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Abstract

Background: Internet support groups (ISGs) enable individuals with specific health problems to readily communicate online.
Peer support has been postulated to improve mental health, including depression, through the provision of socia support. Given
the growing role of I SGsfor both userswith depression and those with aphysical disorder, thereisaneed to evaluate the evidence
concerning the efficacy of 1SGsin reducing depressive symptoms.

Objective:  The objective was to systematically review the available evidence concerning the effect of 1SGs on depressive
symptoms.

Method: Three databases (PubMed, PsycINFO, Cochrane) were searched using over 150 search terms extracted from relevant
papers, abstracts, and athesaurus. Paperswereincluded if they (1) employed an online peer-to-peer support group, (2) incorporated
a depression outcome, and (3) reported quantitative data. Studies included both stand-alone | SGs and those used in the context
of acomplex multi-component intervention. All trials were coded for quality.

Results: Thirty-one papers (involving 28 trials) satisfied the inclusion criteriafrom an initial pool of 12,692 abstracts. Sixteen
trials used either a single-component intervention, a design in which non-1SG components were controlled, or a cross-sectional
analysis, of which 10 (62.5%) reported a positive effect of the | SG on depressive symptoms. However, only two (20%) of these
studies employed a control group. Only two studies investigated the efficacy of a depression 1SG and neither employed a control
group. Studieswith lower design quality tended to be associated with more positive outcomes (P = .07). Overall, studies of breast
cancer |SGs were more likely to report areduction in depressive symptoms than studies of other 1SG types (Fisher P = .02), but
it is possible that this finding was due to confounding design factors rather than the nature of the ISG.

Conclusions: Thereisapaucity of high-quality evidence concerning the efficacy or effectiveness of 1SGs for depression. There
is an urgent need to conduct high-quality randomized controlled trials of the efficacy of depression 1SGs to inform the practice
of consumers, practitioners, policy makers, and other relevant users and providers of online support groups.

(J Med Internet Res 2009;11(3):e40) doi:10.2196/jmir.1270

KEYWORDS
Depression; consumer participation; Internet; self-help groups
peer-to-peer discussion groups daily [1], and there is evidence

that over 28% of Internet users have visited an online support
group at least once [2].

Introduction

Internet support groups (1SGs) provideindividual swith specific

health problems an opportunity to share experiences and to seek,
receive, and provide information, advice, and emotional support
online. It has been estimated that millions of peoplevisit online

http://www.jmir.org/2009/3/e40/

Internet users seeking health information frequently access
information about depression [3], and online depression groups
have been reported to be among the most common 1SGs on the
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Internet [4]. It is also known that there is a high level of
depression among individualswith aphysical illness[5]. Thus,
many users seeking to join health 1SGs may have elevated
depressive symptoms or may be at risk of devel oping depression.

Peer support has been postulated to improve mental health,
including depression, through the provision of social support,
which alters cognitions, attitudes, self-attributions, and coping,
which, inturn, leadsto areduction in depressive symptoms[6].
Given the growing role of ISGs for both consumers with
depression and other health conditions, there is a need to
evaluate the evidence concerning the effect of these groups on
depressive symptoms. One research group has conducted a
high-quality, systematic review of studieson the effect of health
I SGs on arange of outcomes[1]. Thereview did not, however,
focus on depression outcomes in detail and was confined to
articles published prior to October 2003.

The current paper aims to provide a systematic and
comprehensive review of the available evidence concerning the
effect of 1SGs on depressive symptoms regardless of the 1SG
health condition. A more detailed review of depression ISGs
specifically is provided in a companion paper, which reports
the scope and findings from all qualitative and quantitative
empirical studies of depression 1SGs (see[7]).

Methods

Databases

Three databases (PubMed, PsycINFO, Cochrane) were searched
using keywords and phrasesfor the period prior to August 2007.
The search was undertaken at two time points, the first in May
2005 and the second in July 2007.

Search M ethodology

The search terms and strategies were based on those reported
by Eysenbach et al [1], which involve the following concepts:
(computer/Internet communication and support) or e-community
venue. In addition, a further 48 relevant search terms were
extracted from research papers on | SGs, abstracts extracted by
running database searches using the resulting search terms, and
an online thesaurus searching for similes of key terms|[8].

Study Identification

A multi-step process was employed to select relevant studies
for the current review and the review of depression 1SGs
reported in the companion paper to this study [7] (see Figure
1). In the first stage, each of the 12,692 abstracts returned by
the database searches was screened by one of the three authors
(AC, MB, KG). The aim of this stage was to screen out clearly
irrelevant abstractsand, in particular, to eliminate any reference
that clearly did not satisfy the following inclusion criteria:

1. Study discussed or investigated peer-to-peer interaction.
2. Study discussed or investigated at | east one of thefollowing:
online/electronic support groups, online/electronic social

http://www.jmir.org/2009/3/e40/
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or peer support, online/computer-based communication or
interaction, collaborative virtua environments or
interventions.

3. The support “group” discussed or investigated was
health/psychology related (eg, biological illness, mental
illness, health risk factors, bereavement, group counseling),
or the article measured a health/psychol ogy related outcome
in relation to the support group.

After removing duplicate papers (Stage 2), the remaining
abstracts (n = 859) were coded as relevant, not relevant, or
possibly relevant according to the following inclusion criteria:

1. Employed an online peer-to-peer support group

2. Incorporated either a depression outcome or involved a
unipolar depression 1SG

3. Reported either quantitative or qualitative empirical data
(Stage 3)

Studies were included whether they incorporated a stand-alone
ISG or involved a complex multi-component intervention.
Reviews of 1SGs satisfying thefirst two criteriawere identified
and analyzed separately. Abstracts were coded by one author
(AC or KG) and checked by a second author (KG or AC). Any
disagreement was resolved by discussion. After excluding the
irrelevant abstracts, 158 papers were obtained, read (if in
English), and coded against theinclusion criteria by one author
(KG). The coding was checked by asecond author (AC). Those
papers that did not report a depression outcome or did not
concern an |1 SG exclusively devoted to depression were excluded
(Stage 4), as were any duplicate papers generated as aresult of
conducting a two-phase searches process (n = 2). In addition,
two papers were judged to be non-English versions of an
English-language publication and were excluded [9,10]. Nine
other non-English papers of possible but not definite relevance
were excluded for pragmatic reasons (cost of trandation)
[11-19]. It is unclear how many of these would have been
retained in the review had they been formally trandlated.
However, one did not satisfy the inclusion criteria based on a
trandation by the first author [18], and only three of the
remaining non-English paperswererated as probable or definite
relevance based on the English abstract and a perusal of the
content of the tablesin the untrandlated paper [11,14] or apartial
translation supplied by a colleague [19].

The above processyielded atotal of 38 relevant papers and five
systematic reviews. Two additional relevant papers were
identified from the five reviews, and a further two papers cited
in at least one of the 38 relevant papers were included among
the pool of relevant papers (Stage 5). Thisresulted in atotal of
42 relevant papers of which 31 papers comprising 28 separate
trials incorporated a depression outcome (Stage 6) and 11
(studies of depression 1SGs) did not. The current paper focuses
on the 28 trials reporting a depression outcome.
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Figure 1. Study identification flow diagram: PubMed (PM), PsycINFO (Pl), Cochrane (C)

Coding of the Included Papers

The 31 papers reporting a depression outcome were
independently coded by two raters (KG, AC), and discrepancies
were subsequently resolved by discussion between the two
raters.

Quantitative studies that included depression outcomes were
coded for ISG, participant and study characteristics, and
depression outcomes. The | SG characteristics extracted included
the psychological or physical condition experienced by members
of the group, the format of the I|SG (newsgroup, bulletin board,
chatroom), whether moderated (yes, no, don’t know), and, if
s0, by whom (consumer, health professional, both, don’t know),
ISG type (public, research, other restricted access), and ISG

hittp://AWWw.j mir.org/2009/3/e40/

XSL-FO

RenderX

origin (United States, Europe, other). Participant characteristics
recorded included age (median older than 25 years or 25 years
and younger), gender, education, ethnicity, and rurality. Study
design characteristics and quality were also coded, including
sample size, attrition, design type (randomized controlled trial
[RCT], controlled trial, historical control, pre-post,
cross-sectional, case series), appropriateness of randomization
process and reporting, whether the study employed an
intent-to-treat (ITT) analysis (yes, no), and how missing data
were treated (last observation carried forward, multiple
imputation, other). Each study was also rated as to whether it
involved a multi-component design of which the ISG was just
one component, or whether the study evaluated a stand-alone
I SG or at minimum used a control group that controlled for the
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non-ISG components of the intervention. Intervention
characteristics recorded included duration of intervention and
length of longest follow-up. The depression outcome measures
used in each study were recorded, and each sample was rated
according to whether it yielded a statistically significant positive
outcome. Finally, raters coded the type of publication (thesis,
journal, book), country of primary author (United States, Europe,
other), and whether consumers were actively involved in the
design or conduct of the research.

Analyses

A formal quantitative meta-analysis was not conducted due to
the low quality of the studies meeting theinclusion criteriaand
the heterogeneous nature of the conditions studied. However,
the possible role of different characteristics and quality were
explored by comparing the characteristics of samples reported
to have yielded positive, statistically significant results with
those that did not, using a series of Fisher exact tests for
categorical attributes and Mann-Whitney tests for other data.
For the purposes of this analysis, data were analyzed at the
comparison rather than the study level. In addition, for
descriptive purposes, where possible, Cohen's d standardized
effect sizes were calculated and reported. For uncontrolled
studies, the pre-post standardized effect size was calculated
from the mean pre-test and post-test scores and standard
deviations. For controlled studies, the study effect size was the
difference between the pre-post effect sizefor the control group
and the pre-post effect sizefor the intervention group. In astudy
involving the comparison between depression scores for
high-use compared to low-use Internet users, effect size was
based on the standardized difference for the two groups. Effect
sizes were not calculated in several instances. Where only the
t test value for dependent (or equivalent) samples was available
[20], no effect size was estimated as such t values are based on
the standard error of the difference rather than a pooled standard
deviation and therefore overestimate the effect size. For the

http://www.jmir.org/2009/3/e40/
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same reason, an effect size was not calculated from the F value
of simple effects analysis of residualized change in depression
[21]. In addition, effect sizes were not calculated for studiesin
which only baseline adjusted means [22] and baseline adjusted
difference in change [23] were reported and for one study
containing apparent inconsistenciesin reported sample standard
deviations [24].

Results

Of the 28 studieswith depression outcomes, five reported results
separately for two different populations (patient versus carer
[21,25], mothers versus fathers [26], adol escents versus young
adults [27], heterogeneous versus homogenous group
composition [28]), and one involved two arms differing in
intervention duration [24]. Thus, there were a total of 34
samples. In reporting the findings below, the term “samples’
will be used to refer to these 34 different populations or arms,
and theterm “studies” will bereserved to describethe 28 trials.

