and assimilation, including
personal innovativeness toward mobile services (PIMS), health
care availability, health care utilization, socioeconomic status,
and demographics, (2) consumer preferences for mHealth as a
substitute or complement to in-person provider-patient
interactions, and (3) the direct and interactive (moderating)
effects of perceived health conditions (Figure 1).
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Figure 1. Research model.
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Moderators

Perceived Healthiness (HLTH)
Perceived Vulnerability (VULN)

Indepandant Variables

Dependent Variables: Behavioral Intention to Use
mHealth and Extent of mHealth Assimilation

Based on the literature on technology acceptance [33,35] and
technology assimilation [36,37], we conceptualize 2 dependent
variables associated with consumers’ mHealth acceptance: (1)
mHealth usage intentions (ie, intention to use mHealth for
nonadopters and intention to continue using mHealth for
adopters) and, (2) mHealth assimilation (ie, combined, staged
measure ranging from extent of awarenessto frequency of use).
Self-reported behavioral intention to use an information system
is awidely used dependent variable in technology acceptance
research (eg, [43]) and isdesigned to measureintention of initial
technology usage or continued usage (referred to collectively
asintention to use for the remainder of this paper). Technology
assimilation is often used as an indicator of the process of
learning and applying a technology through multiple stages,
ranging from very early stages of evaluation of options
(awareness) to later stages of extensive use in which the
technology has been incorporated into routines (frequent use)
[44] (referred to collectively as assimilation for the remainder
of this paper). The use of these 2 dependent variables in our
analyses is meant to explore commonalities and differencesin
predictors between self-reported mHealth usage intentions and
self-reported mHealth assimilation.

Dependent Variables: mHealth Substitutive and
Complementary Use

Drawing from consumer behavior literature[38,39], we consider
2 dependent variablesthat reflect consumers mHealth channel
preferences. (1) substitutive use (ie, the willingness to use
mHealth as a replacement for in-person doctor visits) and, (2)
complementary use of mHealth (ie, the willingness to use
mHealth to augment in-person doctor visits). Consumer behavior
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literature has suggested that offering alternative channels for
service consumption (eg, self-service technologies) affords
many conveniences and benefitsto consumers[45,46]. However,
such conveniences and benefits may come at a cost of taking
the time to learn how to use the new channel, expending
additional individual effort perhaps not required when
interacting in-person, and concerns about overall service
performance given the new production and consumption medium
[47]. Given that health care has traditionally been conducted
viahands-onin-person interactions, an important consideration
is whether or not consumers will accept technology
intermediation. Therefore, we assess consumers’ willingness
to use mHealth as either a substitute or a complement to
in-person doctor visits, irrespective of whether or not they are
currently mHealth users.

Independent Variable: Personal | nnovativeness
Toward Mobile Services

We draw on marketing and information systems research to
identify personal innovativenesstoward mobile services (PIMS)
asakey individual differencefor evaluating consumer adoption
of technology innovations. Based on prior work [31,48-50], we
define PIMS as the degree to which an individual iswilling to
try out any new mobile technology service. We suggest that
PIMSisaproxy for personal innovativenesstoward information
technology (PIIT) [31] in the context of mobile services. Prior
research on PIIT has suggested that individuals who are more
open to experiences with technology typicaly have stronger
technical self-efficacy (positive beliefs and abilities associated
with technical tasks, such as using a computer) [51,52]. Those
with higher PIIT are often associated with higher levels
technology use, such as Internet and e-commerce use [53-55].
Recent studies have found personal innovativeness to be also
a positive predictor in models assessing acceptance of mobile
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services [56,57]. Given that the delivery of health services on
mobile platforms is currently at the very early stages of
diffusion, it is likely that individuals with a predisposition for
seeking out the latest innovations are more likely to initially
adopt and use mHealth. Therefore, we extend the examination
of PIIT to the context of mHealth using the PIM S construct.

Independent Variables: Perceived Health Conditions

Health promotion and prevention research has widely
acknowledged that individual beliefs about health conditions
(eg, perceived healthiness and perceived vulnerability to chronic
disease) predict individuals' health behaviors (see reviews by
[40,42]). We expect that consumers who feel healthier may be
more open to trying health innovations. We base this expectation
on evidence that those with lower perceived health may already
have strong preexisting relationships with service providers
(physicians and clinicians, in our case) and established
therapeutic routines that may result in resistance to alternative
service delivery and consumption options [46]. We also expect
that people who feel more vulnerable to chronic diseases (eg,
diabetes, heart disease, cancer, high blood pressure, and stroke)
will have stronger needs and motivations to use heath
innovations. This expectation is based on evidence suggesting
that those who currently report using mHealth often do so to
mitigate negative long-term health consequences associated
with health risk factors such as high blood pressure, obesity,
inactivity, and high blood glucose levels[2].

M oder ating Effects: Personal I nnovativeness Toward
M aobile Services and Perceived Health Conditions

Prior research on technology acceptance has shown that PIIT
and compatibility with work style (CMP) typically have positive
interactive (PI1 T* CMP) effects on technology usageintentions,
suggesting that higher PII T combined with higher CMP has an
even greater positive impact on technology usage intentions
than PIIT alone (eg, [48]). Compatibility istypically viewed as
the degree of congruence between the innovation and the
adopter’'s preferences, needs, past experience, and/or values
(eg, [58,59]). Drawing upon this literature, we propose the
perceived health condition of anindividual asaproxy for CMP,
given that perceived health conditions often reflect health care
needs (eg, [60]). We expect PIM S and health conditionsto have
both direct and indirect (moderating) effects. Specifically, we
propose that PIMS and perceived healthiness (PIMS*HLTH)
and PIMS and perceived vulnerability to chronic disease
(PIMS*VULN) will have significant interactive effects on
mHealth usage intentions, assimilation, and channel preferences.

Independent Variables. Health Care Availability and
Health Care Utilization

Consumers' situational characteristics have been found to affect
their technology adoption preferences[33] and product attraction
and avoidance[61]. Specifically, accessto health care and health
care utilization have been considered in prior studies as
important predictors and controls of technology adoptionin the
consumer health context (eg, [41]). However, the direction of
the influence of these situational factors on consumers
disposition to health care technol ogies and technology services
channels, such as mHeadlth, is unclear. Frequent usage of

http://www.jmir.org/2013/8/e149/

Rai et a

in-person health services may imply that strong relationships
have been established with health providers and technology
intermediation may only be considered when patients are
dissatisfied with their providers (eg, [62]). However, a recent
study suggested the opposite and those who had strong
relationships with their providers were more likely to use
personal health records [63]. Therefore, we consider variation
in the following consumer-level situational characteristics
specific to health care availability and utilization: (1) distance
to health facilities (both primary care and specialty facilities)
asaproxy for health care access and, (2) whether or not the last
health checkup was recent as a proxy for recent routine health
care utilization.

Independent Variables. Socioeconomic Status and
Demographics

Although research results on the influence of socioeconomic
status (SES) and demographic variables on innovation adoption
are sometimes mixed (eg, [33]), in general, younger people[64],
people with higher levels of education [65,66], and people with
higher levels of income [65] are often found to be more
innovative toward technology, including mobile services.
However, mHealth also hasthe potential to be attractive to those
who do not have a computer and Internet connection at home,
but are till users of convenient mobile services (eg, [67,68]).
Therefore, we account for theinfluence of SES and demographic
characteristics on mHealth usage intentions, assimilation, and
channel preferences by considering age, gender, income, and
education in our research model.

Methods

Survey Design, Development, and Pretesting

Based on our research model, we designed a cross-sectional
survey to measure consumers mHealth usage intentions,
mHealth assimilation, and preference to use mHealth as a
complement or substitute to in-person doctor visits. In addition,
data regarding PIMS, health care availability, health care
utilization, health perceptions, SES, and demographics were
collected. Existing instrumentswere applied whenever possible.
All questions were adapted to the mHealth context. Extensive
pretesting was conducted before final administration of the
survey. Weinvited atotal of 20 reviewers, including physicians,
technologists, researchers, and managers working in or very
familiar with the mHealth industry, to examine the survey
instrument in detail before pilot-testing the survey. Although
most of the expert feedback indicated that the questions were
clear and easy to understand, necessary revisions were made
according to their suggestions. After initial survey refinement,
we conducted an online pilot study with 134 consumersin the
United States to further assess the psychometric properties of
the measures. Further refinements were made to the survey
wording on the basis of pilot study results. A summary of fina
survey items and measuresisavailablein Multimedia A ppendix
1

Survey Sample, Recruitment, and Administration

To facilitate the data collection and administration process, we
recruited a market research company. We worked closely with
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this company to ensure that the sample was stratified to represent
the US population in terms of age, gender, education, and
income (following the US census) and that nonresponse bias
was minimized. Using the online panel from the market research
company, 8673 invitation emails were sent in 5 successive
waves during a 2-week data collection period. In an effort to
obtain a fina sample that was nationally representative, we
systematically monitored the demographics of incoming
responses in each of the 5 waves and compared the means of
the aggregate demographics to US census distributions.
Oversampling was conducted in the subsegquent waves for
underrepresented strata (including those in younger and
less-educated strata) to yield afinal samplethat was reasonably
representative of the US census.

Each participant was provided with a uni que passcode to access
the online questionnaire. This design protected persona
information from unauthorized access and also prevented
duplicate responsesfrom the sameindividual. Reminder emails
were sent to participants to encourage them to complete the
survey within the fieldwork period. The potential for
nonresponse bias was mitigated by placing an emphasis on
obtaining anationally representative sample, following up with
nonresponders and requesting participation, and including key
demographic (age and gender) and socioeconomic (education
and income) variablesin the final models. Ingtitutional Review
Board (IRB) approva was obtained before survey
administration. All participants acknowledged informed consent
before taking the survey. Each participant took approximately
20 minutes to complete all 34 questions on the 17 screens of
the online survey.

Analysis

Measurement quality of the multi-item measures was assessed
through confirmatory factor analysis (CFA) and detailed
assessment of construct reliability and validity. The details of
the measurement quality analysis are available in the next
section and further detail is available in Multimedia Appendix
2. Final estimation for the primary modelswas completed using
hierarchical ordinary least squares (OL S) regressionswith robust
standard error estimation. Several additional models and tests
(eg, 2-stage least square analyses, mediated models with the
demographic variables affecting the dependent variablesthrough
PIMS as well as directly, models with additional interactions)
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were evaluated to examine the robustness of the OLS results.
The results stood up to the robustness checks. The OLS
estimations are reported for the primary results because of their
straightforward interpretation. Secondarily, we used ANOVA
to assess differences in mHealth usage intentions and mHealth
assimilation between respondents who preferred substitutive
use of mHealth more strongly than complementary use versus
those who preferred complementary use of mHealth more
strongly than substitutive use.

Results

Descriptive Statistics

Complete data from 1132 respondents were collected. We
carefully examined the distribution of respondentsin our sample
and found it to be nationally representative as compared with
the distributions reported in the 2012 US Census [69] (Table
1). Weobtained afinal responserate of 13.05%, whichissimilar
to response rates obtained in other online surveys conducted in
comparable contexts (eg, [41,63]). Early- and late-stage
respondents differed only by age and education. These
differences were expected because of later-stage purposive
oversampling of underrepresented strata. As such, the early-
versus late-stage respondent analyses did not revea any
evidence of nonresponse bias. We conducted a marker variable
analysis[70] and did not find evidence of common method bias.

The sample was relatively balanced in terms of gender (513
male and 619 femal€e). The average age was 45 years (range
18-86, SD 16.20); 227 respondents (20.05%) were older than
60 years. Most respondentslived more than 6 milesfrom general
and specialized health care facilities. Respondents had varying
levels of education and individual income, representing
reasonable variation in socioeconomic status. Additionally, 611
of 1132 respondents (53.98%) felt that they were healthy or
very hedlthy, and there was substantial variance among
respondents on the level of concern for vulnerability to chronic
disease. Of the 1132 respondents, 430 (37.99%) reported that
they had started using mHealth and 215 individuals (18.99%)
reported use of mHealth on aregular basis. Further, 532 of 1132
respondents (47.00%) indicated that they would use mHealth
asasubstitute to in-person doctor visits, whereas 758 individuals
(66.96%) indicated that they would use mHeath as a
complement.
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Table 1. Sample characteristics (N=1132).

Variables and categories Sample, n (%) US Census (%)
Demographics
Age (years)
18-29 218 (19.27) 221
30-39 269 (23.76) 171
40-49 169 (14.93) 18.6
50-59 249 (22.00) 17.9
60-69 155 (13.69) 11.8
>70 72 (6.36) 125
Gender
Male 513 (45.31) 49.2
Female 619 (54.68) 50.8
Socioeconomic status
Education
Not a high school graduate 18 (1.59) 12.9
High school graduate 211 (18.64) 31.2
Some college, but no degree 344 (30.39) 16.8
Associate's degree 154 (13.60) 9.1
Bachelor's degree 286 (25.27) 19.4
Advanced degree 119 (10.51) 15
Individual income (US $)
Lessthan 24,999 430 (37.99) 55.0
25,000-49,999 344 (30.39) 24.0
50,000-74,999 214 (18.90) 220
75,000-99,999 85 (7.50) 5.0
>100,000 59 (5.21) 5.0

Health care availability
Distanceto primary health carefacility

<lmile 34 (3.00) —
1-5 miles 90 (7.95) —
6-10 miles 472 (41.70) —
211 miles 375 (33.13) —
Do not know 161 (14.22) —

Distance to specialized health care facility

<l mile 86 (7.60) —
1-5 miles 57 (5.04) —
6-10 miles 341 (30.12) —
211 miles 381 (33.66) —
Do not know 267 (23.59) —

Health care utilization
Recent health checkup

No 125 (11.04) —
Yes, with the past Syears 37(3.27) —
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Variables and categories Sample, n (%) US Census (%)
Yes, within the past 3 years 128 (11.31) —
Yes, within the past 1 year 842 (74.38) —

M easurement Quality

Before conducting hierarchical multivariate OLS regression
analyses of the response data, we performed a series of checks
to ensure the quality of the survey measures. Multimedia
Appendix 2 providesasummary of means, standard deviations,
and correlations for al variables as well as reliability and
validity measures for multi-item constructs (eg, composite
reliabilities and average variances extracted). The CFA was
performed using AMOS 7.0 to assess the measurement
properties of the 4 multi-item constructs (behavioral usage
intention, substitutive use, complementary use, PIMS) at the
model and item levels [71]. The 4-factor model yielded an
adequate model fit (comparativefit index=0.98, goodness-of-fit
index=0.96, and standardized root mean square residual=0.03)
[72]. Thefactor loadingsfor each indicator onits corresponding
construct were greater than 0.70 and were significant at P<.05,
thus supporting convergent validity. For each construct, the
average variance extracted (AVE) was greater than 0.5,
suggesting that the explained variance was more than the
unexplained variance [73]. Additionally, the square root of the
AVE for each construct was more than al its interconstruct
correlations, thereby establishing discriminant validity [74]. In
terms of reliability, Cronbach al phas and composite reliabilities
were all greater than the recommended 0.70 level [75]. These
results suggest that the measurement scales exhibit good
psychometric properties.

Data Analysis

Multivariate OLS regressions were used to anayze the
determinants of mHealth usage intentions, assimilation, and
channel preferences. We evaluated 4 models per dependent
variable in hierarchical fashion: (1) demographic and SES
variables, (2) model 1 plus health variables (ie, distance to
primary and specidized hedth care facilities, perceived
healthiness, perceived vulnerability, and recency of health
checkup), (3) model 2 plus PIMS, and (4) mode 3 plus
interaction effects. We aso controlled for whether or not the
respondent currently used mHealth (adopter or nonadopter
dummy variable) to obtain generalizable results across the
pooled sample of adopters and nonadopters.

mHealth Behavior al Usagel ntention and Assimilation
Results

Table 2 (models A1-A4) reports behavioral usage intention
regression results and Table 3 (models B1-B4) reports
assimilation regression results.

In models Al and B1 (demographic and SES variables only),
40.31% and 23.04% of variation in behavioral usage intention
and assimilation was explained, respectively. Older respondents
were associated with alower level of behavioral usageintention
(beta=—0.02, P<.001) and a lower level of assimilation
(beta=—0.04, P<.001). In addition, individua income had a
significant positive association with both behavioral usage
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intention (beta=0.12, P=.009) and assimilation (beta=0.71,
P<.001). Moreover, level of education was negatively associated
with assimilation (beta=-0.11, P=.02), but not significantly
associated with behavioral usage intention (beta=0.00, P=.97).
When controlling for differences between mHealth adopters
and nonadopters with a dummy variable (adopter=1,
nonadopter=0) in the behaviora usage intention models
(A1-A4), we found the adopter group to have significantly
increased intentions to continue using mHealth as compared to
nonadopters’ intentions to begin using mHealth.