Study Characteristics

Of the 28 studies with depression outcomes, 16 involved the
evaluation of stand-alone |SGs or used a design that controlled
for the use of intervention components other than the
peer-to-peer component or involved cross-sectional studies of
online groups (single component). The remaining studies
incorporated a multi-component intervention that comprised
the discussion group plus at least one additional component
such as health education, skillstraining, or decision aids. Table
1 and Table 2 present the characteristics of each of the
single-component and multi-component studies with a
depression outcome. Table 3 summarizes the intervention and
design characteristics across studies (1SG format and type, level
of evidence) or, where appropriate, across samples (conditions,
participant characteristics). Complete data were not available
for all variables.
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Study Participants De- Intervention/Natureof Outcome ITT Completer No. and  Results/Effect Signifi-
sign/Con-  1SG Mea- % Dropout (d/o)  gjzeP cant?
trol sures/

Follow-
Up

Breast Cancer

Winzel- N =72womenwithBC, RCT/WLC 12-wk Web-based CES-D Yes N=58(19.4%d/o) Greater reduction Yes

berg2003 diagnosed in past 32 Randomiza: structured newsgroup Basdine LOCF | =28 (22.2% d/o) in depressive

29 th ; I1SG (B Buddi t in1SG
[29] mins tion (BosomBuddies) ) s C=30(166%/0) yo thoe cortrol
USA | =36, C=36 methodnot  Onetopic/week intro- Baseline measLres group than control
Recruitment: Advertise-  specified  duced by psychologist did not predict ES=0.60 (com-
mentsin mediaand oncol- moderator (3 consecu- dropout pleters)
ogy offices tivegroups: n=10,n
=11,n=15)

Lieber- N =32 women withBC  Pre-post 16 week x 1.5hr chat- CES-D No | =26 (18.8% d/o) Significant reduc- Yes

man Recruitment: Online ad- room sessions with Basdline Predictors of non-  tionin depressive

2003[30] Vertisement on BC web- experienced |eader 16-20 adherence; poorer  Symptomsafter use

USA sites and via media, therapist plus 24 k coping with anxi- of ISG

physicians, hospitals, and hr/day bulletin board /¥° ety, morefatalistic, ES=105
community centers access paininterfered less

with life, less per-

ceived changein

rel ati onships/per-

sonal strength

Lieber- N =114 womenwithBC Pre-post 6- to 8-mth member- CES-D No 6 mths Significant reduc-  Yes

man who joined 1 of 5 fre- ship on public BC “Base- | =91 (20% d/o) tion in depressive

20057311 Quently used public bul- moderated bulletin ling’ ) symptoms after use

USA =1} letin boards < 8 wks pre- board 1SG providing &i&iﬁﬁg;&i of 1SG

V|ousl.y . emotional support post base: and Mon-Com. ES=452
Recruitment: Advertise- line pleters demograph-
ment on the online bul- ics, clinical charac-
letin board teristics, depres-
sion severity, post-
traumatic
growth/psychoso-
cia well-being

Lieber- N = 74 women withBC  Pre-post 6- to 8-mth member- CES-D No 6 mths Significant reduc-  Yes

man who joined 1 of 4 fre- ship on public BC “Base- | =61 (17.6% d/o) tion in depressive

2006[20] Quently used bulletin bulletin board provid- line” . symptoms after use

(20) boards < 8 wks previous- ingemotional support g mihs Baseline depres ot o5

USA : : sion severity did

ly No information about post base- )
) ] ) derator status X not predict dropout
Recruitment: Advertise- mof line
ment on the online bul-
letin board

Rodgers N =100randomly select- Pre-post Variable duration Thematic 1 =100 (only fol-  Significantassocia=  Possibly

2005[32] ed women with BC who membership (mean analysis lowed up while tion between fre-

USA posted to a BC bulletin 247 days, range 44-  of mood members) quency of posting

board during particular 1001 days) of public and improved
1-wk period BC bulletin board mood
43.3% participants

Mental Disorder

improved mood
(no data on poorer
mood)
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Study Participants De- Intervention/Natureof Outcome ITT Completer No.and ResultyEffect Signifi-
sign/Con- I1SG Mea % Dropout (d/o) Size? cant?
trol sures/

Follow-
Up

Anderss N =60 participantswith  Pre-post 10-wk moderated bul- BDI Yes Post-treatment NSreductionin No

son depression (CIDI diagno- arm® letin board | SG MADRS- LOCF | = 35 (41.7% d/o) depressive symp- aTT

2005[33] SiSmaor depression and S (com- i tomswithuseof  5pq

(331 ADRSS score 15-30 éter NS between com- | 5 com-
Sweden i1dto moderate d pleter pleters and non-
[mild to moderatedepres- analysis completersinbase. MADRS-S: pleters)
sion)) _ only) line depression, ES=0.34 (10wks)
Recruitment: Press re- Baseline quality of life, ES=0.87 (36 ks)
lease/media 10 wks treatment history,
: (ES values not
36 wk demographic char- ITT
WKS acteristics )

Houston N =103 usersof public  Pre-post Participationinpublic CES-D No 6 mths Resolution of de-  Yes

2002[34] depression |SGs listservg/bulletin “Depres- | =72 (30.1% d/o) pression greater in

USA N = 89, 86.4% depressed bﬁf dsat least 12 sion” = 12 mihs more ;?qugg_t | Stsc-;

CESD mths CESD > users arer ajust-
e 23 1 =66 (35.9% d/0)  ment for bassline
ecruitment: Requests Of those depr depression severi-
for volunteerson list- at least 1- - ;
<bulletin board > mthsaf a baseline, 79 ty/ demographic
servshiieinhoares il completed at least  Variables (P <.03)
’ 1 follow-up
bulletin
board (20.2% d/o)
“ Attrition not pre-
Base-
line" dicted by baseline
severity of depres-
6 mths sion, frequency of
12 mths ISG use, or socid
support

Gokaram+ N =228 adults dis- CT/TAU 12-to15-wk exposure LIFEse- No 1 =97 (14.9% NSdifferencein No

nay 2007 charged from psychiatric to psychotherapist- mi- struc- d/o)d the percentage of

[35] hospital with non-psy- guided chatroom ISG  tured in- C = 104 (8.8% ISG and control

chotic mental disorder comprising 8-10 peo- terview B ) participants with a

Germany  Choti al disord ising 8-10 i ; (8.8% h

I = 114 (with TK insur- plefor 0O minswk 1 \uk d/o) diagnosis of disor-
ance- 61 mood disorder) 12 mths lde" at 12 mthsfol-
C = 114 (without TK in- ov-p

surance - 59 mood disor-

der)

Diabetes

McKay N =160 primary careDB RCT /info 1_1: 10-mth profess  CES-D No 3 mths: Noeffect of ISG  No

2002 [36] P?Iti?ts féied Aé? 075 Y: control’ E‘?Tg_'y b”;Odglf a;‘;j 3mths N=133(169% Onreduction i:‘ de-

with no Internet access ) ulletin board/chat- dlo pressive symptoms

USA home or work Ramn'za’ room and informa- 10 mths )_ 0 at either follow-up

Glasgow | 1= 40 C = 4 tion tion I_1= 30 (25% d/o) period

2003(12 — 7 method not C=33(17.5%d/0) 5= 153 mths)

month Recruitment: Letterssent  specified 10 mths:

f/up) [371 Py primary care physi- )

U SFX (37 ciansto their patients f18°t/;>] d/ c()j:tvziral I .

with DB urther details no
provided
Characteristics of
completers and
dropouts did not
differ

Renal
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Study Participants De- Intervention/Natureof Outcome ITT Completer No.and ResultyEffect Signifi-
sign/Con- I1SG Mea % Dropout (d/o) Size? cant?
trol sures/

Follow-
Up

Quick N =3 peopleundergoing MT 5-wk participationin  BDI Yes N = 3 (0% d/o) Noimprovementin No

1909[3g] didysisforrena disease (gpgle apre-existing public  3time depressive symp-

USA Recruitment: Didlysis case) email discussion .|ISt points toms over time

clinics, dialysis websites 1SG for rend patients
No information about
moderation status
No Disorder
(23(;8? , III1=t 7; 5adol escentsaged RcTh |1'2 minsof i pstattnt on- I?yspho- No Adolescents: Adolescents: A:Yes
271 ° .yrs Randomiza: m;(a messag ngafctJ an na mde& N =50(35.1%d/o, Mood improve- C:No
USA N = 81 first-year college + unknown peer arter - sure de- ; : e
tion including 1 partici- ment greater for
students Recruitment: experimental induc-  vised for dropped b .
methodnot  tion of low moodin  study pant dropped by - peer-to-peer inter-
Adolescents - Summer specified  control and interven- Basdine researchers) vention group than
camps/after-school pro- tion group i College students, ~ control
grams College students - hdimme- B , College students:
Fliers/ announcementsin diate post N =60(25.9%d/o,
college interven- including 14.8% No differencein
dorms/halls/classrooms: tion dropped by re- mood change for
in person recruitment at searchers) peer-to-peer group
halls compared to con-
- trol
Rewards for participa-
tion/ completing consent
form

Shaw N = 46% introductory MT 4-8 yvks of' onlinechat CES-D No | =40 (13%k dio) S_ign_ificant redyc— Yes

2002 [39] psychology university sessionswith thesame Pretest, tion in depressive

USA Students anonymous partner mid-test, symptoms follow-

Recruitment: Advertise- Participant provided  post-inter- ing use of 1SG
ment on a psychology with topics for the vention ES=047
course Web page chat

Morgan N =287 (or 256) first- XS Chatroomunspecified Modified N/A N/A Significantcorrela Yes

2003[40] year residentia universi- /instant messaging CESD tion between chat-

USA ty students (11-item, room hrs and de-

Recruitment: Postal noti- lowa ver- pressive symptoms

fication followed by sion) r=-13 P< .05

email Increased chat-
room hrs predicted
decreased depres-
sion after control-
ling for demograph-
ic variables/social
support
P<.01

Sun 2005 N =2373 7thgradestu- XS Chatroomunspecified Notspeci- N/A N/A Daily chatroom Yes

[41] dents (age 11 to 16 yrs) fied users more de- (-ve -

USA Recruitment: Invitation pressed than those  fecy)

via school with Internet ac-

cess who did not
use chatrooms

OR12 P<.05
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Study Participants De- Intervention/Natureof Outcome ITT Completer No.and ResultyEffect Signifi-
sign/Con- I1SG Mea % Dropout (d/o) Size? cant?
trol sures/
Follow-
Up
Campbell N =188 self-selected XS High chatroom (un-  ZDS N/A N/A NSdifferencein No
2006 [42] globa sample of online specified) use DASS depressive symp-
Australia  users of whom 137 were Control low chatroom tomsfor high chat-
frequent chat users and (unspecified) use room compared to
51 were not low chatroom use
Recruitment: Passive re- ES=-.06 (ZDS)
cruitment viawebsite ad- ES=0.02 (DASS)
vertisement (eg, on APA
website)
Kang N = 158 chatroom users XS Chatroom unspecified CES-D N/A N/A Higher chatroom  Yes
2007[43] from USuniversity com- Kraut de- use predicted lower
USA munity (57% female) pression depression
Recruitment: Not report- items B=-0.29,P<
ed 0.001

@ APA = American Psychological Association; BC = breast cancer; BDI = Beck Depression Inventory; C = control sample size; CES-D = Center for
Epidemiologic Studies Depression Scale; CIDI = Composite International Diagnostic Interview; CT = controlled trial; DASS = Depression Anxiety
Stress Scales; DB = diabetes; ES = effect size; | = intervention sample size; ITT = intent to treat; LIFE = Longitudina Interval Follow-up Evaluation;
LOCF = last observation carried forward; MADRS-S = Montgomery-Asberg Depression Rating Scale; MT = multipletime points; N/A = not applicable;
OR = oddsratio; NS = no significant difference; RCT = randomized controlled trial; TAU = treatment as usua; TK = Techniker Krankenkassde; WLC
= wait list control; XS = cross-sectional; ZDS = Zung Depression Scale.

b Pre-post standardized effect size (for pre-post design) or difference between intervention and control pre-post effect sizes (for controlled designs).

€ This study was an RCT involving an intervention group comprising CBT self-help and an I SG and acontrol group involving an | SG alone. Thisdesign
does not permit an evaluation of the effect of ISG alone. Therefore, only the data for the control group (pre-post) are presented here.

9 Did not complete both baseline and follow-up assessments; other dropout information not available.

€Also, | 2=40,1 3=40.

f Online articles on diabetes (information only).

9Als0 two other conditions: |_2: access to professional coach and blood glucose tracking; |_3: acombinationof |_1& |_2.
PPartici pants randomized to one of three groups: (1) control, (2) intervention, (3) intervention group partners.

" These figures are for participants across all groupsincluding dyad partners who had not undergone negative mood induction. Sample size and dropout
figures were not available for the groups separately.

I Outcome measures recorded and analyzed for mood induction intervention and control samples only.
K'Unclear if n = 46 before or after consent.
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Table2. Study characteristics for multi-component interventions®

Griffiths et &

Study Participants De- Intervention/Natureof ISG  Outcome ITT Completer No.and Results/Ef-  Signifi-
sign/Type Measures/ % Dropout (d/0)  fect Size®  cant?
of Control Follow-Up

Cancer

Owen N =59womenwithBC RCT/WLC 12-wk SURVIVE online HADS No | =25(13.8% d/o) NSdiffer- No

2003[22] | =29;Cc=30 Rendomiza-  Program comprising health - gageline C=27(10%d/o) encein

USA . . tion: professional, moderated baseline

R.eﬂ“'tmem'.c"“;da;cctal Ford bulletin board group, can- 12 Wks adjusted
wit Ip atlenlt_s inm ad\I/ an bc;rrn cer information, resources, mean at 12
oncology © mt:CS’ Ier- num self-management advice, wks for in-
u s/ementls In ematc_) O~ generator art/poetry forum, struc- tervention
gl)'/ gnCﬁec;%ou;Eapmt tured coping skillsexercis- and control
cinic, he th websites, es (including stress man- groups
community nurserefer- agement, assertiveness,
ral, media and structured problem
$10 for completing solving training)
each survey Up to 20 participants per

group

VanDen N =184 peoplepost- CT/TAU 6-wk electronic healthin-  “Feelingsof No N =163 (11.4% NSbhase- No

Brink surgery for head or formation support system  depression” d/o) line adjust-

2007 [23] neck cancer comprising peer-to-pee’  Basdine | =35(10.3% d/o) ed differ-

Nether- =39 C=145 forumand email communi- _ encein

lands RecrLi Terti cation; informationand ~ © wks g/_ 128 (11.7% changeat 6

e_crw?m(;nt. . Zrtlary monitoring viaelectronic 3 mths 0) or 3 mths
university hospital-treat- questionnaire for inter-
ed patients recruited by vention
doctor independent of
. hvsici compared
treating physicians to control
groups

Neurological

Brennan N =102 caregiversof ~ RCT/TAU  12-mth accessto bulletin  CES-D No | = 47 (7.8%C d/o) Depression N/R

1995 [44] peoplf_ewnh _ Randomiza- Poard moderated by nurse  gasaline C = 49 (3.9% dlo) WasFreated

USA Alzheimersdisease  jon: who posted messages to 12 mth : asainter-

-51-C= . “foster systematic group mths vening
I=51;C=51 Not speci- ’ . ; : ; ;
Recrui ‘R h fied > cohesion” and information ~ (intervening variable
ecruitment: Research i and decision support (ex-  Variable) rather than
registry, support groups pert Q&A) anoutcome
ES=0.24

Lieber- N =66 or 65 patients ~ Pre-post 20wksx 1.5 hrsweekly  CES-D No Dropout rates Significant Hom:

mann with PD assigned to: hedlth-professional moder-  gasaline couldnotbecalcu- reduction  yeg

20059 Heterogeneous (Het) ated chatrpom and buI_I etin 20 weeks |ated separately for in depres- Het:

_ vari board availableat all times Hom and Het sive symp- :

[28,45] groups - variable age N

and time since diagno- and Q& A weekly health Combined: tomsfol- 0
USA sis education session with an 4 lowingin-

Homogenous (Hom) expert | =32(39%d/0)" tervention

9 NS differencesin  involving
groups - homogenous .
ageandtimesincediag- baseline measures  Hom but
4 between dropouts ~ not Het
nosis and completers 1scd

Recruitment: Fliersto
support groups, PD
clinic, practitioners, on-
line posts, newsletter
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Study Participants De- Intervention/Natureof ISG  Outcome ITT Completer No.and Results/Ef-  Signifi-
sign/Type Measures/ % Dropout (d/0)  fect Sjze?  cant?
of Control Follow-Up

Chronic Illness

Battles N =32 children (age8- (1) Restrict- 4 x 30 min sessionsonthe Depression  d/k d/k NSim- No

[46] 19 yrs) with serious edrandom- STARBRIGHT World Analogue provement

USA chronicillness (HIV, ly alternat-  (SBW) program compris-  Scale in depres-

cancer, granuloma, ing (A, B) ing network connectionto -y -anx- sionratings
neurofibromatosis) par-  treatment  other childreninahospitd 55 de- or symp-
ticipating asresidential  design (video) Connect/Find a pressed (par- toms
out patientsin pediatric  copyrol = Friend and information ent) 24% par-
clinical trialsat theNIH  ,5rmg) about medl'cal conditi ons Usefulness entsreport-
Recruitment: Playroom playroom ~ @nd entertainment and dis- in reducing ed positive
staff at NIH residential ~ activity ~ traction sadness.de- effects of
center identified poten- (2) Pre- Sessions administered pression the pro-
tiadly eligible partici- post across multiple NIH resi- gramon
pants Researchers ap- dential visitsover unspeci- (parent) mood
proached dligible partic- fied time period Pre-post ses- Edtimated
ipants/parents sion ES (CB-
Pre-post in- CL) =
tervention -0.06

Hill N=120female rurd  RcTdRan- 22-Wk professionally CES-D No | =43 (29.5% d/o) NSdiffer- No

2006[47] residents(35t065yrs)  gomiza: moderated online SUppPort  gasaline C=57(34%d/o) encesinre

USA with chronicillness(di- jon: group and online health 22 Wk ductionin

abetes/rheumatoid con-  pjethodnot  iNformation modules depressive
dition/ heart condi-  gpecified  Thesupport groupwasde- symptoms
tion/multiple sclero- scribed as an “asyn- ininterven-
sis/cancer) chronous chatroom” tion com-
| =61 C=59 pared to

) the control
Recruitment: Mass me- group
dia, agency and service
organization newsl etter, ES=015
and word of mouth

Carers

Bragadot- N = 21 parents of chil- Pre-post 4-mth access to health SCL-90de- No 3mthsand 4 mths Mothers: Mothers:

tir dren who had complet-
2004 [26] eqtf]‘?‘”ce;;fgﬁmem
USA the. within pi yrs

sis, Ice- Mothers: | =11

landic Fathers: | = 10

sample  Recruitment: From files
of Icelandic hospital re-
sponsible for treating
children with cancer

professional-moderated
mailing list

Professionals facilitated
and joined in group discus-
sions, answered questions,
directed parentsto re-
sources, corrected miscon-
ceptions/misinformation,
monitored appropriateness
of discussions

pression sub-
scae
Baseline

3 mths

4 mths

N= 16 (23.8% d/0)
Mothers:

| =8(27.3% d/o)
Fathers:

| =8 (20% d/o)

NSreduc- No
tioninde-  Egners
pressive No
Ssymptoms
ES=-0.10

(3 mths)

ES=0.20
(4 mths)

Fathers:
NS reduc-
tion depres-
sive symp-
toms
ES=-0.22
(3 mths)

ES=0.40
(4 mths)
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Study Participants De- Intervention/Natureof ISG  Outcome ITT Completer No.and Results/Ef-  Signifi-
sign/Type Measures/ % Dropout (d/0)  fect Sjze?  cant?
of Control Follow-Up
Carersand Heart Recipients
Dew N =124 heart recipients Controlled/ 4-mth HeartNet programs  SCL-90 No Recipients: Recipients: Recipi-
2004[21] and family caregivers ~ “Historic”  comprising 'discussi on Depression 1= 20 (16.7% d/0) Receivi ng ents:Yes
USA Recipients | =24; C= TAU com-  groups (online moderated g pgcale C = 34 (15% dio) interven-  cgre-
40 parison bulletin boards, separate Basdline 4 _ tion givers:
. _ groupen-  caregiver and recipient ’ Caregivers: showed a
Caregivers | =20, C= rolledin boards) and interactive on- miths (1), and I= 17 (15% d/o) greater re- No
40 other longi- line stress and medical 4-6 mths (C) C =34 (15% o/ ductionin
Recruitment: L etter tudinal regimen management = 34 (15% dio) depressive
fromtransplantteam  studiesand  skillstraining grounded in symptoms
asking if had Internet  matched ~ CBT principlesand Ask an than the
access Thosewithac-  for demo-  Expert (onlinequestionsto control
cess“approached” to  graphicdis-  transplant team expert plus group
participate tribution  Q&A Library plus Caregivers:
and assem-  archived responses to Ask NSdiffer-
bled before and Expert plus Health enceinre
or afterin-  living tips plus Resources ductionin
tervention  plus References Library) depressive
symptoms
ininterven-
tion com-
pared to
the control
group
Diabetes
McKay N =78sedentary peo- RCT/on-  8-wk D-Net ActiveLives CES-D No N =68 (13%d/o) NSdiffer- No
2001 [48] pl Zévgg type2 diatl)gtes Iir:;infor- Ipr(;gJan:_comﬁris.icr;g‘; ::\l;[_- Basdine I =35 (7.9% d/o) sn(éte in e (p=
ag yearsor older  mation, ored online physi iv- uctionin
USA | =38 C=40 blood glu- ity program with tracking 8wks C=33(17.5%d/o) depressive 10)
: . cosetrack- of daily physical activity, Predictorsof drop  symptoms
Recnfwtment: E_maul_ ing Control  information about aphysi- out: None ininterven-
postings to online dia- Randomiza- cal activity plusonline tion com-
b_etes groups and web- tion: personal coach counseling pared to
sites Automatic  Plus health professional control
sysemalo- moderated online peer group
cated support (Active Lives ES=0.35
Support Group)
HIV
Gustafson N =219;1=118;C= RCT/TAU 6 mths(Cohort1)and3 MOSdepress No Dropout rates NSdiffer-  3-mthInt
1994[49] 97 WithHIV Randomiza= Mths(Cohorts2and 3)  sionsubscale couldnotbecalcu- - encesinre- (5 yh
USA 3-mth intervention: tion: CHESS program compris- - 3. mth |nt; |lated separately for - ductionin  ¢/5).
S ing online facilitated bul- . 3-mth and 6-mth  depressive
Gustafson ! =t not s_p])fgjfled, C= Idnd?tﬁq_d letin board discussion B?ﬁellge,i interventiongroups  symptoms  '\©
199024 O Pooneh p:rnty o ng 970UP PIUS Q&A plusin NS, 3 MRS All cohortsat 2~ ininterven-  &-mthInt
USA 6-mth intervention: tandomn stant Library (information 6-mth Int: mths: tioncom-  (9-mth
| =not specified; C= | o articles) plusAsk anEx- Baseline, 2 | = 97 (17.7% /o) paredto  f/up):
not specified ble pert _(communlcatlon with  mths, 5 ~ control No
medical experts) plusGet-  mths, 9 mths C=90(9.3%d/o) group for