In models A2 and B2, health care access, health care utilization,
and perceived hedlth condition variables were added to the
models, resulting in 44.06% and 44.86% variance explained,
respectively. Respondents who felt healthier were positively
associated with behavioral usageintention (beta=0.30, P<.001)
and assimilation (beta=0.71, P<.001). Respondents who felt
more vulnerableto chronic disease were associ ated with stronger
behavioral usage intention (beta=0.36, P<.001) and stronger
assimilation (beta=0.90, P<.001). In addition, the recency of
health checkup significantly increased the level of assimilation
(beta=0.17, P=.001), but was not significantly associated with
behavioral usage intention (beta=0.04, P=.90). Distance to
primary and specialized facilitieswere not significant predictors
of either behavioral usageintention (primary: beta=—0.05, P=.43;
specialized: beta=0.09, P=.08) or assimilation (primary:
beta=0.09, P=.14; specialized: beta=0.01, P=.82).

In models A3 and B3, PIM Swas added, increasing the explained

variance (AR?) for behavioral usage intention by 15.55% and
for assimilation by 8.47%. The significant positive coefficients
indicate that PIMS was positively related to both behavioral
usageintention (beta=1.11, P<.001) and assimilation (beta=0.84,
P<.001).

In models A4 and B4, the interaction between PIMS and
perceived healthiness (ie, PIMS*HLTH) and the interaction
between PIM S and perceived vulnerability (ie, IMS*VULN)

were added, increasing the explained variance (AR?) for
behavioral usage intention by 0.09% and for assimilation by
7.08%. Although the main effects were significant (HLTH,
VULN, and PIMS) predictors of both behavioral usageintention
and assimilation, theinteractionswere not significant predictors
of behavioral usageintention (PIMS*HLTH: beta=0.03, P=.41;
PIMS*VULN: beta=0.06, P=.10), but were significant predictors
of assimilation (PIMS*HLTH: beta=0.50, P<.001;
PIMS*VULN: beta=0.43, P<.001). These results indicate that
the main effects of PIMS, HLTH, and VULN are important
factors that predict mHealth behavioral usage intention.
Additionally, these factors not only independently, but also
jointly, influence assimilation.

To develop a more nuanced understanding of the significant
interaction effects in the mHealth assimilation model (B4), we
plotted the interaction effects between PIMS and perceived
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healthiness (PIMS*HLTH) as well as between PIMS and
perceived chronic disease vulnerability (PIMS*VULN). We
performed simple slopetests of the effectsof HLTH and VULN
on assimilation at different levels of the moderator (ie, PIMS)
as recommended by Aiken and West [76]. We observed that
(1) respondents with high PIMS reported higher levels of
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assimilation when they reported higher health perceptions or
higher perceived health vulnerability, whereas (2) respondents
with low PIM S reported lower levels of assimilation than those
with high PIM S, with the reported assimilation being even lower
if respondents perceived themselves to be healthier or more
vulnerable to chronic disease (Figures 2 and 3).

Table 2. Hierarchical ordinary least squares (OLS) regressions for consumer mHealth behavioral usage intention.

Variables mHealth behaviora usage intention, OL S estimation (robust SE)
Model Al: Model A2: Model A3: Model A4:
Demographicsand SES  Health variables Personal innovativeness  Interaction effects
Demographics
Age (continuous in years) -0.02 (0.00)° -0.02 (0.00)° 0.00 (0.00) 0.00 (0.00)
Gender (female=1) 0.11 (0.10) 0.06 (0.09) -0.00 (0.08) -0.01 (0.08)
Socioeconomic status
Education (5=Master's degree+) 0.00 (0.04) 0.05 (0.04) 0.03 (0.03) 0.03 (0.03)
Individual income (52US $100K)  0.12 (0.04)° 0.03 (0.04) -0.06 (0.04) -0.06 (0.04)
Dummy
Adopter (1)/nonadopter () 2.33(0.10)° 1.97 (0.11)° 117 (0.11)° 1.14(0.11)°
Health care availability
Distance to primary facility — -0.05 (0.06) -0.02 (0.05) -0.03 (0.05)
Distance to specialized facility — 0.09 (0.05) 0.08 (0.05) 0.08 (0.05)
Health care utilization
Recent health checkup — 0.04 (0.05) -0.01 (0.04) -0.01 (0.04)
Perceived health conditions
Perceived healthiness (HLTH) — 0.30 (0.05)° 0.12 (0.05)° 0.10 (0.05)?
Perceived vulnerability (VULN) — 0.36 (0.05)° 0.18 (0.04)¢ 0.16 (0.05)°
Per sonal innovativeness towar d mobile services (PIMS)
PIMS — — 1.11 (0.06)° 1.11 (0.06)°
PIMS*HLTH — — — 0.03 (0.04)
PIMS*VULN — — — 0.06 (0.04)
Constant 3.95(0.21)° 4,05 (0.24)° 3.53(0.20)° 3.50 (0.21)°¢
R 0.4031 0.4406 0.5961 0.5970
AR? — 0.0375 0.1555 0.0009
Fqr Statistic — 16.845111° 358.13 1120° 1.745 1118
3P<.05.
bp< 1.
°P<.001.
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Table 3. Hierarchical ordinary least squares (OLS) regressions for consumer mHealth assimilation.

Variables mHealth assimilation, OL'S estimation (robust SE)
Model B1: Model B2: Model B3: Model B4:
Demographicsand SES  Health variables Personal innovativeness  Interaction effects
Demographics
Age (continuous in years) -0.04 (0.00)° -0.04 (0.00)¢ -0.02 (0.00)° -0.01 (0.00)°
Gender (female=1) 0.04 (0.12) -0.10(0.10) -0.15 (0.09) -0.16 (0.09)

Socioeconomic status

Education (5=Master's degree+) -0.11 (0.04)2 0.02 (0.04) 0.00 (0.04) 0.03 (0.03)

Individual Income (52US$100K)  0.71(0.06)¢ 0.38 (0.05)° 0.28 (0.05)° 0.24 (0.04)°
Health care availability

Distance to primary facility — 0.09 (0.06) 0.11 (0.06) 0.05 (0.05)

Distance to specialized facility — 0.01 (0.05) 0.01 (0.05) 0.01(0.04)

Health care utilization

Recent health checkup — 0.17 (0.05)b 0.10 (0.05)2 0.10 (0.04)*
Perceived health conditions

Perceived healthiness (HLTH) — 0.71 (0.06)° 0.51 (0.06)° 0.38 (0.06)°

Perceived vulnerability (VULN) — 0.90 (0.05)° 0.69 (0.05)° 0.43 (0.05)°

Personal innovativeness toward mobile services (PIMS)

PIMS — — 0.84 (0.57)¢ 0.85 (0.05)°
PIMS*HLTH — — — 0.50 (0.05)°
PIMS*VULN — — — 0.43 (0.04)°
Constant 4.09 (0.26)° 4.11(0.25)° 3.27 (0.24)° 2.95(0.23)°
R 2 0.2304 0.4486 0.5333 0.6041
AR? — 0.2182 0.0847 0.0708
Fqf Statistic — 71.155 11,° 219.251 11° 151.245 1110°
3p<.05.
bp< 1.
°P<.001.
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Figure2. Moderating effect of personal innovativeness toward mobile services (PIMS) on perceived healthiness for mHeal th usage assimilation: Model

B4 PIMS*HLTH.
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Figure 3. Moderating effect of personal innovativeness toward mobile services (PIMS) on perceived vulnerability for mHealth usage assimilation:

Model B4 PIMS*VULN.
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mHealth Substitutive and Complementary Use
Preference Results

Table 4 (models C1-C4) reports substitutive use preference
regression results, and Table 5 (models D1-D4) reports
complementary use preference regression results. InmodelsC1
and D1, 27.48% and 18.43% of the variance was explained,
respectively. Age was negatively associated with both
substitutive use preference (beta=—0.03, P<.001) and
complementary use preference (beta=—0.02, P<.001). In
addition, individuals with higher levels of income were
associated with higher substitutive use preference (beta=0.13,
P=.003), but not complementary use preference (beta=0.05,
P=.23). Moreover, females were more favorable to using
mHealth as acomplement to in-person doctor visits (beta=0.24,
P=.009) than males, yet there was not a significant gender
differencefor using mHealth as a substitute to in-person doctor
visits (beta=0.15, P=.11). The adopter group (adopter=1,
nonadopter=0) was associated with higher substitutive use
preference than nonadoptersin all substitutive models (C1-C4)
and in al complementary models (D1-D3), except for the
interaction effects model (D4).

In models C2 and D2, health care access, health care utilization,
and perceived health condition variableswere added, increasing

the explained variance (AR?) by 6.91% for substitutive use
preference and by 4.52% for complementary use preference.
Perceived healthiness and perceived vulnerability were
positively related to both substitutive use preference (perceived
healthiness: beta=0.30, P<.001; perceived vulnerability:
beta=0.46, P<.001) and complementary use preference
(perceived healthiness: beta=0.20, P<.001; perceived
vulnerability: beta=0.34, P<.001). Although a recent health
checkup was not significantly associated with complementary
use preference (beta=0.03, P=.56), it was significantly negatively
associ ated with substitutive use preference (beta=—0.16, P<.001).

In models C3 and D3, PIM Swasincluded, increasing explained

variance (AR?) by 9.56% for substitutive use preference and by
10.79% for complementary use preference. The positive and
significant PIM S coefficientsindicate that PIM Swas a predictor
of both substitutive use preference (beta=0.76, P<.001) and
complementary use preference (beta=0.75, P<.001).

In models C4 and D4, the interaction between PIMS and
perceived healthiness (ie, PIMS*HLTH) and the interaction
between PIM S and perceived vulnerability (ie, IMS*VULN)
were added to the models, resulting in modest increases in

explained variance (AR?) by 1.35% for substitutive use
preference and by 0.55% for complementary use preference.
Both interaction terms were significant predictors for
complementary use preference (PIMS*HLTH: beta=0.19,
P<.001; PIMS*VULN: beta=0.14, P<.001), whereas only
PIMS*HLTH was a significant predictor for substitutive use
preference (PIMS*HLTH: beta=0.12, P=.02 PIMS*VULN:
beta=0.07, P=.11). Overall, theseresultsindicate that PIMS and

http://www.jmir.org/2013/8/e149/
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perceived health conditions jointly influence consumers
preferences between in-person doctor visits and mHealth.

We again plotted the interaction effects and conducted simple
slope tests. For respondents with high PIMS, we observed a
greater preference for mHealth asa substitute to in-person doctor
visits when they felt healthier or more vulnerable to chronic
disease (Figures 4 and 5). In contrast, for respondents with low
PIMS, those who felt healthier were marginally less likely to
use mHealth as a substitute for in-person doctor visits, but those
who felt more vulnerable were more likely to prefer mHealth
as a substitute.

As for the interaction effects associated with complementary
use preference (Figure 6), respondents with high PIMSwho felt
healthier showed a greater preference for mHealth as a
complement to in-person doctor visitsrelative to those who felt
less healthy. For respondents with low PIMS, those who felt
healthier indicated a marginally weaker preference for using
mHealth as acomplement relative to those who felt less heal thy.
Theinteraction between PIMSand VULN (PIMS*VULN) was
not significant for model D4; thus, it is not presented here as a

graph.

Given that the correlation of complementary use and substitutive
useis0.73, the preferences for complementary and substitutive
use of mHealth can be interpreted to be mutually reinforcing.
To further explore differencesin those with stronger preferences
for complementary use of mHealth than substitutive use of
mHealth, we conducted an ANOVA analysis of differencesin
behavioral usage intention and assimilation between the
following 2 groups: (1) stronger preference for complementary
use than substitutive use (complementary > substitutive), and
(2) stronger preference for substitutive use than complementary
use (substitutive > complementary). We found that behavioral
usage intention was significantly higher for the substitutive >
complementary group (behavioral usage intention mean 4.69,
SD 1.68) than for the complementary > substitutive group
(behavioral usage intention mean 3.92, SD 1.79; F, 70,=20.14,
P<.001). Similarly, assimilation was significantly higher for
the substitutive > complementary group (assimilation mean
3.78, SD 2.21) than for the complementary > substitutive group
(assimilation mean 2.66, SD 1.66; F,,,=41.866, P<.001).
Perceived health and perceived vulnerability to chronic disease
were not significantly different between the 2 groups. These
results revea that although more respondents in our sample
werewilling to use mHealth asacomplement than asa substitute
for in-person doctor visits, the substitutive > complementary
group indicated stronger behavioral usage intention and
assimilation than the complementary > substitutive group.
Additionally, respondents in the substitutive > complementary
group, relative to the complementary> substitutive group, were
younger (mean age 39.00 years, SD 14.20 vs 46.35 years, SD
16.81; F 70,=21.284, P<.001), had higher PIMS (PIMS mean
4.72, SD 1.68 vs 3.96, SD 1.76; F; 1,,=19.699, P<.001), and

were less likely to be female (46%, SD 0.50 vs 55%, SD 0.50;
F1700=4.033, P=.045).
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Table 4. Hierarchical ordinary least squares (OL S) regressions for mHealth substitutive use preference.

Variables mHealth substitutive use preference, OL S estimation (robust SE)
Model C1: Model C2: Model C3: Model C4:
Demographicsand SES  Hedlth variables Personal innovativeness  Interaction effects
Demographics
Age (continuous in years) -0.03 (0.00)° -0.03 (0.00)° -0.01 (0.00)° -0.01 (0.00)°
Gender (female=1) 0.15 (0.09) 0.14 (0.09) 0.10 (0.08) 0.09 (0.08)
Socioeconomic status
Education (5=Master'sdegree+)  —0.05 (0.04) 0.01 (0.03) -0.00 (0.03) 0.00 (0.03)
Individual Income (52US $100K)  0.13 (0.04)b 0.06 (0.04) —0.00 (0.04) -0.01 (0.04)
Dummy
Adopter (1)/nonadopter(0) 1.42 (0.11)° 1.06 (0.11)° 0.50 (0.11)¢ 0.40 (0.12)°
Health care availability
Distance to primary facility — 0.01 (0.06) 0.03 (0.05) 0.01 (0.05)
Distance to specialized facility — 0.03 (0.05) 0.02 (0.04) 0.02 (0.04)

Health care utilization

Recent health checkup — —0.16 (0.04)° -0.20 (0.04)¢ -0.19 (0.04)¢
Per ceived health conditions

Perceived healthiness (HLTH) — 0.30 (0.05)° 0.18 (0.05)° 0.15 (0.05)°

Perceived vulnerability (VULN) ~ — 0.46 (0.05)° 0.34 (0.05)° 0.26 (0.05)°

Personal innovativeness toward mobile services (PIMS)

PIMS — — 0.76 (0.06)° 0.78 (0.06)°
PIMS*HLTH — — — 0.19 (0.05)°
PIMS*VULN — — — 0.14 (0.04)°
Constant 4.72 (0.21)° 5.15 (0.22)° 4.79 (0.21)° 4.71 (0.21)°
R 2 0.2748 0.3439 0.4395 0.4530
AR? — 0.0691 0.0956 0.0135
Fqf Statistic — 24.915117° 171531 1120 14.12; 1116°
3p<.05.
bp<.01.
°P<.001.
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Table5. Hierarchical ordinary least squares (OLS) regressions for mHealth complementary use preference.

Rai et a

Variables mHealth complementary use preference, OLS estimation (robust SE)
Model D1: Model D2: Model D3: Model D4:
Demographicsand SES Health variables Persond innovativeness  Interaction effects
Demographics

Age (continuous in years) -0.02 (0.00)° -0.02 (0.00)° -0.01 (0.00)2 -0.01 (0.00)2
Gender (female=1) 0.24 (0.09)° 0.20 (0.09)2 0.16 (0.08) 0.15 (0.08)
Socioeconomic status
Education (5=Master's degree+) 0.03 (0.03) 0.08 (0.03)2 0.07 (0.03)2 0.07 (0.03)2
Individual income (52US $100K) 0.05 (0.04) -0.02 (0.04) -0.07 (0.04) —0.08 (0.04)2
Dummy
Adopter (1)/nonadopter (0) 1.07 (0.09)° 0.76 (0.10)° 0.21 (0.10)2 0.15 (0.10)
Health care availability
Distance to primary facility — 0.03 (0.06) 0.05 (0.05) 0.03 (0.05)
Distance to specialized facility — 0.05 (0.05) 0.05 (0.04) 0.05 (0.04)2
Health care utilization
Recent health checkup — 0.03 (0.04) —0.01 (0.04) -0.01 (0.04)
Perceived health conditions
Perceived healthiness (HLTH) — 0.20 (0.05)° 0.09 (0.05) 0.07 (0.05)
Perceived vulnerability (VULN) — 0.34(0.05)° 0.22 (0.04)° 0.17 (0.05)°
Per sonal innovativeness toward mobile services (PIMS)
PIMS — — 0.75 (0.06)° 0.76 (0.06)°
PIMS*HLTH — — — 0.12 (0.05)%
PIMS*VULN — — — 0.07 (0.05)
Constant 5.09 (0.19)° 5.09 (0.22)° 4.73(0.21)° 469 (0.21)°
R 2 0.1843 0.2295 0.3374 0.3429
AR? — 0.0452 0.1079 0.0055
Fqf Statistic — 15.435111° 140.901 1120° 4.005 1118”
3p<.05.
bp<.01.
°P<.001.
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Figure4. Moderating effect of personal innovativeness toward mobile services (PIMS) on perceived healthiness for preferring mHealth as a substitute
to doctor visits: Model C4 PIMS*HLTH.
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Figure5. Moderating effect of personal innovativenesstoward mobile services (PIMS) on perceived vulnerability for preferring mHealth as a substitute
to doctor visits: Model C4 PIMS*VULN.
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Figure6. Moderating effect of personal innovativenesstoward mobile services (PIMS) on perceived healthinessfor preferring mHealth as acomplement

to doctor visits: Model D4 PIMS*HLTH.
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Discussion

Principal Findingsand Implications

The market for mHealth is growing rapidly, but researchin this
emerging area has been limited. Before this study, there was
limited understanding as to what determinants were associated
with mHealth usage intentions, extent of mHealth assimilation,
and why mHealth might be preferred as a complementary or
substitutive service consumption channel in a context
traditionally associated with hands-on, in-person interactions.
This study has provided novel insights by examining how
consumer usage intentions and assimilation of mHealth, aswell
asconsumer channel preferencesfor health services are affected
by PIMS, perceived health conditions, health care availability,
health care utilization, demographics, and socioeconomic status.