Recruitment: Posters,
newspaper advertise-
ment, HIV clinicsorga

ting help/support plus Re-
ferral Directory plus Per-
sonal stories plus assess-

All cohortswho ~ any follow-

“completed trial”:  up/cohort
combina-

o _ 0
I"IIZ.aII ons ment (of lifestyle risks) | =94 (21% d/o)
Paid to complete sur- plus Decision Aid plus C=89(9.2% d/o)
Veys Action Plan for implement-

ing decisions
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Study Participants De- Intervention/Natureof ISG  Outcome ITT Completer No.and Results/Ef-  Signifi-
sign/Type Measures/ % Dropout (d/0)  fect Sjze?  cant?
of Control Follow-Up
Mental Disorder
Taylor N =480 collegewomen RCT/WLC 8-wk professionally modi- CES-D No | =191 (21.7% NSdiffer- No
2006 [50] (18to30yrs) athigh  Rondomiza.  fied bulletin board and Basdine dio)® enceinre (P<.07)
risk of developingan g cognitive behavioral inter- _ ductionin
USA eating disorder Stratified vention 8 weeks c= 9198 (16.1% depressive
| = 244; C = 236 ot 60 weeks do) symptoms
’ by school; NSdemographicor ininterven-
Recruitment: Flyersat  computer- basdli ngfp tion com-
colleges, campus mail-  generated Irt])Zt Irer- paredto
ings, mass media sequences ences between
completers and control
produced et group
by study non-completers
coordinator ES=0.04
(8 wks)
ES=0.11
(60 wks)
IVF
Tuil N = 244 participants RCT“Ran- Accessto professionally  BeckDepress No Males: Males: Males:
2006[25] undergoing IVFor ICSI  domiza- moderated bulletin board ~ sion Index I=51(16.4%dlo) ES=-0.25 No
treatment in authors’ tion”: and chatroom (for commu-  for Primary _ . Femaes
Nether- hospital Alternating Nicationwith peersand ~ Care C=38(37.7%do) Females:
lands NG fessionals) plusint : Females: Es=018 No
Males | =61; C=61 alocation tF?ro d 9p ‘:S' Oma Basdline : .
Females | =61; C=61 tointerven- 1ON a: da:c_:ess 0 _0"‘3” . Postinter- I=51 (16.4% d/o)
_ tionor con- "€cords during period o vention C =40 (34.4% dio)
Recruitment: Fromau- IVF/ICSI treatment cycle '

thor IVF clinic

4BC = breast cancer; C = control samplesize; CBCL = Child Behavior Checklist; CBT = cognitive behavioral therapy; CES-D = Center for Epidemiologic
Studies Depression Scale; CT = controlled trial; d/k — don’'t know; ES = effect size; HADS = Hospital Anxiety & Depression Scale; | = intervention
samplesize; ITT = intent to treat; MOS = Medical Outcomes Study; NIH = National Institutes of Health; N/R = not reported; PD = Parkinson’s disease;
RCT = randomized controlled trial; SCL-90 = Symptom Checklist 90; TAU = treatment as usual; WLC = wait list control.

b Pre-post standardized effect size (for pre-post design) or difference between intervention and control pre-post effect sizes (for controlled designs).
€ Includes three (5.9%) dropouts “not able to have computer installed.”

9Dueto apparent inconsistencies within and between the two papers on this study, effect sizes have not been computed, individual sample sizes are
not reported, and individual dropout rates not computed.

€ Computed for completers of CES-D only; datafor overall completers not available.
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Table3. Study and sample characteristics®

Griffiths et &

Study (Sample®) Variable Tota Single Component Multi-Component
n=28 n=16 n=12
(n=34)° (n=17)° (n=17)°
Sour ce of study
Journal article 24 (87.5) 14 (87.5) 10 (83.3)
Thesis 4(14.3) 2(125) 2(16.7)
Country of senior author
United States 23(81.2) 13(81.3) 10 (83.3)
Europe 4(14.3) 2(12.6) 2(16.7)
Australia 1(3.6) 1(6.3) -
L evel of evidence
Randomized controlled trial 10 (35.7) 3(18.8) 7 (58.3)
Controlled tria 2(7.1) 1(6.3) 1(8.3)
Historic control 1(3.6) - 1(8.3)
Pre-post 9(32.1) 7(43.8) 2(16.7)
Pre-post + single case randomization 1(3.6) - 1(8.3)
Cross-sectional 4(14.3) 4 (25.0) -
Case series 1(3.6) 1(6.3) -
I SG format
Bulletin Board 9(32.1) 4(25.0) 5(41.7)
Chatroom 5(17.9) 5(313) -
Mailing list/newsgroup 2(7.2) 1(6.3) 1(8.3)
Instant Messaging 2(7.1) 1(6.3) 1(8.3)
Combination 6 (25.0) 3(18.9) 3(25.0)
Mailing list or bulletin board 2(7.2) 2(12.5) -
Unclear 2(7.2) - 2(16.6)
I1SG origin
Public, accessible 9(32.1) 9 (56.3) 0(0)
Closed, research 1SG 17 (60.7) 7(43.8) 10 (83.3)
Restricted access hospital 2(7.2) - 2(16.7)
Moder ation status
Moderated 14 (50) 6(37.5) 8(66.7)
Some moderated 1(3.6) 1(56.3) -
Not specified 13 (46.4) 9(6.3) 4(33.3)
Type of moderation (n=15) (n=7) (n=8)
Health professional 11 (73.3) 5(71.4) 6 (75)
Don't know 4(26.7) 3(28.6) 2(25)
Median duration intervention (n = 29)° 16 wks 15.5wks 17 wks
(n=23) (n=10) (n=13)
M edian longest follow-up (n = 29)° 22 wks 26 wks 18.5wks
(from intervention commencement) (n=22) (n=12 (n=10)

Condition (n=34)¢
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Study (Sample®) Variable Total Single Component Multi-Component
n=28 n=16 n=12
(n=34)° (n=17)°¢ (n=17)¢
Cancer 7 (20.6) 5 (29.4) 2(11.8)
No disorder 7 (20.6) 7(41.2)
Diabetes 2(5.9) 1(5.9) 1(5.9)
Carers 4(11.8) - 4(23.5)
Chronic illness 2(5.9) - 2(11.8)
Neurological 2(5.9 - 2(11.8)
Depression 2(5.9) 2(11.8)
Other mental disorder 2(5.9 1(5.9 1(5.9
Cardiovascular 1(2.9) 1(5.9 1(5.9
Renal 1(29 1(5.9)
HIV/AIDS 2(5.9) - 2(11.8)
IVF 2(5.9) - 2(11.8)
Participant mean/median age (n = 34)°
11to 17 yrs 3(8.8) 2(11.8) 1(5.9)
18to 25yrs 4(11.8) 3(17.6) 1(5.9)
26t0 40 yrs 5(14.7) 2(11.8) 3(17.6)
41to065yrs 11(32.4) 4(23.5) 7(41.2)
Not certain 11 (32.4) 6(35.3) 5 (29.4)
Gender (n=34)°
> 70% women 16 (47.1) 9(56.3) 7(46.7)
> 70% men 4(11.8) - 4(25.0)
Neither gender > 70% 11 (32.4) 7(43.8) 4(50)
Don't know 3(8.9) 1(6.3) 2(11.8)
Rural (n = 34)°
> 50% rural 1(2.9) 0(0) 1(5.9)

aValues are no. (%) unless otherwise specified.

b Multiple samples receiving different intervention durations treated separately (one study: [24])

¢ Multiple samples treated separately (six studies: [21,24-28])

Origin
The majority of studies were reported in published journal

articles, and, in most cases, the senior author was |ocated in the
United States.

I nterventions

The studies primarily employed bulletin boards, chatrooms, or
mailing lists, either aone or in combination (see Table 3).
Approximately two-thirdswere closed 1 SGs, typically developed
for research purposes. Half of the studies specified that the | SGs
were moderated, and of these the majority of moderators were
health professionals. The duration of the interventions ranged
from 12 minutesto 12 months (median 16.5 weeks), and length
of timeto follow-up ranged from immediately post-intervention
to 12 months post-intervention.

http://www.jmir.org/2009/3/e40/

RenderX

Participants

More sampleswere focused on 1 SGsfor breast cancer than any
other condition. In addition, a significant percentage of the
samples related to depression and 1SG use in those without a
physical or psychological condition. As noted above, only two
samples were exposed to depression 1SGs. The median age of
participants in the samples typically fell between 26 and 65
years. Some of the samples comprised college-aged or younger
adol escents. None was concerned specifically with older people,
although the median age of one sample was 64 years [28].
Significantly, only a minority of samples focused on men,
whereas amost one half contained a predominance of, or all,
women. Only one study focused on rural participants [47]; two
others mentioned the inclusion of somerural residents[26,30].
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Outcome Measures

Half of the studies (n = 14) used the Center for Epidemiologic
Studies Depression Scale (CES-D) asan outcome measure, with
the next most common measures (with two trials each) being
the Symptom Checklist 90 (SCL-90) and the Beck Depression
Inventory (BDI). Each of the remaining measures was
administered in onetria only.

Study Quality

One third of the studies involved an RCT, and almost half of
the 28 studies employed a control group. The majority of the
remaining studies used a pre-post design. Of the 23 studies that
used at least a pre-post design, only three (13%) used an ITT
design, with a further study neither specifying if an
intent-to-treat design was employed nor indicating the level of
dropout if any [46]. Two of the four ITT studies [29,33] used
the last observation carried forward method for treating
missingness. Thethird inferred mood frominitial and final posts
on a bulletin board, thus ensuring that there was no dropout
[32]. No study used multiple imputation for estimating
missingness. Of the nine studies said to have employed an RCT
design, only three [22,24,48] both adequately specified the
randomi zation procedure and employed an appropriate method
of randomization [51].

Intervention and control sample sizes ranged from 10 to 244
(median 46) and 30 to 236 (median 51), respectively, for
samples derived from studies of at least pre-post test quality.
Cross-sectional study sample sizes ranged from 158 to 2373
(median 230). Dropout among samples in studies of at least
pre-post test quality ranged from 7.9% to 41.7% and 0% to 37%
for intervention and control conditions, respectively. Of the 22
studies of at least pre-post design with some dropout, 46% (n
= 10) compared the characteristics of completers and
non-completers. All but one of these (n = 9, 90%) reported no
difference in baseline characteristics for these groups.

I SG Efficacy for Depression

The outcomes for single and multiple studies are discussed
separately.

Single-Component Studies

Of the 17 intervention samples (16 studies) involving a
peer-to-peer component alone or a cross-sectional design, 10
(59%) yielded a positive effect of the ISG on depressive
symptoms. However, only two of these involved a controlled
trial.

The largest number of single-component samples involved
women with breast cancer (n = 5) [20,29-32]. Of these, four
yielded significant effects of moderate to large size [20,29-31],
and thefifth was associated with asmall, significant association
between board use and improved mood [32]. However, only
one of these trials employed a controlled design [29].

Three samples (three studies) involved 1SGs comprising
members with a mental disorder, two of them depression
[33-35]. One of these produced a positive result. In particular,
Houston et al [34] found that more frequent depression ISG
userswere significantly morelikely to recover from depression
after adjustment for baseline depression severity and
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demographic variables. However, the study did not include a
control group. The second depression | SG comparison involved
the control arm of an RCT of an online cognitive behavior
therapy intervention for depression in which aresearch bulletin
board was used as a control condition [33]. There was no
significant effect of the bulletin board.

There were two other single-component samples (2 studies)
involving medical conditions, one of them involving atrial of
an | SG for diabetes[36,37], the other the use of an I SG for renal
patients undergoing dialysis [38]. The ISG did not produce an
effect on depressive symptoms in either of these studies, but
the latter involved only three cases.