Our primary findings are as follows: (1) more consumers are
favorable to using mHealth as a complement to in-person doctor
visits than as a substitute, but those who prefer mHealth as a
substitute report stronger usage intentions and higher
assimilation than those who prefer mHealth as a complement
although not being significantly different in health perceptions,
and (2) PIM S and perceived health conditions have direct effects
on usage intentions, assimilation, and channel preferences and
mutually reinforcing effects on assimilation and channel
preferences. Of particular interest is the finding that the
combination of higher PIMS and increased perceptions of
healthiness as well as the combination of higher PIMS and
increased perceptions of chronic disease vulnerability are
significantly associated with higher mHealth assimilation and
substitutive use of mHealth. The combination of higher PIMS

http://www.jmir.org/2013/8/e149/
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and increased perceptions of healthiness is also significantly
positively associated with the complementary use of mHealth.
These interesting findings suggest that current health status is
not the only predictor of mHealth usage and, perhaps
counterintuitively, it is not necessarily those who perceive
themselves asthe least healthy who are the most likely to adopt
and use mHealth.

We also demonstrate that PIM S and perceived chronic disease
vulnerability are important positive predictors. Given these
results, individuals worried about diet, weight, blood pressure,
exercise, and other health issues might consider proactively
using apps such as MyFitnessPal [77], InstantHeartRate [ 78],
Macaw [79], and Livestrong [14]. Such proactive management
of on€'s health could significantly reduce the incidence of
chronic disease and reduce the burden of such conditions on
our health system [80].

Additionally, our results demonstrate that more than one-third
of respondents specified current use of mHealth, whereas almost
one-fifth of respondents report currently using mHealth on a
regular basis. In addition, approximately two-thirds of
respondents said they would use mHealth as a complement to
in-person doctor visits. These findings elaborate prior research
suggesting that individual innovativeness [50], individual traits
[32], and health self-perceptions[81] are associated with usage
intentions. Our findings extend prior research by considering
theinfluence of these constructs, including the interaction effects
of perceived heath conditions, on consumers intentions,
assimilation, and channd preferencesfor mHealth use. However,
as suggested by the IT-enabled sdlf-service literature, the
infusion of technology into a service encounter may be met with
resistance by those who prefer a hands-on relationship (vs a
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high-tech relationship) [46]. Our results support such findings
in the mHealth context, in that health care utilization (ie, recent
health checkup) had a positive effect on mHealth assimilation,
but a negative effect on using mHealth as a substitute to
in-person doctor visits. These results may indicate that personal
relationshipsin health care settings will be difficult to augment
(or replace) with technology for certain consumer segments.
Although other technologies, such as telemedicine, have
provided mechanisms to extend health services to those with
limited access (eg, [82]), theissue of how mHealth canimprove
health care access while not adversely affecting patient-provider
relationships will be an essential consideration.

Finally, we find that increased age i s associated with decreased
usage intentions and assimilation of mHealth in many of our
models, whereasincreased incomeis associated with increased
usage intentions and usage of mHealth in some models. Similar
findings have been reported in other technology acceptance
studies [33,64,65]. Additionally, somewhat contrary to prior
research suggesting that higher levels of education are often
positively associated with technology adoption [65,66], wefind
amix of significant and nonsignificant effects of education in
our models. We did find that education was a positive and
significant predictor within many of our models associated with
using mHealth as a complement to in-person doctor’s office
visits. This could be an areafor further research.

Strengths and Limitations

The strengths of our study include: (1) a theoretically driven
model, based on technol ogy acceptance, technology assimilation,
consumer behavior, and health informatics literature, on the
determinants of consumer mHeath usage intentions,
assimilation, and channel preferences, (2) theinclusion of direct
and interactive (moderating) effects of PIMS and perceived
health conditions (vulnerability and heal thiness) as determinants,
and (3) robust survey, sampling, and analysis methods. Our
study islimited by the cross-sectional nature of our survey. We
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note that our robustness checks included 2-stage estimation
models and mediated models. All our findings held up to these
checks, but future research could consider longitudinal research
designs to elaborate our understanding of the mechanisms
through which usage intentions and assimilation of mHealth
develop. We are aso limited by the use of an online survey,
which may be biased toward those who compl ete surveysonline
or respondents who are more technologically sophisticated.
Future research could consider other surveying and sampling
strategies. Although our models have the feature of parsimony,
they may exclude other situational, demographic, or individual
characteristics. Future research could expand upon our findings
by including such additional characteristics. Finally, our results
are generalizable to the general population because the chosen
sampling strategy and the use of statistical controls. However,
future research could delve deeper into subgroup differences
(adopters vs nonadopters, health respondents vs unhealthy
respondents, resource-rich respondents vs resource-poor
respondents, etc) and provide more nuanced findingsregarding
between and within group heterogeneity.

Conclusions

This study has provided insights into the usage intentions,
assimilation, and channel preferences associated with mHealth.
These findings contribute to the health informatics literature
and to health policy initiatives by demonstrating that mHealth
will face both acceptance and resistance. Targeting the most
receptive consumer segments may be the best strategy to
encourage widespread diffusion. Multiple predictors have been
shown to have significant impacts on mHealth preferences and
both direct and interactive effects were observed. We suggest
that futureinitiativesto promote mHealth should shift targeting
of consumers from coarse demographics to individual
dispositionstoward mobile serviceinnovations, complementary
or substitutive channel use preferences, and perceived health
conditions.

[PDE File (Adobe PDF File), 290KB - jmir_v15i8e149 appl.pdf ]

Multimedia Appendix 2
Reliability, average variance extracted, and correlations.

[PDE File (Adobe PDF File), 389KB - jmir_v15i8e149_app2.pdf ]

References

1. Lester RT, vander Kop M, Taylor D, Alasaly K, Coleman J, Marra F. m-Health: Connecting patients to improve population
and public health. BCMJ 2011;53(5):218-219 [FREE Full text]

2. Fox S, Duggan M. Mobile health. Washington, DC: Pew Internet & American Life Project; 2012 Nov 08. URL: http://www.
pewinternet.org/~/medial/Files/Reports/2012/PIP_MobileHealth2012 FINAL.pdf [accessed 2013-03-12] [WebCite Cache

ID 6F4tz8FHT7]

http://www.jmir.org/2013/8/e149/

JMed Internet Res 2013 | vol. 15 | iss. 8 |€149 | p.99
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i8e149_app1.pdf&filename=df9eef6df83ccb069b00d481fda4d625.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e149_app1.pdf&filename=df9eef6df83ccb069b00d481fda4d625.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e149_app2.pdf&filename=f647c02f2fd7770750fc9848b9b0e4a6.pdf
https://jmir.org/api/download?alt_name=jmir_v15i8e149_app2.pdf&filename=f647c02f2fd7770750fc9848b9b0e4a6.pdf
http://www.bcmj.org/bc-centre-disease-control/m-health-connecting-patients-improve-population-and-public-health
http://www.pewinternet.org/~/media//Files/Reports/2012/PIP_MobileHealth2012_FINAL.pdf
http://www.pewinternet.org/~/media//Files/Reports/2012/PIP_MobileHealth2012_FINAL.pdf
http://www.webcitation.org/6F4tz8FH7
http://www.webcitation.org/6F4tz8FH7
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Rai et a

3. PriceWaterhouseCoopers. Emerging mHealth: Paths for Growth. 2012. URL : http://www.pwc.com/en _GX/gx/healthcare/
mheal th/assets/pwc-emerging-mheal th-exec-summary.pdf [accessed 2013-03-12] [WebCite Cache ID 6F4ul EZu?]

4. FreeC, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et a. Smoking cessation support delivered via mobile
phone text messaging (txt2stop): a single-blind, randomised trial. Lancet 2011 Jul 2;378(9785):49-55 [FREE Full text]
[doi: 10.1016/S0140-6736(11)60701-0] [Medline: 21722952]

5. Bysenbach G. Consumer health informatics. BMJ 2000 Jun 24;320(7251):1713-1716 [FREE Full text] [Medline: 10864552]

6.  Center for Health Market Innovations. 2004. Community Health Information Tracking System (CHITS) URL: http:/
[healthmarketi nnovati ons.org/program/community-hesl th-information-tracking-system-chits [ accessed 2013-03-12] [WebCite
Cache ID 6F4uRV{9a)

7.  Center for Health Market Innovations. 2005. Treatment and Research AIDS Center (TRAC) URL: http:/
[healthmarketinnovations.org/program/tracnet [accessed 2013-03-12] [WebCite Cache ID 6F4uWIiVs]

8.  Center for Health Market Innovations. 2003. Alerta DISAMAR URL: http://healthmarketinnovations.org/program/
alerta-disamar [accessed 2013-03-12] [WebCite Cache ID 6FAUMbr2G]

9.  WebMD. iTunes. 2013. WebMD the Magazine URL: https.//itunes.apple.com/us/app/webmd-the-magazine/
1d5033567177mt=8 [accessed 2013-07-11] [WebCite Cache ID 6I2ETbxHT]

10. SigmaPhone LLC. iTunes. 2012. iPharmacy - Pill ID & Rx Reminder URL : https://itunes.apple.com/us/app/
ipharmacy-pill-id-rx-reminder/id348702163?mt=8 [accessed 2013-07-11] [WebCite Cache ID 612EfIb9e]

11. Mayo Clinic.iTunes. 2013. Patient URL : https://itunes.apple.com/us/app/patient/id5232201942mt=8 [accessed 2013-07-11]
[WebCite Cache ID 61 2EjRIKW]

12.  eClinicalWorks. 2013. eClinicaMobile URL: http://www.eclini calworks.com/products-eclinical -mobile.htm [accessed
2013-07-11] [WebCite Cache ID 6|2EmLHBK]

13. sanofi-aventisUSLLC. iTunes. 2013. GoMealsURL : https.//itunes.apple.com/us/app/gomeal §/id336651139?7mt=8 [accessed
2013-07-11] [WebCite Cache ID 61 2Erok0r]

14. Livestrong.com. iTunes. 2013. Livestrong.com - Calorie Tracker - Your Diet and Fitness Calorie Counter for Better Health
URL: https://itunes.apple.com/us/app/livestrong.com-cal orie-tracker/id295305241?mt=8 [accessed 2013-07-11] [WebCite
Cache ID 612ExoUzn]

15. WellDoc, Inc. iTunes. 2013. AT& T mHealth URL: https:/itunes.apple.com/us/app/at-t-mheal th/id4807379177mt=8
[accessed 2013-07-11] [WebCite Cache ID 612F2pjcG]

16. Azumio Inc. iTunes. 2013. Glucose Buddy - Diabetes L ogbook Manager w/syncing, Blood Pressure, Weight Tracking
URL: https://itunes.appl e.com/us/app/glucose-buddy-di abetes-| ogbook/id2947546397mt=8 [ accessed 2013-07-11] [WebCite
Cache |D 612F6a8dj]

17. CocosilaM, Archer N. An empirical investigation of mobile health adoption in preventive interventions. In: BLED 2009
PROCEEDINGS. 2009 Presented at: 22nd Bled eConference; June 14-17, 2009; Bled, Slovenia

18. Hung MC, Jen WY. The adoption of mobile health management services: an empirical study. JMed Syst 2012
Jun;36(3):1381-1388. [doi: 10.1007/s10916-010-9600-2] [Medline: 20878452]

19. Weiner JP. Doctor-patient communication in the e-health era. 1sr J Health Policy Res 2012;1(1):33 [EREE Full text] [doi:
10.1186/2045-4015-1-33] [Medline: 22929000]

20. Cafazzo JA, Casselman M, Hamming N, Katzman DK, Palmert MR. Design of an mHealth app for the self-management
of adolescent type 1 diabetes: a pilot study. J Med Internet Res 2012;14(3):€70 [FREE Full text] [doi: 10.2196/jmir.2058]
[Medline: 22564332]

21. Ohno-Machado L. Informatics 2.0: implications of social media, mobile health, and patient-reported outcomesfor healthcare
and individual privacy. JAm Med Inform Assoc 2012;19(5):683. [doi: 10.1136/amiajnl-2012-001224] [Medline; 22879365]

22. Patrick K, Griswold WG, Raab F, Intille SS. Health and the mobile phone. Am JPrev Med 2008 Aug;35(2):177-181 [FREE
Full text] [doi: 10.1016/j.amepre.2008.05.001] [Medline: 18550322]

23. Winstead-Derlega C, Rafay M, Delgado S, Freeman J, Cutitta K, Miles T, et al. A pilot study of delivering peer health
messages in an HIV clinic viamobile media. Telemed J E Health 2012;18(6):464-469. [doi: 10.1089/tmj.2011.0236]
[Medline: 22732025]

24. BaronJ,Newman S. A systematic review of the effectiveness of mobile health interventionsfor the management of diabetes.
London, UK: Igitur Publishing; 2011 Presented at: International Congress on Telehealth and Telecare; March 1-3, 2011;
London, UK.

25. Schweitzer J, Synowiec C. The economics of eHealth and mHealth. J Health Commun 2012;17 Suppl 1:73-81. [doi:
10.1080/10810730.2011.649158] [Medline: 22548602]

26. Curioso WH, Mechael PN. Enhancing 'M-health’ with south-to-south collaborations. Health Aff (Millwood) 2010
Feb;29(2):264-267 [FREE Full text] [doi: 10.1377/hithaff.2009.1057] [Medline: 20348071]

27. Kahn JG, Yang JS, Kahn JS. 'Mobile' health needs and opportunities in devel oping countries. Health Aff (Millwood) 2010
Feb;29(2):252-258 [FREE Full text] [doi: 10.1377/hithaff.2009.0965] [Medline: 20348069]

28. Demiris G. New erafor the consumer health informatics research agenda. Health Syst 2012 May 04;1(1):13-16. [doi:
10.1057/hs.2012.7]

http://www.jmir.org/2013/8/e149/ JMed Internet Res 2013 | vol. 15 | iss. 8 |€149 | p.100

RenderX

(page number not for citation purposes)


http://www.pwc.com/en_GX/gx/healthcare/mhealth/assets/pwc-emerging-mhealth-exec-summary.pdf
http://www.pwc.com/en_GX/gx/healthcare/mhealth/assets/pwc-emerging-mhealth-exec-summary.pdf
http://www.webcitation.org/6F4uIEZu2
http://europepmc.org/abstract/MED/21722952
http://dx.doi.org/10.1016/S0140-6736(11)60701-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21722952&dopt=Abstract
http://europepmc.org/abstract/MED/10864552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10864552&dopt=Abstract
http://healthmarketinnovations.org/program/community-health-information-tracking-system-chits
http://healthmarketinnovations.org/program/community-health-information-tracking-system-chits
http://www.webcitation.org/6F4uRVf9a
http://www.webcitation.org/6F4uRVf9a
http://healthmarketinnovations.org/program/tracnet
http://healthmarketinnovations.org/program/tracnet
http://www.webcitation.org/6F4uWliVs
http://healthmarketinnovations.org/program/alerta-disamar
http://healthmarketinnovations.org/program/alerta-disamar
http://www.webcitation.org/6F4uMbr2G
https://itunes.apple.com/us/app/webmd-the-magazine/id503356717?mt=8
https://itunes.apple.com/us/app/webmd-the-magazine/id503356717?mt=8
http://www.webcitation.org/6I2ETbxHT
https://itunes.apple.com/us/app/ipharmacy-pill-id-rx-reminder/id348702163?mt=8
https://itunes.apple.com/us/app/ipharmacy-pill-id-rx-reminder/id348702163?mt=8
http://www.webcitation.org/6I2Eflb9e
https://itunes.apple.com/us/app/patient/id523220194?mt=8
http://www.webcitation.org/6I2EjRIkW
http://www.eclinicalworks.com/products-eclinical-mobile.htm
http://www.webcitation.org/6I2EmLHBK
https://itunes.apple.com/us/app/gomeals/id336651139?mt=8
http://www.webcitation.org/6I2Erok0r
https://itunes.apple.com/us/app/livestrong.com-calorie-tracker/id295305241?mt=8
http://www.webcitation.org/6I2ExoUzn
http://www.webcitation.org/6I2ExoUzn
https://itunes.apple.com/us/app/at-t-mhealth/id480737917?mt=8
http://www.webcitation.org/6I2F2pjcG
https://itunes.apple.com/us/app/glucose-buddy-diabetes-logbook/id294754639?mt=8
http://www.webcitation.org/6I2F6a8dj
http://www.webcitation.org/6I2F6a8dj
http://dx.doi.org/10.1007/s10916-010-9600-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20878452&dopt=Abstract
http://www.ijhpr.org/content/1/1/33
http://dx.doi.org/10.1186/2045-4015-1-33
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22929000&dopt=Abstract
http://www.jmir.org/2012/3/e70/
http://dx.doi.org/10.2196/jmir.2058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22564332&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2012-001224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22879365&dopt=Abstract
http://europepmc.org/abstract/MED/18550322
http://europepmc.org/abstract/MED/18550322
http://dx.doi.org/10.1016/j.amepre.2008.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18550322&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2011.0236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22732025&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2011.649158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548602&dopt=Abstract
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=20348071
http://dx.doi.org/10.1377/hlthaff.2009.1057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20348071&dopt=Abstract
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=20348069
http://dx.doi.org/10.1377/hlthaff.2009.0965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20348069&dopt=Abstract
http://dx.doi.org/10.1057/hs.2012.7
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Rai et a

29. Whittaker R. Issuesin mHealth: findings from key informant interviews. JMed Internet Res 2012;14(5):e129 [FREE Full
text] [doi: 10.2196/jmir.1989] [Medline: 23032424]

30. HsiehJ, Ra A, Keil M. Understanding digital inequality: Comparing continued use behavioral models of the
socio-economically advantaged and disadvantaged. MIS quarterly 2008;32(1):97-126.