Finally, seven samples (six studies) involved people with no
psychological or physical disorder [27,39-43]. Three samples
(two studies) involved experimental studies of the effect on
mood of online communication between peer dyads [27,39].
Two of these reported a positive effect of the dyad on mood.
The remaning four samples (four studies) involved
cross-sectional studies of survey data designed to investigate
the association between frequency of chatroom use and mood
in community samples. Two of these studiesinvolved university
communities and found that higher chatroom use predicted
lower depression [40,43]. A third, cross-sectional study of
general userson the Internet did not find an association between
frequency of use and mood but employed a dichotomized
measure of frequency and may therefore have lacked statistical
power [42]. The final study, which involved adolescents aged
11 to 16 years, found a reverse effect, with higher Internet use
being associated with a higher level of depressive symptoms
[41]. In summary, there is weak evidence that chatroom use
among people without adisorder may be associated with lower
levels of depression, but the quality of evidenceis poor and the
findings inconsistent.

Multi-Component Studies

Of the 17 samples (12 studies) that involved intervention
components in addition to the 1SG, only two (12%) reported a
positive effect [21,28]. Thefirst, involving ahomogenous group
of patientswith Parkinson’s disease, employed apre-post design
only and incorporated a health professional education component
aswell asthe 1SG [28]. The second, involving heart recipients,
employed a historical control differing in depression severity
and comprised many potentially active componentsin addition
to the ISG, including stress skillstraining [21].

Association Between Positive Results and Study
Characteristics

Multi-component studies were significantly lesslikely to yield
significant, positive outcomes than stand-alone interventions
and cross-sectional studies (Fisher exact test, P = .01). Breast
cancer | SGswere more successful than other | SGs (Fisher exact
test, P = .02), but most of the breast cancer studies originated
from a single research group. Outcome was not affected by the
use of synchronous (chatroom) compared to asynchronous
(bulletin board, listserv/newsgroups) | SGs (Fisher exact test, P
= .99), whether or not the study reported using a moderator
(Fisher exact test, P = .72) or whether the board was public,
research, and/or restricted access (Fisher exact test, P = .11).
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There was no effect on outcome for the duration of the
intervention (Mann-Whitney U = 57, P = .23) or the length of
follow-up (Mann-Whitney U = 75.5, P = .83). Nor wasthere a
significant association between age (25 years and younger vs
older) and success, but there were few studies of young people
(Fisher exact test, P = .64). Considering only the samples that
were predominantly comprised of males (n = 4) or females (n
= 16), there was no association between outcome and sex (P =
.59), but the sample size of males was very small.

With respect to study quality, there was a trend toward an
association between lower design quality and positive outcomes,
with 19% (n = 3) of samplesinvolving controlled comparisons
(RCT, controlled trial, historic control) and 53% (n = 9) of
uncontrolled effects yielding significant positive findings.
However, this association fell short of statistical significance
(Fisher exact test, P = .07). A similar non-significant trend
(Fisher exact test, P = .13) was noted for samples involving
RCTs compared to other designs. In the latter case, only 17%
(n = 2) of the RCTsyielded a positive effect and none of these
employed an ITT design. By contrast, 48% (n = 10) of the
lower-quality trialsyielded significant positive outcomes. There
was no association between total sample size of study
intervention groups and outcome (Mann-Whitney U = 62, P =
.26).

Discussion

The most salient finding of this review was the paucity of
high-quality studies of the impact of depression or other ISGs
on depression outcomes. Only a minority of the identified
studies employed acontrol group, and two-thirds of RCTseither
failed to use an adequate method of randomization or failed to
specify the method of randomization. In addition, only 13% of
studies of at least pre-post quality used an ITT analysis, and no
study used multiple imputation for treating missingness. This
low level of quality is a cause for concern, particularly given
the trend toward an association between significant positive
findings and low design quality.

Despite the apparent popularity of the Internet as a source of
support for people with depression, there were only two studies
of the effectiveness or efficacy of depression |SGsinimproving
mood. One comprised the control arm in a study of the
effectiveness of apsychological therapy, and the other involved
an uncontrolled multi-time-point study of an existing public
depression 1SG. Although the findings from the latter study
were promising, neither study was of sufficient quality to
evaluate whether depression ISGs improve or do not improve
depression outcomes. Clearly, there is a need to undertake an
RCT of the effect of a depression 1SG on depression status.

Although there were more studies of the effect on depression
for 1SGs for conditions other than depression, many of these
studies were of low quality and amost 50% employed
multi-component interventions of which the ISG was only one
component. Indeed, only two studies employed both acontrolled
design and a single-component intervention [27,29]. The first
involved a structured 12-week breast cancer newsgroup
intervention facilitated by a psychologist. There was a greater
reduction in depressive symptoms among the 1SG than the
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control group using ITT analyses. The second involved asample
of well adolescents and a sample of well college students who,
after exposure to a negative mood induction manipulation, were
provided with the opportunity to interact online with an
unknown peer. There was an improvement in mood for the
adol escents assigned to online peer interaction relative to control
adolescents, but no such effect for college students. Thus, the
results of the two highest quality studies are encouraging and
suggest that further studies of 1SGs of all types are warranted.

The finding that breast cancer I1SGs were significantly more
likely to be associated with positive results than 1SGs of other
typesrequiresfurther investigation given that women with breast
cancer are known to be at increased risk of depression [52]. If
found to be effective in reducing depressive symptoms, such
ISGs could provide an important mental health self-care and
prevention tool for women with breast cancer. However, the
status of the current resultsis unclear given that the majority of
findings were derived from one research group and the studies
were typically of low quality.

Thefinding that chatroom usetendsto be associated with lower
levels of depression among participants without depression or
other medical conditions raises the possibility that chatroom
usage may protect against depression in universal samples of
members of the community. However, much of the evidenceis
based on cross-sectional surveys. Thus, the direction of
causation cannot be determined, and chatroom usage may be
associated with other behaviors and these rather than the
chatroom use may mediate the depression levels.

Theoretically, online support groups could be particularly
relevant and appropriate for users who are isolated or not able
to access conventional or face-to-face services, either due to
lack of mability or geographic location. It is therefore of some
concern that none of the studiesinvestigated | SGs among ol der
people and that only one study specifically focused on the
effectiveness of an 1SG for rural participants.

Limitations

A limitation of this study is that it does not include trias
published after July 2007. To investigate this, a further search
was conducted by the first author incorporating the time period
from August 2007 to May 2009 and using the same search terms
employed in the reported searches but limiting results to those
incorporating theterms*“ depression” or “depressive’ or “mood.”

After excluding a published study reporting data from a
dissertation already incorporated into the review [53], 14 new
relevant papers were identified. Of these, six involved
experimental studies [54-59] and the remainder were
non-experimental [60-67]. No new descriptive studies of
depression 1SGs were identified. Of the experimental studies,
all but two [54,55] incorporated potentially active components
in addition to an 1SG. Only one of the six employed an ITT
design [58], and although three were RCTs [56-58], none
specified the method of randomization. The remaining three
experimental studies were controlled trials [54,55,59], but one
employed a non-contemporaneous control [54]. Of the two
single-component studies, one involved an 1SG for
Spanish-speaking immigrant women with breast cancer [54]
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and the other an | SG for Asian American women with alesbian
or bisexual orientation [55]. Neither resulted in apositive effect
on depressive symptoms relative to a control.

Of the four multi-component trials [56-59], three reported a
greater reduction in depressive symptoms in the intervention
group [57-59]. The first of these studies involved an ISG and
educational filmsfor peoplewith chronic pain or burnout ([57],
RCT), but the effect was not sustained at foll ow-up. The second
employed adiscussion group in addition to atherapist-facilitated
online group and an offline cognitive behavioral therapy
program, but the latter is a known effective treatment for
depression ([58], RCT). The third comprised a computer and
Internet educational program for older peopl e that incorporated,
but was not limited to, participation in forums and virtual
communities ([59], controlled triad). The remaining
multi-component trial found no effect of acomplex intervention
incorporating an 1SG component for rural -residing women with
achronicillness ([56], RCT). Thisstudy found that an intensive
intervention  involving  peer-to-peer online  support,
expert-facilitated online group discussion, and online expert
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advice resulted in no greater reduction in depression than an
information intervention alone or no intervention [56]. The 11
non-experimental studiesidentified investigated therelationship
between chatroom (unspecified) use and depression, and most
used a cross-sectional design. The findings were mixed. In
summary, studies published since mid-2007 shed little additional
light on the effectiveness of 1SGs in reducing depressive
symptoms and provide no further evidence concerning the
efficacy of depression 1SGs.

Conclusions

Thereisaneed for high-quality research to investigate the effect
of 1SGs on depression outcomes. We acknowledge that there
are significant challenges associated with designing and
undertaking efficacy studies of 1SGs. We acknowledge too that
the appropriateness and feasibility of conducting such research
on online self-help groups have been questioned [68]. However,
we believe that creative researchers, together with consumers,
can find away to shed further light on anissue of unquestionable
practical significance for millions of consumers worldwide.
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Abstract

Background: Internet support groups (ISGs) are a popular means by which consumers with depression communicate online.
A number of studies have evaluated the nature and impact of depression-specific 1SGs. However, to date there have been no
published systematic reviews of this evidence.

Objective: The aim was to systematically identify and summarize the available evidence concerning the scope and findings of
studies of depression 1SGs.

Methods: Three databases (PubMed, PsycINFO, Cochrane) were searched using over 150 search terms extracted from relevant
papers, abstracts, and a thesaurus. Papers were included if they employed an online peer-to-peer depression-specific support
group and reported either quantitative or qualitative empirical data. The objective of each study was coded according to a
20-category classification system, which included the effect on depression and other outcomes, including help seeking; user
characteristics, activity, satisfaction, perceived benefits, perceived disadvantages; the reason for using the | SG; the nature of 1SG
posts; characteristics of depression 1SGs compared to other |SG types, face-to-face groups, and face-to-face counseling; ISG
structure and longitudinal changes; and predictors of 1SG adherence.

Results:  Thirteen papers satisfied the inclusion criteria from an initial pool of 12,692 abstracts. Of these, three collected data
using survey guestionnaires, nine analyzed samples of posts, and one both collected survey data and analyzed a sample of posts.
The quality of most studieswas not high, and little datawere collected on most key aspects of depression 1SGs. The most common
objective of the studies was to analyze the nature of the posts (eight studies) and to describe site usage (six studies) and user
characteristics (five studies). The most prevalent types of social support were emotional, informational, and social companionship.

Conclusions:  Given the popularity of depression ISGs and the paucity of available evidence about them, there is a need for
high-quality, systematic studies of these groups, their impact, and the characteristics of their members and users. Such information
isrequired to inform decision making by consumers, provider and educational organizations, guideline devel opers, policy makers,
and funding bodies considering using, recommending, providing, or funding such groups.

(J Med I nternet Res 2009;11(3):e41) doi:10.2196/jmir.1303

KEYWORDS
Depression; consumer participation; Internet; self-help groups

: managed as an acute condition. In addition, depression and help
Introduction seeking for the condition are stigmatized [3,4]. A substantial
Depression is a recurring, debilitating condition that is the ~Minority of peoplewith depression do not seek formal help [5],
primary cause of disability burden in developed countries [1]. and those who do may find that formal services do not meet all

Although frequently chronicin nature[2], depressionistypically  their needs [6], particularly in relation to practical advice and
ongoing emotional support. Moreover, it has been calculated
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that optimal treatment using the best currently available
evidence-based interventions would avert only 34% of the
burden associated with depression even if it were provided to
all people with the condition [7].