31. Agawal R, Prasad J. A conceptual and operational definition of personal innovativeness in the domain of information
technology. Information Systems Research 1998 Jun 01;9(2):204-215. [doi: 10.1287/isre.9.2.204]

32. Agawal R, Prasad J. Areindividual differences germane to the acceptance of new information technologies? Decision
Sciences 1999 Mar;30(2):361-391. [doi: 10.1111/].1540-5915.1999.tb01614.X]

33. OrCK,KarshBT. A systematic review of patient acceptance of consumer health information technology. JAm Med Inform
Assoc 2009;16(4):550-560 [FREE Full text] [doi: 10.1197/jamia.M2888] [Medline: 19390112]

34. Thompson TG, Brailer DJ. The Decade of Health Information Technology: Delivering Consumer-Centric and
Information-Rich Health Care. 2004 Jul 21. URL: http://www.providersedge.com/ehdocs/ehr_articles/
the decade of hit-delivering_customer-centric_and_info-rich_hc.pdf [accessed 2013-03-26] [WebCite Cache ID
6FPQNKYV PE]

35. DavisFD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two theoretical models.
Management Science 1989 Aug 01;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

36. Fichman RG, Kemerer CF. The assimilation of software process innovations: an organizational learning perspective.
Management Science 1997 Oct 01;43(10):1345-1363. [doi: 10.1287/mnsc.43.10.1345]

37. Ra A, Brown P, Tang X. Organizational assimilation of electronic procurement innovations. Journal of Management
Information Systems 2009 Aug 13;26(1):257-296. [doi: 10.2753/M1S0742-1222260110]

38. DholakiaUM, Kahn BE, Reeves R, Rindfleisch A, Stewart D, Taylor E. Consumer behavior in amultichannel, multimedia
retailing environment. Journal of Interactive Marketing 2010 May;24(2):86-95. [doi: 10.1016/j.intmar.2010.02.005]

39. Nysveen H. Mobilizing the brand: the effects of mobile services on brand relationships and main channel use. Journal of
Service Research 2005 Feb 01;7(3):257-276. [doi: 10.1177/1094670504271151]

40. Becker M. The health belief model and sick role behavior. Health Educ Monogr 1974;2:409-419.

41. Bethell C, Fiorillo J, Lansky D, Hendryx M, Knickman J. Online consumer surveys as a methodology for assessing the
quality of the United States health care system. JMed Internet Res 2004 Jan 20;6(1):e2 [FREE Full text] [doi:
10.2196/jmir.6.1.e2] [Medline: 15111268]

42. Janz NK, Becker MH. The Health Belief Model: a decade later. Health Educ Q 1984;11(1):1-47. [Medline: 6392204]

43.  Venkatesh V, Thong J, Xu X. Consumer acceptance and use of information technology: extending the unified theory of
acceptance and use of technology. MIS quarterly 2012;36(1):157-178.

44. Fichman RG. Thediffusion assimilation of information technology innovations. In: Zmud RW, editor. Framing the Domains
of IT Management: Projecting the Future...Through the Past. Cincinnati, OH: Pinnaflex Educational Resources Inc; 2000.

45. Berry LL, SeidersK, Grewal D. Understanding service convenience. Journa of Marketing 2002 Jul;66(3):1-17. [doi:
10.1509/jmkQ.66.3.1.18505]

46. Bitner MJ, Brown SW, Meuter ML. Technology infusion in service encounters. Journal of the Academy of Marketing
Science 2000 Jan 01;28(1):138-149. [doi: 10.1177/0092070300281013]

47. Keh HT, Pang J. Customer reactions to service separation. Journal of Marketing 2010 Mar;74(2):55-70. [doi:
10.1509/jmkg.74.2.55]

48. Agarwa R, Prasad J. The antecedents and consequents of user perceptions in information technology adoption. Decision
Support Systems 1998 Jan;22(1):15-29. [doi: 10.1016/S0167-9236(97)00006-7]

49. Klein R. An empirical examination of patient-physician portal acceptance. Eur J Inf Syst 2007 Dec;16(6):751-760. [doi:
10.1057/pa grave.€jis.3000719]

50. LuJ, Yao JE, Yu C. Personal innovativeness, social influences and adoption of wireless Internet services viamobile
technology. The Journal of Strategic Information Systems 2005 Sep;14(3):245-268. [doi: 10.1016/j.jsis.2005.07.003]

51. Thatcher JB, Perrewe PL. An empirical examination of individual traits as antecedents to computer anxiety and computer
self-efficacy. MIS Quarterly 2002;26(4):381-396.

52. Agawal R, Sambamurthy V, Stair RM. Research report: the evolving relationship between general and specific computer
self-efficacy--an empirical assessment. Information Systems Research 2000 Dec;11(4):418-430. [doi:
10.1287/isre.11.4.418.11876]

53. Goldsmith RE. Explaining and predicting consumer intention to purchase over the internet: an exploratory study. Journal
of Marketing Theory and Practice 2002;10(2):22-28.

54. Goldsmith RE. Using the Domain Specific Innovativeness Scal e to identify innovative Internet consumers. Internet Research
2001;11(2):149-158. [doi: 10.1108/10662240110695098]

55. Citrin AV, Sprott DE, Silverman SN, Stem DE, Jr. Adoption of Internet shopping: the role of consumer innovativeness.
Industrial Management & Data Systems 2000;100(7):294-300. [doi: 10.1108/02635570010304806]

56. KuoY, Yen S. Towards an understanding of the behavioral intention to use 3G mobile value-added services. Computers
in Human Behavior 2009 Jan;25(1):103-110. [doi: 10.1016/j.chb.2008.07.007]

http://www.jmir.org/2013/8/€149/ JMed Internet Res 2013 | vol. 15 | iss. 8 [e149 | p.101

(page number not for citation purposes)


http://www.jmir.org/2012/5/e129/
http://www.jmir.org/2012/5/e129/
http://dx.doi.org/10.2196/jmir.1989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23032424&dopt=Abstract
http://dx.doi.org/10.1287/isre.9.2.204
http://dx.doi.org/10.1111/j.1540-5915.1999.tb01614.x
http://jamia.bmj.com/cgi/pmidlookup?view=long&pmid=19390112
http://dx.doi.org/10.1197/jamia.M2888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19390112&dopt=Abstract
http://www.providersedge.com/ehdocs/ehr_articles/the_decade_of_hit-delivering_customer-centric_and_info-rich_hc.pdf
http://www.providersedge.com/ehdocs/ehr_articles/the_decade_of_hit-delivering_customer-centric_and_info-rich_hc.pdf
http://www.webcitation.org/6FPQNkVPE
http://www.webcitation.org/6FPQNkVPE
http://dx.doi.org/10.1287/mnsc.35.8.982
http://dx.doi.org/10.1287/mnsc.43.10.1345
http://dx.doi.org/10.2753/MIS0742-1222260110
http://dx.doi.org/10.1016/j.intmar.2010.02.005
http://dx.doi.org/10.1177/1094670504271151
http://www.jmir.org/2004/1/e2/
http://dx.doi.org/10.2196/jmir.6.1.e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15111268&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6392204&dopt=Abstract
http://dx.doi.org/10.1509/jmkg.66.3.1.18505
http://dx.doi.org/10.1177/0092070300281013
http://dx.doi.org/10.1509/jmkg.74.2.55
http://dx.doi.org/10.1016/S0167-9236(97)00006-7
http://dx.doi.org/10.1057/palgrave.ejis.3000719
http://dx.doi.org/10.1016/j.jsis.2005.07.003
http://dx.doi.org/10.1287/isre.11.4.418.11876
http://dx.doi.org/10.1108/10662240110695098
http://dx.doi.org/10.1108/02635570010304806
http://dx.doi.org/10.1016/j.chb.2008.07.007
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Rai et a

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.
76.

77.

78.

79.

80.

81.

82.

Lu J, Yao JE, Yu C. Personal innovativeness, social influences and adoption of wireless Internet services viamobile
technology. The Journal of Strategic Information Systems 2005 Sep;14(3):245-268. [doi: 10.1016/j.jsis.2005.07.003]
Moore GC, Benbasat |. Development of an instrument to measure the perceptions of adopting an information technology
innovation. Information Systems Research 1991 Sep 01;2(3):192-222. [doi: 10.1287/isre.2.3.192]

Pouffe CR, Vandenbosch M, Hulland J. Intermediating technol ogies and multi-group adoption: A comparison of consumer
and merchant adoption intentions toward a new electronic payment system. Journal of Product Innovation Management
2001 Mar;18(2):65-81. [doi: 10.1111/1540-5885.1820065]

Rosenstock IM. Why people use health services. Milbank Quarterly 2005 Dec;83(4):Online-only. [doi:
10.1111/j.1468-0009.2005.00425.X]

Bloch PH. Seeking the ideal form: product design and consumer response. Journal of Marketing 1995 Jul;59(3):16-29.
[doi: 10.2307/1252116]

Emont S. Measuring the impact of patient portals: what the literature tells us. Oakland, CA: California Health Care
Foundation; 2011. URL: http://www.chcf.org/~/media/M EDIA%20L IBRARY %20FilesPDF/M/

PDF%20M easuringl mpactPatientPortal s.pdf [accessed 2013-03-26] [WebCite Cache ID 6FPRUIDV C]

Agarwal R, Anderson C, Zarate J, Ward C. If we offer it, will they accept? Factors affecting patient use intentions of
personal health records and secure messaging. JMed Internet Res 2013;15(2):e43 [EREE Full text] [doi: 10.2196/jmir.2243]
[Medline: 23470453]

Bigne E, Ruiz C, Sanz S. Theimpact of internet user shopping patterns and demographics on consumer mobile buying
behaviour. Journal of Electronic Commerce Research 2005;6(3):193-209.

Li H, Kuo C, Russell M. Theimpact of perceived channel utilities, shopping orientations, and demographics on the consumer's
online buying behavior. J Comput Mediat Commun 1999;5(2):1-20. [doi: 10.1111/.1083-6101.1999.tb00336.X]

Liao Z, Cheung MT. Internet-based e-shopping and consumer attitudes: an empirical study. Information & Management
2001 Apr;38(5):299-306. [doi: 10.1016/S0378-7206(00)00072-0]

Déglise C, SuggsL S, Odermatt P. Short message service (SMS) applicationsfor disease prevention in devel oping countries.
JMed Internet Res 2012;14(1):€3 [FREE Full text] [doi: 10.2196/jmir.1823] [Medline: 22262730]

Kéllander K, Tibenderana JK, Akpogheneta OJ, Strachan DL, Hill Z, ten Asbroek AH, et al. Mobile health (mHealth)
approaches and lessons for increased performance and retention of community health workersin low- and middlie-income
countries: areview. JMed Internet Res 2013;15(1):e17 [FREE Full text] [doi: 10.2196/jmir.2130] [Medline: 23353680]
United States Census Bureau. 2012. US Census Data URL : http://www.census.gov/ [accessed 2013-07-02] [WebCite Cache
ID 6HoeZ5NxV]

Lindell MK, Whitney DJ. Accounting for common method variance in cross-sectional research designs. JAppl Psychol
2001 Feb;86(1):114-121. [Medline: 11302223]

Anderson JC, Gerbing DW. Structural equation modeling in practice: A review and recommended two-step approach.
Psychological Bulletin 1988;103(3):411-423. [doi: 10.1037//0033-2909.103.3.411]

Hair JF. Multivariate Data Analysis with Readings. Englewood Cliffs, NJ: Prentice Hall; 1995.

Segars A. Assessing the unidimensionality of measurement: a paradigm and illustration within the context of information
systems research. Omega 1997 Feb;25(1):107-121. [doi: 10.1016/S0305-0483(96)00051-5]

Fornell C, Larcker DF. Evaluating structural eguation models with unobservable variables and measurement error. Journal
of Marketing Research 1981 Feb;18(1):39. [doi: 10.2307/3151312]

Nunnally J, Bernstein IH. Psychometric Theory. New York: McGraw-Hill; 1994.

Aiken LS, West SG, Reno RR. Multiple Regression: Testing and Interpreting Interactions. Newbury Park, CA: Sage
Publications; 1991.

MyFitnessPal.com. iTunes. 2013. Calorie Counter & Diet Tracker by MyFitnessPal URL: https://itunes.apple.com/us/app/
calorie-counter-diet-tracker/id341232718?mt=8& ign-mpt=u0%3D4 [accessed 2013-07-11] [WebCite Cache | D 612FTkmgP)|
Azumio Inc. iTunes. 2013. Instant Heart Rate - Heart Rate Monitor URL: https:/itunes.apple.com/us/app/
instant-heart-rate-heart-rate/id409625068?mt=8 [accessed 2013-07-11] [WebCite Cache ID 612FX0yh2]

US Preventive Medicine, Inc. iTunes. 2013. Macaw URL: https:/itunes.apple.com/us/app/macaw/id4801936337mt=8
[accessed 2013-07-11] [WebCite Cache ID 612FaY wef)]

Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient self-management of chronic disease in primary care. JAMA
2002 Nov 20;288(19):2469-2475. [Medline: 12435261]

Houston TK, Allison JJ. Users of Internet health information: differences by health status. JMed Internet Res 2002;4(2):E7
[FREE Full text] [doi: 10.2196/jmir.4.2.e7] [Medline: 12554554]

Boulanger B, Kearney P, Ochoa J, Tsuei B, Sands F. Telemedicine: a solution to the followup of rural trauma patients? J
Am Coll Surg 2001 Apr;192(4):447-452. [Medline: 11294400]

Abbreviations

AVE: average variance extracted
CFA: confirmatory factor analysis

http://www.jmir.org/2013/8/€149/ JMed Internet Res 2013 | vol. 15 | iss. 8 [e149 | p.102

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jsis.2005.07.003
http://dx.doi.org/10.1287/isre.2.3.192
http://dx.doi.org/10.1111/1540-5885.1820065
http://dx.doi.org/10.1111/j.1468-0009.2005.00425.x
http://dx.doi.org/10.2307/1252116
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/M/PDF%20MeasuringImpactPatientPortals.pdf
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/M/PDF%20MeasuringImpactPatientPortals.pdf
http://www.webcitation.org/6FPRUiDVC
http://www.jmir.org/2013/2/e43/
http://dx.doi.org/10.2196/jmir.2243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23470453&dopt=Abstract
http://dx.doi.org/10.1111/j.1083-6101.1999.tb00336.x
http://dx.doi.org/10.1016/S0378-7206(00)00072-0
http://www.jmir.org/2012/1/e3/
http://dx.doi.org/10.2196/jmir.1823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22262730&dopt=Abstract
http://www.jmir.org/2013/1/e17/
http://dx.doi.org/10.2196/jmir.2130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23353680&dopt=Abstract
http://www.census.gov/
http://www.webcitation.org/6HoeZ5Nxv
http://www.webcitation.org/6HoeZ5Nxv
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11302223&dopt=Abstract
http://dx.doi.org/10.1037//0033-2909.103.3.411
http://dx.doi.org/10.1016/S0305-0483(96)00051-5
http://dx.doi.org/10.2307/3151312
https://itunes.apple.com/us/app/calorie-counter-diet-tracker/id341232718?mt=8&ign-mpt=uo%3D4
https://itunes.apple.com/us/app/calorie-counter-diet-tracker/id341232718?mt=8&ign-mpt=uo%3D4
http://www.webcitation.org/6I2FTkmqP
https://itunes.apple.com/us/app/instant-heart-rate-heart-rate/id409625068?mt=8
https://itunes.apple.com/us/app/instant-heart-rate-heart-rate/id409625068?mt=8
http://www.webcitation.org/6I2FX0yh2
https://itunes.apple.com/us/app/macaw/id480193633?mt=8
http://www.webcitation.org/6I2FaYwe6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12435261&dopt=Abstract
http://www.jmir.org/2002/2/e7/
http://dx.doi.org/10.2196/jmir.4.2.e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554554&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11294400&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Rai et a

CMP: compatibility

HLTH: perceived healthiness

I T: information technology

OLS: ordinary least squares

PIIT: persona innovativeness toward information technology
PIMS: persona innovativeness toward mobile services

SES: socioeconomic status

VULN: perceived vulnerability

Edited by G Eysenbach; submitted 30.03.13; peer-reviewed by X Zhang, T Chomutare; comments to author 23.04.13; revised version
received 10.05.13; accepted 16.05.13; published 02.08.13.