It is perhaps not surprising then that consumers seek less-formal
methods to assist them in coping with depression. Peer-to-peer
depression Internet support groups (1SGs) provide one potential
means of obtaining such support. In fact, there is evidence that
such groups are among the most common support groups on
the Internet [8]. Many ISGs enjoy a large membership. For
example, at the time of writing, one depression group reported
aregistered membership of over 30,000 memberswith as many
as 3993 visiting on one day [9].

Given the prevalence of depression | SGs and their potential to
play a role in the management of depressive disorders, it is
important to understand who, why, and in what way consumers
use depression 1SGs, their benefits and risks, and how such
groups are best structured for optimal consumer outcomes. In
a companion paper, we have reported the results of areview of
the effect of health ISGs on depressive symptoms [10].
However, the review was not focused on depression 1SGs
specifically and incorporated only those studies reporting
depression outcome data. As noted above, other attributes of
depression |SGs are of interest. To our knowledge, there are no
published reviews of the scope or findings of empirical research
on depression-specific 1SGs.

The current study seeks to address this gap by reporting the
results of a systematic review of the available quantitative and
qualitative evidence concerning depression | SGs. In particular,
the review aims to document what is known about the
demographic and clinical characteristics of depression 1SG
users, the nature and quantity of depression | SG usage, consumer
attitudes about depression 1SGs, whether depression 1SGs
influence help seeking and user attitudes about conventional
health care, and how these online groups compare with other
types of 1SGs and with face-to-face mutual support groups for
depression.

Methods

The methods employed in the current review have been reported
in acompanion study of the efficacy of health ISGsin reducing
depression symptoms, [10] and the reader is referred to that
paper for further details. Briefly, the review methodology
entailed asearch of three databasesfor the period prior to August
2007 using an extended version of a search strategy reported
by Eysenbach et al [11]. The procedure for identifying studies
involved amulti-step process: (1) eliminating clearly irrelevant
abstracts, (2) identifying definitely or possibly relevant abstracts
(two reviewers), (3) collecting and eliminating papers not
satisfying inclusion criteria (two reviewers), and (4) identifying
any additional relevant studies cited in systematic reviews (two
reviewers) or included studies. Inclusion criteriafor the current

http://www.jmir.org/2009/3/e4l/
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study were that the study reported qualitative or quantitative
empirical data on a peer-to-peer depression support group.
Studies were excluded if the target ISG was not specific to
depression [12-14]. Of the 12,692 abstracts initially returned
by the database searches, 13 studies satisfied the inclusion
criteria, including two efficacy studies [15,16] that were aso
included in the efficacy review [10]. A flow diagram of the
above processisavail able in the companion paper to thisreview
[10]. Asnoted by Griffithset a [10], it is possible that additional
papers may have been published since the original searches. To
investigate this, a search was conducted by the first author
incorporating the period of 2007 to May 2009 and using the
same search terms employed in the reported searches but
limiting results to those incorporating the terms “depression”
or “depressive’ or “mood.” No new empirical studies of
depression | SGs were identified.

Coding of the Included Studies

Each of the identified 13 papers was independently coded by
two raters (KG, AT) and discrepancies subsequently resolved
by discussion. Variables coded included type of 1SG (format,
moderation characteristics, country of origin), country of origin
of the primary author, study design (experimental, observational,
descriptive), and the type of dataanalyzed (survey, |SG posts).
In addition, each study was rated for the presence (yes, no) of
each of a series of potential aims. to measure the (1)
effectiveness of 1SGson depression or (2) another outcome (eg,
quality of life); (3) effect on forma service use; (4) user
satisfaction with depression ISGs; (5) reason for using
depression | SGs; (6) user perceived benefits; (7) user perceived
disadvantages; (8) source of referral to the I SG; (9) demographic
characteristics; (10) clinical characteristics; (11) service use of
depression 1SG users; (12) activity/usage of depression 1SGs;
(13) the nature of depression ISG posts; (14) comparative
characteristics of depression and other medical 1SGs, (15)
face-to-face support groups, and (16) face-to-face counseling;
(17) changes in depression |SGs over time; (18) predictors of
adherence to depression 1SGs; (19) aspects liked best and/or
least about ISG; and (20) 1SG structure. In practice, it proved
difficult to differentiate between categories (5) and (6), and
these were therefore combined into a single category, “reason
for using depression | SGs and/or user perceived benefits.”

Results

Table 1 summarizes the characteristics of each of the 13
identified studies. The majority were descriptive (n = 11), one
was an observational trial, and one was an experimental trial.
The quality of most studies was not high, and little data had
been collected on most key aspects of depression ISGs. The
most common objective of the studieswasto analyze the nature
of the posts (eight studies) and to describe site usage (six studies)
and user characterigtics (five studies). Two of the studies
analyzed different aspects of the same data [17,18]. Findings
from the 13 studies of depression |SGs are detailed below.

JMed Internet Res 2009 | vol. 11 |iss. 3 |e41 | p.24
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Griffiths et &

Table 1. Design characteristics of depression 1SG studies: |SG user survey studies, | SG post studies, and combined user and post studies®?

Study Setting/Typeof ISG  Design Recruitment (surveys)/ Aims (for which findings Measures
Sampling method (posts) reported)

I1SG user survey studies

Houston  Fivemoderated public Observational Participantsrecruited for sur- «  Effectivenessdepress «  CES-D (depression)

2002[15] depression b_ulletin (survey) vey over 2-mth perio_d sion _ « MOS-SS (socia §upport)
USA boardsand listservs  pegeyi ptive through postsonthefivelSGs .  Effectivenessother «  Age, gender, marital sxatus_,
(survey) outcome education, employment, nation-
o  Characteristics ality, years since first diagno-
o Perceived benefits/ sis, type/quantity/quality face-
disadvantages to-face care
« Activity/usage «  Vaueof ISG (5-point Likert),

. effect on face-to-face care
«  Compare with face-

to-face counseling o ISG usepast 2 wks (hrs), self-
report
«  Preference for type of interac-
tion (face-to-face vs ISG)

Powell Six Netdoktor depres- Descriptive Visitorsto Netdoktor ISGs ~ «  Characteristics o Age, sex, history of depres-
2003[19] sion bulletin boards ~ (survey) over 4-wk periodinMay/June .  Perceived benefits/dis- sion/consultations, MDI, nation-
(Austria, Denmark, 2002 responding to survey advantages ality of 1SG, reason for visit
UK Germany, Norway, offered in pop-up window (sdlf, friend, family member,
Sweden, UK) Modera- etc)
tion status N/S «  Sef-perceived effects of use

Anderss  Moderated, research  Experimental  Recruitment of participants «  Efficacy depresson «  BDI, MADRS-S (depression)

son depression bulletin for an Internet research o Efficacy other out- . . .
2005[16] board g?g;g;:?g project on depression through come ‘ (Qa\(r?)I(_l:et(q)ual ity of life), BAI
Swed controlledtria  PrintmediaSelf-selectedpar- «  Predictor of adher- y
en ticipantsincluded if probabil- ence
(survey) ity of 0.55 of diagnosis of

MDD (CIDI-SF) and clinical -
ly significant symptoms of

depression (MADRS-S)
1SG post studies
Davison  Highest volume En-  Descriptive All poststo |SG analyzed « Activity/usage «  Number of posts
2000[8] glish-language Inter-  (posts) over 2-wk period «  Compare|SGs
USA net depression news-
group and AOL de-
pression support bul-
letin board
Salem Public depression Descriptive Analyzed all poststo ISGin  «  Characteristics «  Gender, work status, whether
1997[20] Newsgroup .(posts, 2 iag;of 2 Wk_s, 1mthapartin . Activity/usage depression prof onals (in-
USA independent (involving 533 posters) ferred from posts); whether
coders) «  Nature of posts depressed or a carer (inferred
. Compare with face- from posts)
to-face group «  Frequency of posts, no. of
posters, mean and range
posts/person, target of post
(group vsindividual)
« 13 coding categories (5 general
categories) derived from
Roberts [21] and face-to-face
mutual support literature
«  Measuresused for characteris-
tics and nature of posts
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Study Setting/Type of ISG  Design Recruitment (surveys)/ Aims (for which findings Measures
Sampling method (posts) reported)
Fekete Depression news- Descriptive Analyzed all poststo ISG o  Characteristics «  Gender (inferred from posts),
2002[22] 9roup (posts) over 3-mth period (involving «  Activity/usage nationality (inferred)
H n = 45 posters) - Nature «  Frequency of posts, no.
ungary . ComparelSGs posters, no posting once only

«  Syntax/grammar analy-
sis/speech patterng/verbal fea-
tures (modified Weingraub
[23,24] content analytic

method)
Muncer  Onedepressionnews- Descriptive Random sample of all post- .« Usage «  Meanthread length, no posting
2000[17] 9roup, selected be- (posts) ingsto ISG madeover 1 mth «  Nature > 6 messages
UK cause it was “ particu- (involved n = 118 partici- «  Cohenand Wills[25] typology
larly active” pants) of social support (coded at
level of thread)
Muncer  Depression news- Descriptive Analyzed postsmadeover 1 «  Activity/usage «  Mean thread length,
2000[18] groupfrom Muncer et (posts) mth to depression ISG (sam- «  Network structure posters/thread, posts/person,
UK a [17] Diabetes pledasabove) andpostsmade «  Compare ISGs no. posting once only, no.
newsgroup over “longer period” to dia- posting > 6 messages
betes 1SG «  Multidimensional scaling rou-
Usage analyses based on all tine form UCINET [26]
posters (n = 118 depression,
n = 132 diabetes); network
structure on frequent posters
(n=26depression, n=10di-
abetes)
Alexan-  Threepublic depres-  Descriptive Analyzed 1 mth of poststo  «  Activity/usage «  Frequency of posts/mth, no.
der sion | SGs selected (posts, thethreeISGsat 3,6,9,and .  Nature (for lead- posters, no. leaders
ly f li ; 12 mth - i ic-
2002[27] randomly rm_ alist partial double mths after group com ersmost active partic . Modified Cutrona's Support
USA of non-professionally coding to es- mencement ipants) Benhaviour Codes [28]
rundepresSongroups  ahlishand  Posts from 1998 to 2001
on public e-groups verify reliabili-
website Moderation 1y
status N/S
Witt Public depressionbul-  Descriptive Analyzed over 1000 postson «  Nature of posts o  Contract, Thinking Feeling
1999 [29] letin board, public ISGscollected over a“2-to  «  Comparison of 1SG (CTF) coding system [30]
USA smoking cessation 3-mth period” types
bulletin board
Method of selection,
moderation statusN/S
Macius  Public “message Descriptive Analyzed oneor twothreads .  Nature of posts «  Coded for typeof support, type
2005 [31] board” (posts, 3 on ISG for aweek in June o  Comparison of ISG of medical/drug content dis-
UK coders, reliabil- 2002 types cussed
ities comput-
ed)
Lamerichs Public depression Descriptive Selected extractsfromISG, «  Nature of posts « ldentity management
2003[32] ' discussionforum”  (posts) chosentoillustrate limitations
Neth (senior citizens) of existing cognitive models
ether- of onlineinteractions
lands
Survey and posts
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Study Setting/Type of ISG  Design Recruitment (surveys)/ Aims (for which findings Measures
Sampling method (posts) reported)
Alexan-  Newsgroup Descriptive Posts: Analyzed al posts o  Characteristics « Depression status(disclosed in
der Method of selection  (posts, 3 inde- madetothe|SGover3con- « Usage posts)
2003[33] and moderationstatus  pendent secutivewks(n=74members «  Nature «  Frequency of posts, no. of
USA N/S coders) posting) posters _
Survey: Volunteers recruited - Cutrona's Support Behaviour
Codes [28]

through post on the ISG (n =

19)

« 6 satisfaction items (survey)

@ AOL = America Online; BAI = Beck Anxiety Inventory; BDI = Beck Depression Inventory; CES-D = Center for Epidemiologic Studies Depression
Scale; CIDI-SF = Composite I nternational Diagnostic I nterview Short-Form; MADRS-S= Montgomery-Asberg Depression Rating Scale; MDI = Major
Depression Inventory; MDD = Magjor Depressive Disorder; MOS-SS = Medical Outcomes Study Social Support Scale; N/S = not specified; QOLI =

quality of life.

b Only measures for which data or findings were reported are included in table.

What Arethe Characteristicsof Depression | SG Users?

There is limited research on the clinica and demographic
characteristics of the users of public depression | SGs. Moreover,
data collected thus far have been derived only from surveys or
advertisements posted on bulletin boards or inferred from
bulletin board posts. No study has reported data on
characteristics of all users who register with an ISG.

Clinical Status

Four studies reported information about users' current or past
history of depression [15,19,20,33]. Assessments employed
included formal measures and self-reported status as well as
mental health statusinferred from the content of | SG posts. The
evidence suggeststhat the majority of depression 1SG usersare
consumers with depression or a history of depression and that
a substantial percentage (50-80%) are currently depressed on
formal assessment. In particular, Houston et a [15] found that
99% of respondents to a survey of depression ISG members
reported having received adiagnosis of depression from ahealth
professional, and 86% scored above the cutoff for depression
on the CES-D screening test for depression at the time of
completing the survey 1 to 2 months after joining the 1SG.
Powell et al [19] reported that 52% of ISG users had current
major depression as measured by the Maor Depression
Inventory and that 7% of respondents were friends or family
members of a person with depression. They argued that the
discrepancy between their findings and those reported by
Houston et a [15] may be due to differences in recruitment
methods employed in thetwo studies. The remaining two studies
reported the rates of self-identification or inferred depression
status from an analysis of posts[20,33]. Thefirst found that all
members posting on adepression | SG self-identified as suffering
from depression, [33] and the second, inferring the clinical status
of active users of a newsgroup from their posts, reported that
92% identified themselves as depressed and 2% as carers of
people with depression [20].

Clinical Treatments/Service Use

Two studies have reported data on depression | SG users’ receipt
of professiona treatments or services [15,19]. Houston et al
[15] reported a high level of such help, with 92% of 1SG
respondents to their survey currently receiving antidepressants
and 65% receiving counseling. 1SG users surveyed by Powell

http://www.jmir.org/2009/3/e4l/

et a [19] were less likely to have received professional help.
Reporting only on the 50% of depression | SG participants with
current major depression, the authors found that 26% were
currently receiving psychological treatment, 44% medication
for the condition, and 51% either psychological treatment,
medication, or both. Although 64% had consulted a health
professional in the previous year, one-third (34%) had never
received either treatment. Again, it isunclear if the discrepancy
in the results of these studies relates to differencesin the study
recruitment methods or to differential treatment rates in the
jurisdictions served by the ISGs[19].

Gender

Four studies analyzed the gender distribution of users
[15,19,20,22]. The results of these studies were mixed. Two
reported a preponderance of females (79% and 70%) [15,19],
and two reported more mal e users (61% and 66%) [20,22]. The
first two studies focused on bulletin boards, and gender was
based on self-report among survey respondents; the second two
studies involved newsgroups, and gender was inferred from
posts.

Age

Two studies reported on the age distribution of respondents.
These studies suggest that bulletin board users are commonly
between their mid- to late 20s and mid-40s. Houston et al [15]
reported that 21%, 49%, and 30% of bulletin board participants
were aged 18-29 years, 30-45 years, and over 45 years,
respectively. Powell et al [19] reported that 27%, 33%, 23%,
and 17% of participants were aged < 26 years, 26-35 years,
36-45 years, and over 45 years, respectively.

Other Demographics

Only one study evaluated other demographic characteristics of
depression | SG users. Houston et al [15] reported that 45% of
users had achieved acoll ege education, 42% were unempl oyed,
and 44% were married.

Source of Referral

Although one survey included aquestion about source of referral
to the depression 1SG, the authors did not report the findings
for thisitem [33].
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What |s Known About Depression | SG Usage?

Six studies (seven papers) provided some information about
usage of public depression 1SGs[8,15,17,18,20,22,27].

Posting Rate

Three studies reported the rate of posting on an 1SG, with
markedly differing results. For comparative purposes, we
converted these rates to posts per user per week. Reported rates
of posting varied from 0.3 [22] to 25.4 [27] per user per week.
More specifically, in studies of depression newsgroup posts,
Salem et a [20] reported 1.8 posts per user per week (533 users
over 2 weeks) and Fekete [22], 0.29 posts per user per week
(45 usersover a3-month period, 29 [64%] of these posting only
once). Alexander [27] found that the number of users and rate
of posting on a depression |SG varied across time and group.
Twelve months after commencement of the group, usage on
three different depression 1SGs was 5.6 (20 participants), 25.4
(21 participants), and 1.2 (69 participants) posts per user per
week. Usage of the ISGs also changed over time (see below).
Davison [8] reported that the highest-volume depression 1SGs
on America Online and the wider Internet yielded total weekly
posts of 124 and 389, respectively. However, the author failed
to report the number of users generating these posts.

Thread Length

Littleisknown about average thread length on depression | SGs.
Onegroup reported an average thread length of 8.04 posts across
61 threads randomly selected from an unspecified number of
threads posted during a 1-month period on a*“ particularly active
newsgroup,” with 60% of messages posted by 26 (22%) of the
participants [17].

Time Spent on 1 SGs

Only one study investigated the time members devote to
depression 1SGs. Over half (53.4%) of thel SG usersin the study
reported spending at least 5 hours on the depression 1SG over
a 2-week period in the early stages of their membership in the
group [15].

What Isthe Nature of Posts on Depression | SGs?

Eight studies (nine papers) provided some information about
the nature of depression ISG posts [17,18,20,22,27,29,31-33].
Four of these reported quantitative information about the
prevalence of different types of socia support in posts on atotal
of seven newsgroups [17,20,27,33]. Some of the latter studies
also coded for other characteristics, including the prevalence
of disclosure, help seeking, different types of knowledge [20],
and task maintenance [17,33].

Each employed apre-formulated system for coding the typology
of posts. Coding systemsincluded the Cutrona Support Behavior
Code [28] (studies [27,33]), an adaptation of a typology
devel oped by Raberts and collaboratorsfor face-to-face support
groups [21] (studies [20,21]), and a typology of social support
described by Cohen and Wills [25] (studies [17,27]). Each of
these systems differs subtly, rendering synthesis of study
findings difficult. For example, cognitive guidance messages
were coded as informational in some studies [17,27,33] but
separately inanother [20]. Esteem support and emotional support
were treated separately in two studies [27,33] but coded only
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in the category “esteem support” in another [17]. Studies also
differed with respect to the unit of analysis (thread vs post) and
whether the unit could be allocated a single code or multiple
codes. One study confined the analysis to messages that the
authors deemed “helping posts’ [20], and another limited the
analysisto avery small number of members designated as group
“leaders’ [27]. The characteristics of the depression 1SGs aso
differed across and within studies.

Social Support

The relative prevalence of different types of social support
varied across studies. However, overall emotional support was
common (mean 34%, range 22-48%, n = 5 groups).
Informational support also accounted for asubstantial proportion
of posts (mean 26.2, range 8-46%, n = 6 groups). In the single
study that investigated it [20], cognitive guidance accounted
for only a minority of posts (7.2%). Posts sharing experiential
knowledge (14%) were more common than posts containing
“second-hand” professional knowledge (3%) [20]. The only
study that reported prevalence of social companionship (eg,
social chit-chat) found that it accounted for almost one quarter
of posts[17]. Considering only the two studies that coded pure
self-esteem, one reported a substantial minority of self-esteem
posts (24%, [33]), whereas the other, which was confined to
postsof 1SG leaders, reported few self-esteem posts (5%, [27]).
Unlike other formsof social support, tangible support was absent
in 1SG posts [17,33].

Other Characteristics of Posts

Salem et al [20] reported that self-disclosure was common
(50.6%) but that only a minority of postsinvolved requests for
help (13%). Posts relating to the group structure and group
identification were also common (20%). However, in his study
of three depression 1SG groups, Alexander [27] identified
relatively low levels of task maintenance (eg, monitoring group
norms, keeping discussion on track; mean 5%, range 2-8%, n
= 3 groups) and relational maintenance (reinforcement of the
cohesiveness of the group; mean 9.3%, range 8-11%, n = 3).

In asyntactical and grammatical analysis of ISG posts, another
study reported that persona “I/me” references, feelings,
expressionsinvolving judgments of goodness/badness, adverbial
intensifiers, dichotomous expressions, retractions and
explanations were more frequently employed on a depression
I SG than a control group journalism discussion group [22].

What Predicts the Nature of Posts?

Salem et ad [20] found that high-frequency users were
significantly more likely to post socially supportive and
humorous messages, to agree with others, and to respond to
individuals as opposed to the group. However, they disclosed
less, sought less help, and offered less experiential and
second-hand knowledge than less-frequent | SG users. Salem et
al [20] aso investigated difference in posts according to the
inferred gender of the user. A larger percentage of men's posts
were experiential, whereas women's posts were more likely to
involve group structure and process.
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Are Users Satisfied With Depression 1SGs?

Only one study hasformally measured level of satisfaction with
adepression 1SG [33]. Based on asurvey posted on adepression
I SG, the authors reported that memberswere extremely satisfied
with the group (score 6.47 out of 7). The response rate
represented 26% of 74 members posting during the period the
survey was available.

Why Do MembersUse | SGs?: Perceived Benefits and
Disadvantages

Three studies systematically investigated the nature of benefits
and/or the reason for participating in a depression 1SG
[15,19,33]. They provide some evidence that emotional support
and information are perceived by members as an advantage of
depression ISGs and that these groups are perceived to be
effective in reducing depressive symptoms. There is little
evidence concerning the disadvantages of 1 SGs.

In particular, Houston et al [15] reported that emotional support
was the most commonly cited reason for participating in a
depression ISG. Of the 103 members who participated in their
survey, 98 (95%) reported that the 1SG had helped their
symptoms. Powell et al [19] found that of those members who
visited a depression ISG more than once and completed an
online survey, the mgjority (71%) reported having learned “more
about medication,” half indicated that they were“ able to discuss
subjects that they felt unable to discuss elsewhere,” and 44%
indicated that they “felt lessisolated” dueto their participation
inthe 1 SG[19]. There were also positive effects on formal help
seeking (see below). Finally, Alexander et a [33] reported that
user-cited benefits of a depression 1SG were freely given
support, caring, and affirmation from other members, the
provision of an outlet for expression, and a place to turn when
alone. Although the authors requested that users also indicate
the aspects of the depression 1SG they liked least, userstypically
replied that the groups did not require any improvement.

Do Depression 1 SGs I mprove Outcomes?