Please cite as:

Rai A, Chen L, Pye J, Baird A

Understanding Determinants of Consumer Mobile Health Usage Intentions, Assimilation, and Channel Preferences
J Med Internet Res 2013;15(8): €149

URL: http://www.jmir.org/2013/8/e149/

doi:10.2196/jmir.2635
PMID: 23912839

©Arun Rai, Liwei Chen, Jessica Pye, Aaron Baird. Originaly published in the Journa of Medica Internet Research
(http://www.jmir.org), 02.08.2013. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographicinformation, alink to the original publication on http://www.jmir.org/, aswell asthis copyright and licenseinformation
must be included.

http://www.jmir.org/2013/8/e149/ JMed Internet Res 2013 | vol. 15 | iss. 8 |€149 | p.103
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/8/e149/
http://dx.doi.org/10.2196/jmir.2635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23912839&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Silveiraet d

Original Paper

Tablet-Based Strength-Balance Training to Motivate and Improve
Adherence to Exercise in Independently Living Older People: A
Phase Il Preclinical Exploratory Trial

Patricia Silveira®”’, PhD; Rolf van de Langenberg”, PhD; Eva van het Reve?, MSc; Florian Daniel®’, PhD; Fabio
Casati*', PhD; Eling D de Bruin®, PhD

1University of Trento, Department of Information Engineering and Computer Science, Trento, Italy
2|nstitute of Human Movement Sciences and Sport, Department of Health Sciences and Technology, ETH Ziirich, Ziirich, Switzerland
*all authors contributed equally

Corresponding Author:

Petricia Silveira, PhD

University of Trento

Department of Information Engineering and Computer Science
Via Sommarive, 14-Povo

Trento, 38123

Italy

Phone: 39 0461 28 20 93

Fax: 39 0461 28 20 93

Email: silveira@disi.unitn.it

Abstract

Background: Reaction time, coordination, and cognition performance typically diminish in older adults, which may lead to
gait impairments, falls, and injuries. Regular strength—balance exercises are highly recommended to reduce this problem and to
improve health, well-being, and independence in old age. However, many older people face alack of mativation in addition to
other strong barriers to exercise. We developed ActivelLifestyle, an information technology (IT)-based system for active and
healthy aging aiming at improving balance and strength. Activel ifestyleisatraining app that runs on atablet and assists, monitors,
and motivates older people to follow personalized training plans autonomously at home.

Objective: The objectives were to (1) investigate which IT-mediated motivation strategies increase adherence to physical
exercise training plans in older people, (2) assess the impact of ActiveLifestyle on physical activity behavior change, and (3)
demonstrate the effectiveness of the ActiveLifestyle training to improve gait speed.

Methods: A total of 44 older adults followed personalized, 12-week strength and balance training plans. All participants
performed the exercises autonomously at home. Questionnaires were used to assess the technological familiarity and stage of
behavior change, aswell asthe effectiveness of the motivation instruments adopted by Activel ifestyle. Adherence to the exercise
plan was evaluated using performance data collected by the app and through information given by the participants during the
study. Pretests and posttests were performed to evaluate gait speed of the participants before and after the study.

Results: Participants were 75 years (SD 6), predominantly female (64%), held atrade or professional diploma (54%), and their
past profession was in a sitting position (43%). Of the 44 participants who enrolled, 33 (75%) completed the study. The app
proved to assist and motivate independently living and healthy older adults to autonomously perform strength—bal ance exercises
(median 6 on a 7-point Likert scale). Social motivation strategies proved more effective than individual strategies to stimulate
the participants to comply with the training plan, aswell asto change their behavior permanently toward amore physically active
lifestyle. The exercises were effective to improve preferred and fast gait speed.

Conclusions: Activel ifestyle assisted and motivated independently living and healthy older people to autonomously perform
strength—balance exercises over 12 weeks and had low dropout rates. The social motivation strategies were more effective to
stimulate the participants to comply with the training plan and remain on the intervention. The adoption of assistive technology
devices for physical intervention tends to motivate and retain older people exercising for longer periods of time.

(J Med Internet Res 2013;15(8):€159) doi:10.2196/jmir.2579
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Introduction

Background

Theprimary goal of public health careisto increase the number
of years of good health and maintain independence and quality
of lifeaslong as possible. Healthy aging is characterized by the
avoidance of disease and disability, the maintenance of high
physical and cognitive function, and sustained engagement in
socia and productive activities. These 3 components together
define successful aging [1].

An important part of successful aging is maximization of
physica performance. The ability to fully participate in
productive and recreational activities of daily life may be
affected when the capacity to easily perform common physical
functions decreases [1]. Thus, health status is an important
indicator of quality of lifeamong older people[2,3]. It hasbeen
demonstrated that components of health-related fitness and
functional performance or serious, chronic conditions and
diseases that directly influence the components of fitness and
performance are rel ated to perceived health among middle-aged
and older adults[3-5].

Regular physical activity or exercise substantially preventsthe
development and progression of most chronic degenerative
diseases[6-8], is of benefit to frail and older persons, and isthe
only therapy found to simultaneously improve sarcopenia,
physical function, cognitive performance, and mood in older
adults[9]. For older people, asedentary lifestyle also increases
the risk of falls, whereas physicaly active older people have a
reduced risk of fallswith injuries[10-12]. Animportant marker
for improvements in physical function that influences health
and survival is gait speed [13]. In summary, to increase older
adults’ quality of life and fitness, we need to encourage them
to become or stay physicaly active [14-15] and increase their
fitness through training.

The objective of this research is to run a phase |l study [16]
with a tablet app called ActivelLifestyle [17], an app for the
autonomous strength-balance physical training for independently
living older adults. We aimed to investigate (1) which
information technology (IT)-mediated motivation strategies
increased adherenceto physical exercisetraining plansin older
people, (2) whether these strategies could induce physical
activity behavior change, and (3) the effectiveness of
Activel ifestyle training to improve gait speed.

Related Work

Home environmental interventionsto prevent functional decline
seem to be effective [ 18] and are preferred by older people (ie,
instead of leaving their houses to exercise) [19]. Interventions
with integrated assistive technology devices have, in this
context, the potential to further help in overcoming some of the
barriers to start training [20] and maintaining physical
independence for independently living older people [21].
Recently developed innovative ideas designed to alter clinical
practice in sports were based on the devel opment of tablet apps

http://www.jmir.org/2013/8/e159/

for prevention, for instance [22]. Tablet and smartphone
software apps specifically designed for health purposes are, in
general, enthusiastically adopted as a means of delivering
self-managed health interventions [23-25]. However, such
tablet-based interventions are often plagued by high attrition
rates and varying levels of user adherence[24,25]. Furthermore,
the effectiveness of tablet-based health intervention approaches
has not yet been demonstrated in older people.

From a pilot study, we knew it is feasible to use assistive
technology devices in an older population with the aim of
encouraging performance of physical exercise [20]. The
short-duration pilot did not focus on aspects of physica
functioning, but indicated that the app could be improved by
explicitly considering additional motivational strategies. It is
well known that motivation strategies affect adherenceto health
interventions [26]; however, only a few solutions explore
different motivation techniques to stimulate regular physical
activity [26-28]. Most of these sol utions have the drawback that
they do not specifically focus on older people. Albaina et a
[29] presented a user-friendly software interface running on a
small touchscreen display to motivate older adultsto walk. The
authors used a graphical representation of a flower to motivate
and assist seniors to monitor their daily amount of steps
collected by pedometers through this simple metaphor of their
performance. To the best of our knowledge, thereis not another
software app dedicated to strength-balance training plans for
older people.

Methods

Activel ifestyle

Activelifestyle is a software app for active aging, aimed at
assisting, monitoring, and motivating older people during
autonomous home-based physical workouts [20,30,31]. The
software takes usability aspects into account, to ensure that
older users can use it independently and it adopts a set of
motivation strategies to stimulate usersto exercise regularly. A
video of the app is available on YouTube [32], and the app can
be downloaded from the Apple App Store [17].

Threelevels of strength-balance training plans are supported in
the app: beginner, intermediate, and expert. In al levels, the
balance training should be done 5 days per week. Sessions are
composed of 3 exercises, in which the trainees repeatedly (1-3
times) hold a certain position for several seconds (15-30 sec).
Each level has different exercises, allowing progression as the
person advancesthrough the levels (eg, at the intermediate level
the older person must perform the exercises while standing on
atowel; at the expert level the exercise must be performed with
the eyes closed). Strength training has 3 levels and should be
done twice aweek; starting with 6 warm-up exercises, then 10
strength and 2 stretching exercises. A minimum number of sets
(1-3) and repetitions (12-30) are available for each exercise.
Some exercisesrequirethe use of weights (2-6 kg). Therequired
effort of the exercises increases according to the level (eg, the
beginner level does not require weights; the intermediate level
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requires ankle weights and performance in the sitting position;
the expert level requires weights and exercises performed in
standing position). The strength-balance training follows best
practices recommendations and training principles (eg, it is
progressive in nature) [33,34]. Figure 1 illustrates some
exercises supported by Activelifestyle. All exercises are
available on YouTube [35].

In addition to the actual physical training, Activelifestyle
features a set of individual and social motivation instruments.
In general, individual motivation strategies aim to convince
someone to do something becauseit isinherently enjoyable for
this person, independently of any socia pressure.
Activel ifestyle specifically supports:

1. Conditioning through positive and negative reinforcement
by immediately offering a reward/praise after an expected
behavior to encourage the behavior and increase the
probability that it happens again, or reprimands undesired
behavior to decrease the probability of a reoccurrence of
that behavior. Metaphorsfor reinforcement include aflower
that grows whenever a session is completed (ie, positive
reinforcement) and a gnome who takes care of the flower.
The gnome’s mood status varies according to the person’s
daily compliance to the plan (ie, positive and negative
reinforcement; if the person performs the exercise, the
gnomeis happy, otherwise heis sad) (see panel ain Figure
2).

2. Goa setting by establishing specific, measurable,
achievable, and time-targeted goals. The goal is anticipated
by visually conveying the achievable maximum growth of
the flower (see panel b in Figure 2).

3. Sdf-monitoring by allowing people to monitor themselves
and to modify their attitudes and behaviors. Coloring the
flower growth stages reflects progress toward the goal (see
panel bin Figure 2).

4. Awareness by presenting the benefits of being physically
active through written content on a bulletin board and by
showing inspiring stories (eg, link to newspapers, videos,
or websites) (Figure 3).

Social motivation strategies are built on socia psychology. An
individual’s socia network (other trainees) may act as source
of motivation. ActivelLifestyle uses:

1. Comparison by allowing a person to compare similarities
and differences between 2 or more parties. People tend to
keep equality in their relationships. Whenever a person
completes a workout session, an automatic message is
posted on abulletin board informing the training community
(ie, other users following the same training plans) about
the complete session. The message also carries the status
of theindividual's flower.

2. External monitoring by allowing 1 party to monitor the
performance of another party. Activel ifestyle enableshealth
care expertsto access data on performance and compliance
with the training plan. The older users have access to their
own flower and to that of their training partners, enabling
monitoring progress of peers.

http://www.jmir.org/2013/8/e159/
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3. Emotional support by encouraging exchange of written
messages between trainees and experts to motivate and
assist. Activel ifestyle usesabulletin board and an “inBox.”
The first is a public channel where all members of the
training community have access. The second is a
bidirectional private channel for contact with professionals
capable of giving advice and feedback on trainings.

4. Collaboration by offering a collaborative activity designed
as a game, in which to progress in the game, a group of
trainees must jointly be compliant with the training plan.
The To the Top game is atrekking trail with 24 predefined
points (2/week). The aim of the game is to climb a
mountaintop, as a group of successful trainings ends.
Compliancewith thetraining plan isevaluated twice weekly
on group level. A total of 65% or more members of agroup
have to perform the scheduled workout to be awarded a
new flag on the trail (representing progress toward the
mountaintop). Each flag uncovers a story with trivia about
the Matterhorn and what is needed to conquer the mountain
as a parable explaining the benefits associated with being
physicaly active (Figure 4).

Activelifestyle comes in 2 versions. The individual version
contains only the individual motivations strategies. The social
version supports individual and social motivation strategies,
and a virtual training plan community and communication
features. In addition to the motivation strategies, Activel ifestyle
supports 6 main features accessible through its menu:

1. The What's Next? option invites the users to start the
performance of due workout sessions.

2. The weekly exercises option shows the scheduled
strength—bal ance sessions organized per week.

3. The progress option shows the users’ progress thought the
conditioning, goal setting, and self-monitoring strategies
previously mentioned in both versions. The social version
also supports the collaboration strategy through the To the
Top game.

4. The bulletin board allows the users to receive written
messages, which may include links for websites and
YouTube videos. Three types of messages are supported:
(1) workout session completed messages (in green) to
inform the participant(s) about the conclusion of ascheduled
session of exercises; (2) Activelifestyle tips messages (in
pink) to support the awareness motivation strategy
illustrated in Figure 3; and (3) public messages (in white)
written by the training members. Only the social version
supports the third type of message and has the ability to
send messages to the entire training plan community.

5. The friends option lists the members of the training plan
community (ie, older users and experts). Only the social
version supports this feature.

6. The inBox option allows users to exchange private text
messages with their list of friends.

All the previously mentioned features and motivation strategies
can be inspected at the Life Participation Project website [31].
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Figure 1. Exercise examples.
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One Leg Stand on a Towel
{Balance - Intermediate)

One Leg Stand with Eyes
Closed (Balance - Expert)

Standing hip flexion without
placing the foot on the floor
{Strength - Expert)

Figure 2. Metaphors within the app to motivate older people through conditioning, goa setting, and self-monitoring.
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Figure 3. ActivelLifestyle tipsto improve awareness about the benefits of being physically active.

Bulletin board

Active Lifestyle tip 1 minute ago Q

Success Story

Johanna Quaas, an 86-year-old woman, recently
stole the show from gymnasts young enough to be
her grand-daughters at the 2012 Cottbus
gymnastics World Cup in Germany. Quaas, a native
of Halle, Saxony, began her gymnastics training late
at the age of 30, and after fifty years of
performance, she has won the artistic gymnastics
championship in Germany many times.

You can watch her video here

Figure 4. The To the Top collaboration game within the app.
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Eligibility Criteria

Participants were older adults aged 65 years or older; living
independently; able to walk independently with or without
walking aids; able to follow instructions spoken in German,
English, or Italian; and with no severe illness, cognitive
impairment, progressive neurological disease, stroke, severe
cardiac failure, or high blood pressure. Ethical approval for the
study was obtained from the Eidgendssische Technische
Hochschule (ETH) Ethics Committee (EK 2011-N-64).
Setting

Participants were recruited by convenience sampling from 2
institutions for older people and 1 organization responsible for
coordinating and providing at-home nursing care for seniors.
The Senioren Begegnungszentrum Baumgartlihof, aday center
dedicated to delivering services and information related to the
older population (Horgen, Switzerland), advised potential
participants through its mailing list and by notes in the local
newspaper (Multimedia Appendix 1). The Alterswohnungen
Turm-Matt, a cooperative offering housing and daily living
facilitiesto older people (Wollerau, Switzerland), informed and
advised potential participants in person or by phone and
distributed flyers to advertise the study. The Fachstelle fir
praventive Beratung Spitex-Zirich, a home-care nursing
organization (Spitex-Zirich), promoted the study by sending
letters and specifically inviting patientsin need of better physical
performance. Spitex-Ziirich nurses sel ected potential participants
based on the eligibility criteria.

Intervention

To investigate the effects of different motivation strategies, a
pretest/posttest preclinical trial was performed. For convenience,
the ActiveL ifestyle groups were composed of (1) an individual
group that followed training using the individual version of
Activel ifestyle; (2) asocia group that followed training using
the socia version of the app, (3) a control group that followed
exerciseswith printed i nformation without additional motivation
strategy. The individual and social groups were randomly
composed of participants recruited from Baumgartlihof and
Spitex-Zrich, whereas the participants in the control group
were recruited from Turm-Matt because of time and resource
constraints (eg, lack of research team members, the control
group was not randomized with the other participants). Figure
5 shows the recruitment process and the flow of participants
through the study. Videos of some parts of the interventions
can be watched on YouTube [35].

The development of our intervention follows a framework for
the design and evaluation of complex interventions [36] and
should at this stage be considered as a preclinical exploratory
trial. For this reason, we did not use a pure randomized,
controlled research design; therefore, we did not register this
study asaclinical trial.

Outcome M easures

Adherence and Attrition

Adherence was computed by Activelifestyle during the
intervention and stored in a central database. The control group
adherence was assessed with paper-based training logs. To

http://www.jmir.org/2013/8/e159/
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calculate adherence, the total number of workout sessions for
each participant was divided by 81, which wasthe total number
of possible training sessions for the 12-week period (because
of technical issues, the training was suspended for 3 days and
the trainees were aware of the 81 training sessionsin advance).
The adherence of participants who dropped out was cal culated
by dividing the number of workout sessions attended up to the
point of dropout from the study by 81 [37]. Values were
compared between groups and with median rates in
community-based fal prevention interventions [38]. For
attrition, we measured the number of participants retained and
lost at the final follow-up.

Gait Speed

The effect of the training on physical performance was assessed
by measuring preferred and fast walking speed [39] with the
GAITRitewalkway, avalid and reliable tool for measuring gait
in older people [40-42].

Motivation I nstruments

The effectiveness of the motivation instruments built into the
system was assessed based on the participants feedback,
collected with a 7-point Likert scale self-reported questionnaire
at the end of the intervention (Multimedia Appendixes 2 and
3), and on the performance (adherence, attrition, and gait speed)
comparison among the 3 groups of participants.

Change of Behavior

The level of exercise adoption was evaluated according to the
Transtheoretical Model (TTM) [43], which describes how people
modify or acquire behavior. A self-reported TTM questionnaire
(Multimedia Appendix 4) was applied before and after the
training period. Participants were classified into 4 groups:
contemplation (eg, thinking about physical behavior change),
preparation (eg, already somewhat physically active), action
(eg, doing enough physical activity), and maintenance (eg,
making physical activity a habit).

Statistical Analyses

Analysis of variance (ANOVA) was used to test for differences
in adherence to the training program between groups, as well
as gait speed over time and between groups. Significant main
effects were followed up by post hoc t tests with correction for
multiple comparisons. Between-group differences in attrition

were analyzed using a chi-square (x2) test. Questionnaires on
enjoyment, motivation, and change of behavior were analyzed
using Kruskal—Wallis ANOVA and Wilcoxon signed rank tests
(W). In all analyses, the level of significance was set at P<.05.

For effect size, we used n?in all ANOVA analyses, Cohen'sd
for al post hoc analyses, mean sguare contingency coefficient
(@) for chi-square tests, and Pearson r (r) for Kruskal-Wallis
ANOVA and Wilcoxon signed rank tests. The r is calculated
asr=ZNN, in which Z is the standardized difference and N is
the total number of samples. Suggested norms for interpreting

n? are 0.01=small, 0.06=moderate, and 0.14=large effect [44].
For small, moderate, and large effects, these normsare 0.2, 0.5,
and 0.8, respectively, for Cohen’s d and 0.1, 0.3, and 0.5,
respectively, for both @ and r [44]. All tests were conducted
using SPSS Version 21.0 (IBM Corp, Armonk, NY, USA).
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Figure5. Flowchart of participants.

Participants (N=44)

14 Spitex-Zlrich + 13 Baumgartlihof
participants attended:

1 Introductory class

1 iPad + ActiveLifestyle class

1 Physical Exercise class

17 Turm-Matt participants
attended:
1 Physical Exercise class

received:

1 Physical Exercise manual
: . - 1 Training lo
! 'Pa.d W'.th Wi-Fi or 3G support 1 Pair of%nk?e weights (2kg)
1 ActiveLifestyle app 1 Resistance band
1 ActiveLifestyle app user guide 1 Pilates ball
1 iPad user guide
1 Pair of ankle weights (2kg)
1 Resistance band
1 Pilates ball

received:

answered:
1 Health questionnaire
1 Technology familiarity questionnaire

1 Stage of behavior change questionnaire
answered: g Vi ge questi i

1 Health questionnaire
1 Technology familiarity questionnaire
1 Stage of behavior change questionnaire

performed:
Pretest physical evaluation

performed:
Pretest physical evaluation

all participants (N=27) were
randomized in two groups

Individual Group - .
X roup Social Group - Control Group -
using the Individual . . . )
. using the Social version using only paper
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of the
Intervention| | propouts (N=3): b ts (N21): Dropouts (N=7):

1 Suffered side effects of ropouts (N=1): 6 Suffered lack of
chemotherapy / 5th week; 1 ﬁ‘:ﬁereg broken shoulder / motivation / 2nd-3rd week;
1 Scheduled for hip th wee and
operation / 6th week; and 1 Suffered health
1 Broken toe / 8th week problem / 9th week
End of the _
Intervention t=12 weeks
answered:

answered:

1 Stage of behavior change questionnaire 1 Stage of behavior change questionnaire

1 Motivation questionnaire

performed:

performed: Posttest physical evaluation

Posttest physical evaluation
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Results

Demogr aphics

Detailed information about the participants demographics,
based on the Health and Technology Familiarity self-reported
guestionnaires (Multimedia Appendixes5 and 6), is summarized
in Table 1.

Adherence and Attrition

Table 2 presents the adherence to Activelifestyle
strength—balance training plans. Adherence acrosstraining plans
differed significantly between groups (F,4=4.8, P=.01

n2=0.19). Post hoc t tests with Benjamini—Hochberg correction
revedled a large and significant difference between the social
group (mean 81.9%, SD 1.6%) and the control group (mean

Table 1. Participants' demographics (N=44).

Silveiraet d

48.1%, SD 41.5%; t19,=3.1, P=.02 d=0.91). The difference
between theindividual group (mean 71.1%, SD 25.2%) and the
control group was moderateto large (t,5 9=1.9, P=.10, d=0.63).
The difference between the individual and socia groups was
moderate yet nonsignificant (t;g=1.4, P=.19, d=0.50).

Thirty-three older adults completed the 12 weeks of training,
resulting in a 25% attrition rate in total, 21% in the individual
group (3/14), 8% in the social group (1/13), and 41% in the
control group (7/17). Figure 6 illustrates the number of
remaining participantsin each group per week after enrollment.
More details about the dropout reasons are reported in Figure
5. A chi-squaretest revealed that attrition rate was higher inthe
control group (41.2%) than in the combined Activel ifestyle

groups (14.2%; x%,=3.9, P=.05, ¢=0.30).

Characteristic Individual Social Control
(n=14) (n=13) (n=17)
Female gender, n (%) 10 (71) 8(62) 10 (59)
Age (years), mean (SD) 74 (5) 75 (6) 76 (15)
Hold trades or professional diploma, n (%) 7 (50) 7(54) 10 (59)
In asitting position past profession, n (%) 7 (57) 6 (46) 6 (35)
Health questions, n (%)
Estimated good health 5(36) 8(61) 8(47)
Estimated average balance 7 (50) 5(398) 9 (53
Feel pain but not every day 9 (64) 7 (54) 7(41)
Flexibility questions, n (%)
Fell in the past 6 months? 2(14) 5(38) 4(23)
Walk at least twice aweek 5(36) 8 (61) 9(53)
Practiced some sport in the past 10 (71) 8 (61) 5(29)
Never practiced strength exercises 11 (79) 7 (54) 14 (82)
Technology familiarity, n (%)
Frequently use automated teller machines 7 (50) 9 (69) 7 (41)
Frequently use cellphones 7 (50) 10 (77) 6 (35)
Frequently use digital photography 8(57) 4(31) 4(23)
Don't use Global Positioning System devices 7 (50) 8 (61) 6 (35)
Don’t use automatic kiosks 9 (64) 6 (46) 12 (71)
Don’t know what an e-book is 7 (50) 5(398) 11 (65)
Use a computer 12 (86) 10 (77) 8 (47)
Between 1-5 hours per week 6 (43) 4(31) 3(18)
Use the Internet 12 (86) 9 (69) 5(29)
Between 1-5 hours per week 7 (50) 6 (46) 2(12)

8A fall was defined as unintentionally coming to the ground or some lower level, excluding the consequence of sustaining a violent blow, loss of
consciousness, or sudden onset of paralysis, such as during a stroke or epileptic seizure [45].
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Table 2. Adherenceto Activel ifestyle strength—balance training plans.
Training plan Individual group Socia group Control group
Visited Planned % Visited Planned %  Visited Planned %

Balance training plan 547 812 67 549 754 73 451 986 46
Strength training plan 221 322 ® 217 299 73 291 391 74
Across training plans 768 1134 6 766 1053 73 742 1377 54
Figure 6. Graph of the number of remaining participantsin each group per week.
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Gait Speed

Table 3 shows participants’ preferred and fast gait speed during
the pretest and posttest evaluations. With respect to preferred
gait speed, the 3 groups were similar. We used 2 mixed 2-way
ANOVA's (1 for preferred and 1 for fast gait) with
within-subject factor pre—post (2 levels) and between-subject
factor group (3 levels). For preferred gait speed, there was a
significant difference between pretest and posttest (F; ,0=29.5,
P<.001, n%=0.50). Participants walked significantly faster in
the posttest (1.276 m/s) than they did in the pretest (1.142 m/s).
There was no significant main effect of group (P=.07) and no
significant interaction effect (P=.65), suggesting that preferred
gait speeds and their improvements were similar in al groups.

Theresultsfor fast gait speed were similar to those for preferred
gait speed. Again, there was alarge difference between pretest
and posttest: Participants walked significantly faster in the
posttest (1.72 m/s) than in the pretest (1.56 m/s; F; ,0=20.1,
P<.001, n?=0.41). The main effect of group was significant also
(F226=5.3, P=.01 n%=0.27). Post hoc tests revedled that the

individual group (1.89 m/s) was significantly faster than the
control group (1.45 m/s; t,3=3.94, P=.003, d=1.31), and faster

http://www.jmir.org/2013/8/e159/

RenderX

than the social group (1.58 m/s; t,;=2.05, P=.08, d=.89), though
not statistically significant. The individual group, by chance,
was the fastest from the beginning. Fast gait speed was not
significantly different between the control group and the social
group (P=.39).

M otivation I nstruments

Detailed information about the effectiveness of ActivelLifestyle's
motivation instruments and user-intention aspects are
summarized in Table 4. The questionnaires used to collect the
content of the table are available in Multimedia Appendixes 2
and 3.

Most participants affirmed that Activelifestyle facilitates the
autonomous performance of balance—strength exercises. This
was confirmed by a high intention to use the app again or to
recommend it to friends or family members. The individual
group was unanimousin the eval uation of these 2 user-intention
aspects, whereas the social group presented high values but not
with unanimity. In general, the participants of both groups did
not feel motivated to perform physical exercises before the
study.
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All the participants thought it was fun to perform the strength
and balance exercises. Few participants (<25%) felt frustrated,
worried, or nervous during the study. More than half of the
participants, 54% from the individua group and 67% from
socia group, will miss ActiveLifestyle.

Theindividual motivation strategies seemed to be more effective
on the individual group level than on the social group level.
Most of the individual group felt motivated by the goal-setting
and self-monitoring strategies (91%), both represented by the
progress bar metaphor (panel bin Figure 2), aswell asfor being
aware of the benefits of being physically active—aware (82%).
Conditioning through positive and negative reinforcement also
motivated the participants. In all, 64% felt motivated when they
saw the plant growing, whereas 55% felt motivated by the mood
status of the gnome.

The most effective motivating strategies for the social group
were conditioning through positive social inclusion and external
monitoring (all 83%). After that, the social group felt motivated
through the awareness of the benefits of physically activity
(82%), emotional support (75%), the monitoring of their
progress toward the plan (goal setting and self-monitoring)
(67%), participation in the collaboration game (58%), positive
and negative reinforcement (conditioning) (50%), and the
comparison of their performance with other training participants
on the bulletin board (42%).

Table 3. Participants' gait speed during the pretests and posttests.

Silveiraet d

Most participantsin the individual group (64%) expressed that
they would feel more motivated if they could use the socia
version of Activelifestyle, but the reverse was not true. Only
a few participants in the socia group expected to be less
motivated using the individual version of the app (8%).

Mann-Whitney U tests comparing the Likert scores for all
questions presented in Table 4 did not detect any significant
differences between the groups.

Change of Behavior

Table 5 shows the stage of behavior change of the participants
at the beginning (t;=0 weeks) and at the end (t;=12 weeks) of
the intervention.

Wilcoxon signed rank tests comparing pretest and posttest
behavioral scoresin each group revealed atrend—uwith alarge
effect size—inthe social group (W=1.79, P=.07, r=0.52). Hence,
the socia group tended to change their behavior toward
integration of ActiveLifestyle into their daily routine. No
behavioral changes were detected in the control group (P=.28)
or the individual group (P=.50). Although this suggests
between group differences with respect to behavioral change,
no such differences could be shown datigticaly; a
Kruskal—-WallisANOVA directly comparing change of behavior
between the 3 groups was nonsignificant (P=.75).

Condition Pretest Posttest
mean (SD) mean (SD)
Individual group
Preferred speed (m/s) 1.26 (0.18) 1.42 (0.21)
Fast speed (m/s) 1.80(0.27) 1.98 (0.31)
Social group
Preferred speed (m/s) 1.10 (0.25) 1.24(0.31)
Fast speed (m/s) 1.50 (0.35) 1.66 (0.50)
Control group
Preferred speed (m/s) 1.07 (0.19) 1.17 (0.22)
Fast speed (m/s) 1.39(0.22) 1.51(0.27)

http://www.jmir.org/2013/8/e159/

JMed Internet Res 2013 | vol. 15 | iss. 8 [e159 | p.113
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Silveiraet d

Table 4. Outcome data expressed by the participants on a 7-point Likert scale (range 1-7; 1=completely disagree to 7=completely agree) at the end of

the intervention period.

Evaluation statements Individual Social
(n=14) (n=13)
Median % Agreed Median % Agreed
(range) (range)
Statement
ActiveL ifestylefacilitates the performance of autonomous strength-balance exercises 7 (6-7) 100 7 (4-7) 92
at home
Useintention
| would use the app again 6 (5-7) 100 6 (4-7) 83
| would recommend the app 6 (6-7) 100 6 (3-7) 67
to my friends and family
Enjoyment
It was fun to carry out the strength and balance exercises 6 (6-7) 100 6 (5-7) 100
| felt frustrated during the study 2(1-5) 9 2(1-6) 8
| felt worried during the study 2 (1-6) 18 2(1-7) 25
| felt nervous during the study 1(1-6) 9 1(1-9) 0
| will missthe exercises and the ActiveL ifestyle app 5(2-7) 54 6 (3-7) 67
Motivation
| usually do not feel motivated to perform physical exercises, Activelifestyle helped 6 (1-7) 54 6 (2-7) 83
me
Individual motivation instruments
| felt motivated when | saw my performance on the progress bar (goal setting and self- 6 (4-7) 91 6 (1-7) 67
monitoring)
| felt motivated by being aware about the benefits of being physically active (awareness) 6 (3-7) 82 6(3-7) 82
| felt motivated when | saw the plant growing due to my performance (conditioning) 6 (4-7) 64 6 (1-7) 83
| felt motivated when | saw the emotional status of the gnome (conditioning) 5(2-7) 55 4(1-6) 50
| would feel more motivated using the social version of ActiveLifestyle, in which | 5(1-7) 64 — —
could interact with other training partners
Social motivation instruments
| felt motivated for being part of atraining group and knowing that other peopledid — — 6(2-7) 83
the same exercises
| felt motivated to perform the plan because | knew | was being monitored (external  — — 6(2-7) 83
monitoring)
| felt motivated for being emotionally supported by the other training partnersand by — — 6(2-7) 75
the Activel ifestyle experts (emotional support)
| felt motivated with the collaboration activity to reach the top of the mountain (col- — — 6(3-7) 58
|aboration)
| usually compared my flower with others on the bulletin board (comparison) — — 4(1-6) 42
| would feel more motivated using the individual version of ActivelLifestyle, which — — — 4(1-6) 8

does not require interaction with other training partners
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Table5. Stage of behavior change of the participants according to the Transtheoretical Model (TTM).

Stage of behavior change

to = 0 weeks

ty = 12 weeks

Individual group
Contemplation
Preparation

Action

[N S

Maintenance

Social group
Contemplation
Preparation
Action

g o N O

Maintenance
Control group

Contemplation

Preparation

Action

A O +— O

Maintenance

© O O w o b~ O

g O N W

Discussion

Principal Findings

The aim of this study wasto investigate (1) which | T-mediated
motivation strategies increase adherence to physical exercise
training plansin older people, (2) whether the ActivelL ifestyle
app induces physical activity behavior change, and (3) the
effectiveness of the ActivelLifestyle training to improve gait
speed. The main focuswasto eval uate the ability to retain older
people in the exercise program. Based on findings from a
systematic review [39], we could expect a 10% attrition rate
and 50% adherence rate for the individually targeted exercise
training. Although the control group showed 41% attrition
(primarily because of lack of exercise motivation), both
tabl et-based training groups showed far lower values, 21% and
8% for the individual and social ActivelLifestyle groups,
respectively. These last 2 numbers also contain the effect of
morbidities not related to the motivation to train (ie, unexpected
health problems). Especially in the control group participants,
the lack of motivation for continuous training was high. The
degree of engagement with theintervention was more than 68%
for the individual group and 73% for the social group, both
using the ActiveL ifestyle app, and 54% for the control group.
Compared with median rates for attrition (10%) and adherence
(50%) in fall prevention interventions in community settings,
we achieved better or similar rates for the tablet-based training
groups. From previous research [46], we know that the intention
to undertake strength-balancetraining in older peopleisclosely
related to all elements of coping appraisal. Elements of coping
appraisal include the belief that strength-balance training has
multiple benefits, a positive social identity, and the feeling that
family, friends, and doctors would approve of taking part in
such training [46]. It can be hypothesized that Activel ifestyle
is effective in influencing attrition and adherence because it
explicitly supportsindividual and social motivation instruments.

http://www.jmir.org/2013/8/e159/

The reason to use a tablet solution is related to the numerous
potential advantages attributed to such a tool (eg, tablets are
relatively robust, and using fingersinstead of amouse or atouch
pad make them much more intuitive and easy to use compared
with smartphones, notebooks, and desktops). A tablet-based
intervention, such as ActivelLifestyle, constitutes a powerful
tool to provide feedback about performance and motivation to
endure practice because of socia inclusion. Interventions that
use frequent, nonfrequent, or direct remote feedback are to be
favored versustreatments without feedback, because the former
seem to be more effective than the latter and they are equally
effective as supervised exercise interventions [47]. The second
most-mentioned barrier to physical exercise for subjectively
insufficiently active older adults is lack of company. Direct
remote contact seems to be a good aternative to supervised
on-site exercising [47]. Such feedback can easily be adapted to
the individual participant’s baseline motor performance and
progressively augmented with task difficulty. ActivelLifestyle
has been demonstrated to have the potential to engage people
who otherwise would lack interest to participate in a physical
exercise regimen. Especialy in the older population, it is
difficult to maintain high adherence to training programs [48].
The participants of the present study alocated to the tablet
groups showed good compliance rates. The losses related to
low exercise compliance (n=6) in the control training group
were caused by a lack of motivation. The reasons for
discontinuation of training in the tablet groups were not because
of rejection of the app; they were because of health problems.
Inafuturephaselll trial, thefollow-up period for the assessment
of adherence and attrition should preferably be extended to 12
months to enable the comparability of this future study with
reference values of previous physica interventions [39].
Although the result of a 12-week intervention, our findings are
encouraging and indicate the effectiveness of a tablet-based
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training approach in older people. This encourages further
exploration of this training approach in seniors.

Anayzing the participants answers to the motivation
instruments of ActiveLifestyle, most of the individual
participants (64%) would feel more motivated using the social
version of the app, whereas the opposite is not true (8%) (both
tablet groups were aware of the different versions of
Activelifestyle). Regarding the physical activity habits, the
training group using the social version of Activelifestyle was
the only group showing a tendency to change behavior. At the
end of the intervention, 50% of the social group participants
changed their behavior according to the TTM. At the beginning,
these participants were at the contemplation or preparation
stages (thinking about or already being somewhat physically
active), and they were classified as being on the maintenance
stage (making physical activity a habit) by the end. However,
a further longitudinal study with a larger sample, including
evaluation after the end of the intervention, is required to be
able to ascertain change of physical behavior.

Gait speed isaclinically relevant indicator of functiona status
associated with important geriatric health outcomes (ie, impact
health care activities have on people) [49]. Slowing down has
been recognized as an indicator of failing health and vulnerable
old age [50]. Some researchers hypothesize that gait speed may
act asavital sign, giving indications of the health status of older
people. Mortality, for example, is substantially reduced when
gait speed is improved through interventions [51]. Large
epidemiological studies reveal that a 0.1 m/s faster walking
speed is related to a 12% decrease in mortality [13]. In this
respect, it is encouraging that all older people in our training
groupsthat adhered to their training plan, independently of their
group allocation, showed an increase in both preferred and fast
walking speed.

In addition to the high level of adherence caused by the social
motivation instruments, the training community created by the
study served to improve the connectedness of the participants,
which may help people to garner social support for making
physical changesin their daily lives [52]. Two women who did
not know one another started to perform the exercises together
to check if they were following the correct posture. Some
participants contacted other training partners using the app or
viaemail or phone when they faced problems. The same support
was also requested from our team of experts, who frequently
(especially at the beginning of the study) received phone calls
because of technical problems or doubts about the exercises.

Aslearned in our previous study [20], some of the participants
felt proud of being ableto use new technology. One of our ol dest
participants (83 years) installed Skypeto call hisdaughter living
in Central America. He confessed that his daughter was very
surprised. In the beginning, 1 woman was afraid of not being
able to correctly operate the tablet because she had never used
a computer before. After the study, she bought a tablet on her
own to play with her grandchildren and installed Wi-Fi at home
to be more connected with them. Another woman expressed a
similar concern at the beginning of the training, but finished

http://www.jmir.org/2013/8/e159/
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the study with anew tablet and a Gmail account: “1’ m proud to
bein possession of theiPad and to be ableto writeto my friends.
The whole matter was a change for me.”

Limitations

The study has some limitations. One of them istherather small
sample size. The study reveals first estimates for gait speed
measures and stages of behavior change and warrants further
research in larger populations. However, the purpose of
preclinical exploratory trialsisto provide preliminary evidence
on the clinical efficacy of an intervention [16,36]. When
evaluating the validity of a study, it is important to consider
both theclinical and statistical significance of thefindings[53].
Studies that claim clinical relevance may lack sufficient
statistical significance to make meaningful statements or,
conversely, may lack practicality despite showing astatistically
significant difference in treatment options. Researchers and
clinicians should not focus on small P values alone to decide
whether atreatment is clinically useful; it is necessary to also
consider the magnitude(s) of treatment differencesand the power
of the study [53]. Encouraging in this context isthe observation
that most of the between-groups comparisons for adherence
show medium or medium-to-high magnitude(s) of treatment
differences in favor of the tablet groups. The relationship
between tablet-based physical training research and its effect
on adherence and fitness in older individuals requires further
exploration. Another limitation of this study is related to the
research design used. The different recruitment methods and
the lack of initial randomization and blinding may have
introduced a selection hias that questions the validity of the
adherence/motivation findings. Analogous studies with similar
or frailer populations and the use of atrue randomized controlled
research design should be performed to substantiate or refute
our findings.

The participants of thisstudy can be classified asnormal walkers
with a preferred gait speed between 1.0 and 1.4 m/s. Future
studieswith community dwelling populationsthat exhibit mildly
abnormal (0.6-1.0 m/s) or seriously abnormal gait speed (<0.6
m/s) [50] should be performed to investigate whether similar
or even better resultsin physical performance variables can be
obtained.

Conclusion

The finding of this study supports the notion that it is
advantageous to combine physical training with specifically
targeted IT motivation instruments that offer the possibility to
socializeinagroupin clinical practice. The combination seems
to have a positive influence on older adults’ training adherence
in comparison to more traditional exercise. ActivelLifestyle
proved to assist and motivate independently living and healthy
older adults to autonomously perform strength—balance
exercises. The social motivation strategies seemed to be more
effectiveto stimulate the participantsto comply with thetraining
plan and remain on the intervention. The adoption of assistive
technology devices for physical intervention tends to motivate
and retain older people exercising for longer periods of time.
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Abstract

Background: With the use of highly mobile tools like tablet PCs in clinical settings, an effective disinfection method is a
necessity. Since manufacturers do not allow cleaning methods that make use of anything but a dry fleece, other approaches have
to be established to ensure patient safety and to minimize risks posed by microbiological contamination.

Objective: Theahility of isopropanol wipesto decontaminate i Pads was evaluated prospectively in aobserver blinded, comparative
analysis of devices used inaclinical and anonclinical setting.

Methods: 10 new iPads were randomly deployed to members of the nursing staff of 10 clinical wards, to be used in aclinical
setting over a period of 4 weeks. A pre-installed interactive disinfection application (deBac-app, PLRI MedAppLab, Germany)
was used on a daily basis. Thereafter, the number and species of remaining microorganisms on the surface of the devices (13
locations; front and back) was evaluated using contact agar plates. Following this, the 10 iPads were disinfected and randomly
deployed to medical informatics professionals who also used the devices for 4 weeks but were forbidden to use disinfecting
agents. The quality of asingle, standardized disinfection process was then determined by a final surface disinfection process of
all devices in the infection control laboratory. No personal data were logged with the devices. The evaluation was performed
observer blinded with respect to the clinical setting they were deployed in and personnel that used the devices.

Results: We discovered a 2.7-fold (Mann-Whitney U test, z=-3.402, P=.000670) lower bacteria load on the devices used in
theclinical environment that underwent a standardized daily disinfection routine with isopropanol wipesfollowing theinstructions
provided by “deBac-app”. Under controlled conditions, an average reduction of the mainly Gram-positive norma skin
microbiological load of 99.4% (Mann-Whitney U test, z=-3.1798, P=.001474) for the nonclinical group and 98.1% (Mann-Whitney
U test, z=3.1808, P=.001469) for the clinical group was achieved using one complete disinfecting cycle.

Conclusions: Normal use of tablet PCs leads to aremarkable amount of microbial surface contamination. Standardized surface
disinfection with isopropanol wipes as guided by the application significantly reduces this microbial load. When performed
regularly, the disinfection process hel ps with maintaining alow germ count during use. This should reduce the risk of subsequent
nosocomial pathogen transmission. Unfortunately, applying a disinfection procedure such as the one we propose may lead to
losing the manufacturer’s warranty for the devices; this remains an unsolved issue.

(J Med I nternet Res 2013;15(8):€176) doi:10.2196/jmir.2643
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Introduction

Infections are called nosocomially acquired if they occur during
ahospital stay. They have an enormous clinical and economical
impact for health care systems [1]. In addition, multidrug
resistant pathogens represent an increasing problem in hospitals
thesedays[2]. Besidesthe hands of health care workers (HCW),
contaminated medical devices and surfaces play an important
rolein thetransmission of bacterial pathogens. This necessitates
considerable effort for environmental infection control in order
to prevent the spread of all kinds of microorganisms between
patients [3].

Mobile devices such as mobile phones or persona digital
assistants (PDAS) represent a rather novel “surface” in the
hospital setting that may also play an important role in the
transmission of nosocomial pathogens. Nowadays, such devices
are frequently used by physicians and other medical staff for
both clinical practice and educational purposes [4,5]. The
number and availability of medical applications (apps) on
smartphones is constantly rising and includes drug guides,
medical calculators, coding and billing apps, textbooks and
other reference materials, classification and treatment
algorithms, as well as information regarding general medical
knowledge [6]. However, contamination of a device's surface
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occurs every time it is being touched by a user [7], and there
are severa reports showing that these devices may then serve
as vectors for transmission of pathogens to patients [8,9]. In a
review of datafrom studies published between 2002 and 2008,
Brady et al [10] showed that 9-25% of mobile communication
devices were contaminated with pathogenic bacteria. More
recent prevalence studies report contamination rates as high as
44-95% [7,11-15]. Like mobile phones, tablet PCs (for example
the iPad) are also frequently touched during patient care and
bacteria may reside on their surfaces (Figure 1).

Before our study began, tests conducted with microbiological
swabs showed that brand new iPad devices are not significantly
contaminated with bacteria or fungi. However, the extent of
contamination of tablets that have already been used remains
yet unknown. Considering that bacteria may survive for days
and weeks on inanimate surfaces [16], there is a need to
determine the extent of contamination and to implement proper
routine decontamination measures.

The present study was set up to determine (1) the
microbiological flora (qualitative and quantitative) on tablet
PCs as a result of use under the usual conditions that can be
found in clinical as well asin nonclinical settings and (2) the
quality of a standardized disinfection process as guided by an
app specifically programmed for this purpose.

Figure 1. Aluminium backside of atablet PC with fingerprints and other residue visible under fluorescent light and corresponding scanning electron

microscopy pictures of cocci on the device in 2 magnifications (Bars: B1=5um and B2=10um).
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Methods

Clinical Setting

A set of 10 Apple iPads was randomly distributed to be used
by nursing steff after obtaining informed consent. Variouswards
of Hannover Medical School, atertiary care German university
hospital, were included. They covered nonsurgical as well as
surgical specidties. For the clinical setting, the disinfection
study was an add-on to alarger trial dealing with various aspects
[17] of using iPads on the wards of the Hannover Medical
School. Altogether, approximately 160 staff members on the
wards had the opportunity to use the devices. It was not possible
to determine how many different individuals had used theiPads.
Asmentioned in [17], thereturn rate for questionnaires dealing
with the overall project was approximately 26% (42/160); this
can be assumed as the minimum of actual individual users.
Regarding age and gender, the demographics of the participants
who had returned the questionnaire paralleled the valuesfor the
nursing staff at the Hannover Medical School, where, at theend
of 2012, 83% out of the total 2596 employees of the nursing
staff were female (data obtained from the human resources
department). For our study, 85% (36/42) were female and the
age distribution of 69% (29/42) for those below 45 years of age
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and 31% (13/42) for those 45 years of age or older was aso
comparable. It was not possible to determine how they had used
the devicesand whether al or only some of them had disinfected
the devices aided by deBac-app.

There were no additional accessories such as protective cases,
polyurethane foils, rubber or silicone covers, since these may
add additional, hard-to-disinfect niches for contaminating
pathogens. Instead, we recommended disinfection of the plain
surface of every device on adaily basis: once at the beginning
of the working shift as well as anytime when an obvious
contamination had occurred. Standardization of the disinfection
process was achieved by using the “deBac-app” (from the
MedAppL ab, Hannover, Germany), which was preinstalled on
all iPads. This app was designed by our research group and is
an interactive cleaning and disinfection guide that is available
free from Apple’'s App Store [18]. It provides users with
simple-to-follow instructions on how to properly disinfect the
entire device (Multimedia Appendix 1). Every disinfection
processwaslogged locally on the respective device. No personal
datawere stored or transmitted to the observers. The study time
period of this clinical setting study arm was set to 4 weeks
between August 28 and September 19, 2011, in order to achieve
a steady state in terms of usage and reprocessing. A flowchart
of the study’stimeline is shown in Figure 2.

Figure 2. Flowchart on the timeline of the 2 settings of iPad usage (clinical and nonclinical) and contact points used for microbiological sampling of
an iPad (surface material was glass on the front side [points 1-6], aluminium [points 7-12], and plastic [point 13] on the backside).
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clinlcal setting E, non-clinlcal setting
: 5 .
a g a
¥ = Y
dally disinfection: § dally disinfection:
yos 2 no
testing for germs testing for germs b @ '
' L_ J I
g 8 IPads:
9 IPads: = app controlled disinfection
app controlled disinfectlon 5 1 IPad® (alte control):
5 rnate :
1 iPad® {negative controf): g cleaning only
Mo reprocessing 1 IPad® (negative control):
no réprocessing
once again: once again: -
testing for germs testing for gorms
- /

http://www.jmir.org/2013/8/e176/

JMed Internet Res 2013 | vol. 15 | iss. 8 [e176 | p.123
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Nonclinical Setting

10 iPads were also used for a 4-week time period, between
September 23 and October 21, 2011, by 10 members of the
medical information technology staff (30% or 3/10 female, aged
23-63 years, mean 41.7, SD 10.6) in the nonclinical study arm.
The devices were randomly distributed to the staff after
obtaining informed consent for participation in the study. As
these staff members generally do not have contact to patients,
no regular disinfection of thetablet PCswas performed (Figure
2). All 10 participants of the nonclinical part of the study
belonged to the PL. Reichertz Institute for Medical Informatics
at the Hannover Medical School and had volunteered to
participate. For the nonclinical setting, there were no dropouts
during the course of the study and al participants stated that
they had frequently used their devices during the 4-week period.

Microbiological Testing

After 4 weeks of usage, all devices were examined for growth
of microorganisms on their surfaces as soon as they arrived at
the microbiological laboratory. Culture media with a contact

area of 25 cm? (CASO contact agar plates, Heipha diagnostica
Dr. Miller GmbH) were used. These culture media support
growth of most aerobic bacteria, molds, and yeasts. Sinceit is
known that the adherence and survival of microorganisms may
vary depending upon the type of surfaces material [15], we
decided to perform the microbiol ogical sampling for 13 different
contact points of each iPad (Figure 2, right), including locations
on the front and the back side of the device. These contact points
covered all types of material to be found on the surface of the
devices (glass, plastic, and aluminium). The contact plateswere
incubated at 37°C for 18 hours under aerobic conditions. Colony
forming units (CFU) were then counted, and species
differentiation was carried out in the microbiology laboratory
of our facility according to the national guidelines of the German
Ingtitute for Standardization DIN EN I SO 15189 as certified by
the German Accreditation Council (DAR). The evaluation was
conducted in such away that the |aboratory was unaware of the
setting to which the iPads had been deployed.

Electron Microscopy

For photo documentation of bacterial contamination on the
tablet PC's surfaces, scanning electron microscopy (SEM) was
applied (Figure 1). Specimens were fixed in 0.1M
Na-Cacodylate-HCI  buffer (pH 7.3) containing 3%
glutaraldehyde for at least 4 hours at 4°C. After washing in the
buffer of the fixative, the cells were postfixed in 2% OsO4
buffered in Na-Cacodylate 0.1 M for 90 minutes at room
temperature, dehydrated in ascending concentrations of acetone,
and subsequently dried inaBalzers CPD 030 critical point dryer
(Bal-Tec-AG). After mounting on aluminium stubs with
conductive carbon cement (Plano) and sputter coating with gold
inaPolaron E 5400 sputter coater, the sampleswereinvestigated
in a Philips SEM 505 scanning electron microscope at an
acceleration voltage of 10kV. Images were recorded using the
SEM software version 2.0 [19].

Final Reprocessing

After primary microbiological testing, the devices underwent
final reprocessing performed by laboratory staff (Figure 2). For
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the clinical setting, with one exception, all devices were
disinfected using isopropanol wipes (mikrozid-AF, Schiilke &
Mayr GmbH) using the 6-step disinfection process guided by
deBac-app as it was described above (Multimedia Appendix
1). The remaining 10th iPad did not get reprocessed and, thus,
served as a negative control for the disinfection process. For
the 10 iPads that had been used in the nonclinical setting, we
chose adlightly different approach: 8 of them were disinfected
as described, while 1 remained without treatment and 1 was
simply cleaned (but not disinfected) by using a new “soft,
lint-free cloth”, without any liquid cleaning agents, as
recommended in the instructions of the manufacturer of the
iPad [20]. A final microbiological testing as described above
was performed following the different, aforementioned types
of reprocessing performed in the laboratory (Figure 2).

Nasal Swabs

People may be physiologically colonized by Saphylococcus
aureusin the anterior nose, and some of these strains even show
multidrug  resistance, so-called  methicillin-resistant
Saphylococcus aureus (MRSA) [21]. For a comparison of the
Saphylococcus aureus colonization status of the 10 medical
informatics professionals and the surface of their devices, nasal
swabs (Transystem, Lot 9275, Hain Lifescience) were taken
from the users after informed consent was obtained. Swabswere
cultured on Columbia 5% sheep blood agar (Becton, Dickinson)
overnight at 37°C. Species identification and susceptibility
testing were then performed according to laboratory standard
operation protocols.

Statistical Analysis

We expected a very strong effect of the applied method on
reduction of the CFU according to the literature [22]. Therefore,
a smaller sample size was expected to be sufficient to
demonstrate the efficacy of the disinfection. Calculated for a
paired nonparametric test [23], a sample size of 6 iPads per
group was considered sufficient to show a significant effect of
areduction of 98% with beta=.20. The sample size calculation
was performed with nQuery Advisor V.7, Statistical Solutions.
Since a normal distribution of bacteria on the devices and
sampled locations could not be confirmed by descriptive
statistics, the Wilcoxon signed-rank test and the Mann-Whitney
U test were applied (IBM SPSS Statistics Version 20). All tests
were performed two-sided, with alpha=.05. Microsoft Excel
2007 was used for qualitative descriptive and quantitative data
analysis. Intraclass correlation could not be confirmed following
Shrout and Fleiss two-way random single measures
(consistency) approach computed with SPSS [24].

Results

Qualitative and Quantitative Analysis of
Microbiological Flora

A tota of 6811 colonies representing microbia growth were
detected during the initial testing of the iPads after use: 1842
CFU on tablet PCs from the hospital wards where the devices
had been disinfected regularly, compared to 4,969 CFU
recovered from tablet PCs from the nonclinical setting where
daily disinfections had not been carried out (Mann-Whitney U
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test, z=-3.402, P=.000670). The distribution of pathogens on
the various parts of the tablet PCs is shown in Table 1. Note
that most pathogens found in both study arms (clinical and
nonclinical) were gram-positive bacteria. A more detailed
analysis of the species is shown in Table 2. The mgjority of
microorganismswere members of the physiol ogical microbiota
of the human skin. The distribution did not differ significantly
between both study arms. The main bacterial generagrown from
iPads from the clinical setting were staphylococci (n=1104,
59.9%) and micrococci (n=469; 25.7%). The same types of
bacteriawere mainly found on iPads from the nonclinical setting
(staphylococci: n=3678; 74.2% and micrococci: n=1051,;
21.2%). However, the cultured microorganisms also included
several pathogens. The most frequently identified pathogen was
Saphylococcus aureus (non-MRSA only), which was found in
nasal swabs from 2 medical informatics professionals as well
as on their tablet PCs, but this species was also detected on
tablet PCsfrom 2 other staff memberswho were not colonized
themselves (Wilcoxon signed-rank test, z=-1.414, P=.157).

Determination of the Quality of the Guided
Standar dized Disinfection Process

The percentage of reduction of pathogens on iPads that
underwent the standardized disinfection protocol is shown in
Table 3 and Figures 3 and 4. A significant overall reduction on
microbes was achieved for both the clinical setting (98.1%;
Wilcoxon signed-rank test, z=-3.1808, P=.001469) and the
nonclinical setting (99.4%; Mann-Whitney U test, z=-3.1798;
P=.001474). Note that bacilli are capable of forming spores. If
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doing so, those spores then show an extraordinarily high
resistance towards disinfection processes (as they cannot at all
beinactivated by al cohol-based disinfection) and other extreme
environmental effects [25]. Still, a reduction of Bacillus spp.
of 88% was achieved in our study in both settings. Thereduction
rates of all other bacterial and fungal species were as high as
99%.

Re-Sampling of the Two Untreated (Control) iPads

As mentioned above and shown in Figure 2, two tablet PCs
were sampled once again without any additional reprocessing
step in order to check for a potential germ-reducing effect due
to the first sampling process itself. Re-sampling revealed
reduction rates of 11.4% (228 of 246 CFU) on the nondisinfected
iPad from the clinical setting and 22.4% (595 of 767 CFU) on
the nondisinfected iPad from nonclinical setting only.

Deter mination of the Quality of Cleaning With a Soft,
Lint-Free Cloth Without Liquid Cleaning Agents

As already noted (see Figure 2), one tablet PC from the
nonclinical study was cleaned only with a brand-new fleece
according to the instructions of the manufacturer. The initial
CFU count of this device at arrival in the laboratory was 891
CFU; 427 CFU remained after cleaning with afleece (reduction
rate: 51.1%). Removal of bacteriawasrather higher for the glass
surface of the front (231 of 234 CFU; 98.7% reduction), but
almost no reduction (5 of 77 CFU; reduction rate: 6.5%) was
achieved on the plastic part of the device. Cleaning the
aluminium resulted in a CFU reduction from 580 to 352
corresponding to 38.3%.

Table 1. Recovery of pathogens found on the devices' surfaceson initial arrival at the laboratory (shown as cumulative number of CFU from 10 tablet
PCs each). Comparison of the total number of microorganisms. Mann-Whitney U test, z=-3.402; P=.000670.

Clinical setting Nonclinical setting
Total MedianCFU  IQR Total MedianCFU  IQR
CFU CFU
Total 1842 162 125.75 4969 440 273.75
Gram positive bacteria 1825 160.5 122.75 4916 4375 283
Front (glass) 772 58.5 62.25 1,672 167 104.25
Back (plastic) 214 225 27 481 46 355
Back (aluminium) 839 63 68 2763 300.5 183.25
Gram negative bacteria 9 1 0.75 52 2 45
Front (glass) 6 1 1 17 05 3.75
Back (plastic) 0 0 0 5 0 1
Back (aluminium) 3 0 0.75 30 0 1
Other 8 0 15 1 0 0
Front (glass) 6 0 15 1 0 0
Back (plastic) 1 0 0 0 0 0
Back (aluminium) 1 0 0 0 0 0
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Table 2. Distribution of species of microorganisms from the surface of theiPads on initial arrival of the devices at the laboratory (shown as cumulative
number of colony forming units from 20 tablet PCs, n=6811).

CFU % Gram stain
Physiological human skin flora
Saphylococcus epidermidis 1783 26.2 positive
Micrococcus luteus 1509 22.2 positive
Saphylococcus hominis 1256 184 positive
Saphylococcus capitis 977 14.3 positive
Saphylococcus warneri 194 29 positive
Other coagul ase-negative staphylococci 363 5.3 positive
Bacillus spp. 309 45 positive
Corynebacterium spp. 117 17 positive
Other species 20 0.3 positive
Pathogenic microorganisms
Saphylococcus aureus (non-MRSA?) 218 32 positive
Pseudomonas spp. 36 0.5 negative
Aspergillus spp. / molds 9 0.1 N/A
Acinetobacter spp. 8 0.1 negative
Other species 12 0.2 negative

A RSA: methicillin resistant Staphyl ococcus aureus.

Figure 3. Histogram of CFU-count per localization samples taken from 6 corresponding devices in a clinical and nonclinical setting, stratified for
position number, side, and material.
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Figure 4. Reduction of CFU in percent per position, side, and material after disinfection.
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Table 3. Reduction of bacteria on the surface of 6 iPads after standard disinfection procedure stratified by the type of previous usage (clinical vs
nonclinical), the sample location (front vs back), the type of material (glass vs aluminium vs plastic), and type of Gram stain (positive vs negative).

On laboratory arrival After standardized disinfection
Total CFU MedianCFU  IQR Total CFU Median CFU  IQR  CFU reduction,
%
Total (clinical setting) 753 121 65.75 14 2 15 981
Gram positive bacteria 749 121 65 14 2 15 972
Front (glass) 280 395 42.75 5 1 0.75 96.9
Back (plastic) 131 18 275 1 0 0 985
Back (aluminium) 338 51 37.25 8 0.5 175 965
Gram negative bacteria 4 0.5 1 0 0 0 100.0
Front (glass) 2 0 0.75 0 0 0 100.0
Back (plastic) 0 0 0 0 0 0 100.0
Back (aluminium) 2 0 0.75 0 0 0 100.0
Total (nonclinical setting) 2751 440 81 15 1 425 994
Gram positive bacteria 2739 4375 78.25 15 1 525 995
Front (glass) 816 1485 1075 10 1 275 97.9
Back (plastic) 315 56.5 32 0 0 0 100.0
Back (aluminium) 1608 300.5 90 5 0 0 99.7
Gram negative bacteria 12 15 3.25 0 0 0 100.0
Front (glass) 8 0.5 25 0 0 0 100.0
Back (plastic) 1 0 0 0 0 0 100.0
Back (aluminium) 3 0 0.75 0 0 0 100.0

Discussion

Principal Findings

Without any doubt, mobile devices provide numerous
advantages in a hospital setting, but despite these benefits, the
potential risk of pathogen transmission must be taken into
account [10]. There are severa conclusions that can be drawn
from the set-up and from the findings of our study.
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As has been shown for other mobile devices[8,9], an extensive
surface contamination also takes place when iPads are being
used. Every fingerprint on the surface (Figure 1) will leave
residue on the glass, aluminum, and plastic parts of the device
(Figure 1) and may contain a large number of bacteria. An
increased awareness of thisfact is required when those devices
are used during patient care. Brady et al [26] questioned 90
HCW (surgeons, anesthesiologists, and medical students)
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regarding this issue. At least 53% of them carried one mobile
device (16% carried even more than one) including PDAS,
mobile phones, and pagers. When asked about their cleaning
habits, the HCW admitted that 80% of the PDAS, 85% of the
mobile phones, and 96% of the pagers had never been cleaned
by the owner.

Most of the pathogens are members of the resident or transient
flora of its user (skin and/or anterior nose). Whatever
microorganisms are present on the hands will be found on the
mobile phone [27,28] or thetablet PC later on. This stressesthe
need for proper hand hygiene of HCW asit has been addressed
by the World Health Organization in the international “clean
hands campaigns’ recently [29]. Patients, too, should be
educated about the role of their own mobile devices brought to
the hospital because these devices will also become
contaminated [30]. Especially patients who harbor multidrug
resistant bacteria should be discouraged to share their mobile
phone with others.

Asshown by the repeated sampling by contact plates described
above, microorganisms may easily spread from the surface of
the tablet PC when touched again. A transmission of pathogens
that have caused nosocomial outbreaks has been shown for
mobile phones [8,12]. One would assume that a much larger
device such as a tablet PC is even more likely to serve as a
vehicle of infectious agents. HCW should therefore be
encouraged to perform al cohol-based hand rubs after using their
mobile device [31].

Cleaning with a fleece as recommended by the manufacturer
of the tablet PC showed a reduction of about 50% of
microorganisms. However, a sufficient reduction of the
microbiological load will be achieved only when proper
disinfection is performed. A cleaning phase for visible
contamination and a disinfection phase as a fina
decontamination step are considered most effective according
to infection control as recommended in the guideline for
environmental cleaning in health carefacilitiesfrom the Centers
for Disease Control and Prevention and the Healthcare Infection
Control Practices Advisory Committee [3].

As has been shown for the disinfection of mobile phones[32],
adisinfection procedure for iPads that makes use of isopropanol
wipes is very effective in reducing and inactivating residual
bacteria. However, one hasto keep in mind that this procedure
may cause a loss of the warranty for this product. It is
noteworthy that Apple's recommendations for the cleaning
process of the iPad, available on the company’s website, have
significantly changed in the past. The version from December
15, 2010, stated that “it is also safe to use isopropyl acohol
70% or a similar product” for this purpose. However, in the
meantime, this statement hasbeen withdrawn. Instead, it isnow
specified that “liquid damage is not covered under the Apple
product warranty or AppleCare Protection Plans’ and
specifically to “Avoid getting moisture in openings. Don’t use
window cleaners, household cleaners, aerosol sprays, solvents,
alcohol, ammonia, or abrasivesto clean the iPad” [20].

Regular disinfection serves to maintain a significantly lower
load of pathogens. Our study results imply that disinfection
followed by the deBac-app has the ability to reduce
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microbiological florain a quality manner. We would like to
recommend using a standardized scheme for the disinfection
process as described and controlled by the deBac application.
Reprocessing of tablet PCs should be performed at least once
a day, preferably at the beginning of the working shift.
Additional courses of disinfection should also be carried out
any timethat visible contamination has occurred. Furthermore,
we recommend disinfecting the device after using it in apatient
room under isolation precautions (eg, if the patient harbors some
type of multidrug resistant organism). The guided disinfection
procedure ensures that al parts of the surface get thoroughly
treated. Furthermore, all steps of reprocessing are documented
and may be filed in infection control records.

Limitations

Regarding the study design, we were willing to accept the
following limitations: in accordance with our in-house
regulations, machinery used in aclinical environment hasto be
disinfected. Therefore, it was impossible to learn about the
baseline colonization by installing acontrol group on thewards
and allowing this control group to use the devices without any
disinfection. A randomized controlled trial or acontrolled design
with carefully matched comparison groups using standard
practices as compared to the deBac condition would allow
verification of the assumption that, when using mobile devices
such asiPadsin aclinical environment, performing an app-based
disinfection process is more effective in reducing
microbiological florathan simply using regular hand hygiene.
Thiswill have to be addressed in forthcoming studies.

The nursing staff was not provided with additional, paper-bound
cleaning instructions since we wanted users to refer to the
information available on the devices. We also refrained from
collecting any personal datafrom the devicessince our in-house
data protection policy had to befollowed. Only theinformation
available from the anonymous cleaning protocol s acquired from
within the app was used for the evauation and process
documentation. The entries found in thelog files demonstrated
daily usage, but it is unknown to the observers how often and
inwhich way the machines were used when the deBac-app was
not running. This, of course, may bias the amount of CFU that
were found on the surfaces.

As for the senstivity and specificity of the various
microbiological tests conducted, all laboratory methods that
were used during the course of the study, including all
microbiological testsfor identification of pathogens, have been
certified according to national guidelines. However, the
sensitivity and specificity of taking the samples remains unclear
as there is no so-called “gold standard” to compare with. It is
known from optimized protocols that recovery may come up
with a sensitivity of 98% and a specificity for a particular
pathogen of interest of 95% [33]. However, standard
environmental sampling still remains an unsolved problem these
days [34,35]. Unfortunately, it is impossible compare the
Saphylococcus aureus strains cultured from the nasal swabs
of the users with those found on the devices themselves since
the isolates had been discarded in the meantime. However, to
us, it seems highly probable that we found corresponding strains
here, as Saphylococcus aureus does not represent a typical
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“environmental” bacterium. Furthermore, it iswell known that
people tend to frequently touch their noses.

Conclusions

Cleaning the devices with disinfecting wipes can be considered
efficient and effective. Nevertheless, one must be aware of the
potential danger of damaging the devices: there will definitely
be a breach in warranty if liquid seeps into the device in any
way and causes damage. On the other hand, although tablet PCs
were originally developed for the consumer market, once they
are used in the medical field, standardized methods for their
disinfection must be implemented and closely followed. Also,
manufacturers should become aware of the needs of the medical
community regarding such devices. Thus, they might avoid
building devices that—while being alluring for the medical
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sector—do not respect the demands for hygiene required for
medicinal products. However, the most efficient personal action
one can take to avoid transmission of bacteria, viruses, and other
pathogens remains the proper disinfection of the hands before
and after every patient interaction—this is a fact independent
of thekind of device or any operating system or stated purpose.

Future studies should also take the specific profession of the
staff as well as their level in the hierarchy into account. Their
attitude towards using the deBac-app—based procedure compared
to regular hand hygiene using alcohol-based disinfection
solutions should also be evaluated. Also, the expenditure of
timefor implementing the procedure and other cost implicating
variableswill need to be addressed asthe gathered resultswould
be important factors for decision makers.
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Standardized disinfection process of an iPad as guided by the corresponding application (“deBac-app”), the app documents the

cleaning attempts of the device's frame, front and back side.
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