Two studies have investigated the effectiveness of depression
ISGs for improving outcomes [15,16], in particular for
depression [15,16], anxiety [16], quality of life[15], and social
support [15]. As noted by Griffiths et a [10], the studies
employed different designs, recruitment procedures, and 1SG
types and yielded different findings for depression, with one
reporting a decrease in depressive symptoms among fregquent
public ISG users relative to low-frequency users and the other
showing no significant reduction in depressive symptoms
following participation in a research 1SG. The only study to
examine the effect of an 1SG on anxiety symptoms yielded no
changefollowing participationin aresearch 1SG [16]. Thelatter
study aso failed to find a change in quality of life following
participation in the research I1SG. There was no effect of
participation on social support [15].

There were no observational or experimental studies of the
effect of depression |SG participation on other outcomes such
as knowledge of depression, attitudes to depression,
self-efficacy, self-esteem, behaviors, or user empowerment.
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Does Participation in Depression | SGs Affect Formal
Help Seeking?

Little is known about the effect of 1SGs on the use of other
health services. However, Powell et a [19] found that over
one-third (37%) of participants in their survey reported that
participation had encouraged them to seek professional help,
although a small minority considered that their participation
had delayed such a consultation (9%) or reduced their trust in
their doctor (11%) [19].

What Arethe Similarities and Differences Between
Face-to-Face Support Groups and 1 SGs?

No study hasdirectly compared face-to-face and online support
groupsin asingle trial. However, one group [20] did compare
their findings from a depression ISG with those from a
previously reported study of aface-to-face group [21].

Type of Interaction

Basing their coding system on that used in the interactions in
the face-to-face support group, the researchers concluded that
there were similarities and differences between the nature of
| SG and face-to-faceinteractions. In each, “ positive, supportive”
statements were more frequent than negative comments.
However, self-disclosure, which was rarely seen in the
face-to-face group, was the most common type of
communication in the |SG group. The authors[20] asserted that
this difference was unlikely to be due entirely to differencesin
anonymity in the two formats since many users employed their
own identities on the 1SG. Rather, they proposed that the
absence of physical cues minimizes perceived differences
between members and allows participants to focus on the
communication and their shared concerns. A second difference
between | SG and face-to-face groups wasthat whereasfor | SGs
advice and information and emotional support were more
common than cognitive guidance (of the type used in
conventional therapy), the reverse was true for face-to-face
interactions.

Demographic and Other Characteristics

The authors of the above study [20] also concluded that the
gender composition of 1SGs and face-to-face groups differed.
They noted that whereas more women than men use face-to-face
mutual support groups, 61% of 1SG members in their study
weremale. However, as already noted, they inferred rather than
directly collected gender information in their 1SG study. It is
possible that men were more likely to disclose their gender
online.

Do ISGsfor Depression Differ From | SGsfor Other
Conditions?

Seven studies have provided some comparative information
about 1SGs for depresson and other conditions
[8,18,22,27,29,31,33]. These have provided data on the
differencesin post frequency (n = 1), post content (n = 4), 1SG
structure (n = 1), and satisfaction with the ISG (n = 1).

Activity

Davison [8] investigated the extent of participation (number of
posts over a 2-week period) as a function of different types of
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ISG. Depression 1SGs were the third and fourth most active
| SGs on America Online and the general Internet, respectively.

Content

Some differences have also emerged with respect to the typology
of the posts for depression and other online groups.

Alexander et a [33] compared the frequency of types of social
support on adepression, Alcoholics Anonymous (AA), attention
deficit disorder (ADD), and cancer 1SG. Whereas emotional
support was the most common type of support provided on the
depression 1SG, informational support was the most common
support on each of the other three 1SGs. The extent to which
these differences were due to the nature of the condition
supported by the ISG as opposed to the smaller membership
and greater homogeneity of the depression group isunclear. In
another study, Alexander et al [27] compared the type of social
support seen on | SGsfor eight different conditions, one of which
was depression. Three different 1SGs were analyzed for each
condition. However, it was difficult to draw conclusions about
the comparative frequency of different types of support across
conditions due to the variability in the results between groups
within the same condition. |n addition, since only the messages
of “leaders’ were coded and there were few of thesein anumber
of instances, the generalizability of the results to all members
isunclear. In another study of the content of discussions, Macias
et a [31] compared the nature of posts on | SGsfor depression,
panic/anxiety, breast cancer, prostate cancer, infertility,
HIV/AIDS, arthritis, type |1 diabetes, high cholesterol, irritable
bowel syndrome, and obesity/overweight groups. They reported
that the depression | SG participants were the most likely to seek
and provide advice but were among theleast likely of the groups
to discuss medical treatments and procedures. The depression
group did not differ from the other | SGs with respect to seeking
encouragement, expressing concern, or providing personal
information not related to theillness.

Fekete [22] anadyzed the syntacticd and grammatical
characteristics of a depression, suicide, and panic ISG and a
journalism discussion group. Compared to the other three
groups, the depression participants were significantly more
likely to make value judgments (goodness-badness,
right-wrong). They were also significantly more likely than the
journalism group to use dichotomous (polarized) expressions
such as “aways’ or “never,” to provide a reason for their
thoughts, beliefs, or actions (“because,” “therefore”), to use
words retracting another statement (eg, “but,” “on the other
hand,” “except”), and to refer to themselves (“I,” “me”). The
depression group was more likely to use adverbial intensifiers
(“I really likeit”) and to expressfedings (eg, “1 love,” “I hate”)
than the journalism or panic groups. The suicide group used
significantly more negative (“no,” “never”) and dichotomized
expressionsthan did the depression group. In another study that
analyzed thetermsin a post, Witt [29] compared the content of
a depression and smoking 1SG using a computerized rating
system of four bipolar dimensions. emotion, cognition, contract,
and performance (see [30]). She concluded that compared to
the smoking group, the depression group’s language
incorporated more negative affect (emotion negative) and that
the depressive group was more active in asking for help
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(negative cognition) and offering help and information (positive
cognition).

Network Analysis

In a comparison of the structure of a depression and a diabetes
I SG using network analysis, Muncer et a [18] reported that the
depression | SG networkswere “ denser and morevibrant,” more
likely to involve “cliques,” and more likely to be characterized
by social support than the diabetes group, in which participants
were more likely to exchange information.

Satisfaction

Alexander et al ([33], see above) found that participantsin the
depression 1SG reported a higher level of overal satisfaction
than did the members of the AA or ADD ISGs. The depression
group a so reported higher satisfaction with esteem support than
did the AA, ADD, or cancer group members.

How Do Depression | SGs Change Over Time?

Only one study has investigated change associated with 1SGs
over time[27]. Thetrend in the pattern of posts over timevaried
across depression groups, with one steadily decreasing, one
increasing, and the third decreasing initially and then leveling
out. Similarly, there were no consistent patterns of change across
three depression groups in type of socia support over a 1-year
period.

What Predicts Adherenceto | SGs?

Andersson et al [16] reported a withdrawal rate of 18% over a
period of 10 weeks among participants in a stand-alone
depression | SG created as part of aresearch protocol, afigure
that was lower than the dropout recorded for an online cognitive
behavioral therapy program over the same period. There have
been no other reports of adherence rates for depression 1SGs
and no studies of the predictors of 1SG adherence.

Preferencesfor 1SG Support Compared to
Face-to-Face Counseling?

Of those depression |SGs users responding to a survey, 38%
indicated that they preferred I1SG support to face-to-face
counseling, approximately half (51%) preferred counseling, and
the remainder expressed no preference [15].

Discussion

Findings

The systematic search yielded only 13 relevant studies for the
period under study. These studies addressed a range of issues,
including efficacy, user characteristics, activity levels, the nature
of online interactions, satisfaction, and reasons for visiting
depression 1SGs. They also compared ISG activity and
interactions over time and across conditions. However, the
available data on each of these facets of depression |SGs were
limited either due to the small number of studies undertaken,
to methodological limitations, or both.

For example, little is known about the demographic
characteristics of users, and although there have been four
studies of gender distribution, results have been mixed and the
methodology employed inadequate. Data that have been
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collected on clinical characteristics of users suggest that a
majority of 1SG users have a history of depression and that a
substantial percentage of those with current depression were
receiving concurrent conventional depression treatments. The
latter finding suggests that 1SGs often serve as an adjunct to,
rather than a replacement for, formal help seeking. However,
one study did find that one-third of members with a current
depressive disorder had never received formal treatment [19].
Together with evidence that many members report that a
depression | SG facilitated their help seeking [19], this finding
raisesthe possihility that depression | SGs may be afertile setting
in which to encourage formal help seeking. There are no
available data concerning the means by which usersarereferred
to or arrive at 1SGs.

Although seven papers provided information about usage of
depression 1SGs, overall posting ratings varied across studies
and there were insufficient studies to draw conclusions about
thread length and time spent on depression 1SGs. The strongest
focus for depression 1SG research has been on the nature of
posts (eight studies, of which four investigated types of social
support). The primary types of social support provided on
depression 1SGs were emotional, informational, and social
companionship. Inthe one study that coded for it, self-disclosure
was high. The effect of self-disclosure, including its potential
advantages and disadvantages, has not been explored in the
depression ISG domain, athough there is evidence that
high-frequency users are less likely to disclose [20] and that
disclosureishigher on 1SGsthan in face-to-face support groups.
There would also appear to be differences across conditionsin
the typology of posts and structure of 1SGs. However, it is
difficult to determine the extent to which variations across
conditions in ISG interactions and structure are attributable to
differences in the conditions or other factors (eg, size of the
group, duration of group). One study reported variations across
I SG depression groupsin activity and type of interactions over
time, with no consistent pattern evident across the groups.

Thelack of efficacy studies of depression | SGs has already been
discussed in the companion paper to this study [10]. There was
asimilar gap in evidence concerning the impact of depression
ISGs on other well-being and mental health outcomes.
Moreover, there were no observational or experimental studies
of the effect of these support groups on user knowledge, user
behaviors, or user attitudes.
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Nevertheless, there is some evidence that users believe
depression ISGs are useful. The single study to formally
investigate user satisfaction with depression 1SGs reported
satisfaction to be high both in absolute terms and relative to
ISGs for other health conditions. However, member response
rate in this study was low, so it is unclear if the results are
representative of all members. There is some evidence that
depression 1SG members perceive emotional support [15,33],
information [19], and effectiveness in improving mood [15] as
advantages of their depression |1SG, but again these results may
not be representative of all users. Significantly, there is little
evidence concerning the disadvantages of 1SGs despite the
practical importance of thisissue.

It is notable that none of the studies addressed the question of
what factors promote greater acceptability of and satisfaction
with depression | SGs, retention of members, activity levels, or
efficacy of depression 1SGs. No studies systematically
mani pulated variables such as group size, presence or absence
of amoderator, level of moderator participation, content of the
board rules, or level of 1SG accessihility to evaluate the effect
of these on process or outcome variables. Moreover, there were
no comprehensive user reports addressing these issues or
naturalistic comparative studies of groups differing in these
attributes. 1t is notable that despite the potential relevance of
depression | SGs to specific target groups such as adolescents,
who are high users of social networking technologies, and older
people and rural residents, whose access to other forms of
peer-to-peer mutual support may be limited, there are no
published studies of the use of ISGs by these populations.
Without such studies, organizations or individuals planning or
providing depression | SG services must do so without the benefit
of an evidence-based framework.

Conclusions

The conclusions from this study are clear. There is a need for
high-quality research, both quantitative and qualitative, to
investigate all aspects of 1SGs as they relate to depression.
Currently, the evidence is not of sufficient quality or strength
toinform decision making by consumers, | SG providers, health
professionals, policy makers, or funding bodies considering the
use of 1SGsfor depression. Given the popularity of peer-to-peer
depression | SGs, appropriately targeted studies of these mutual
support groups has the potential to contribute substantially to
the identification, design, and implementation of suitable
self-care models for depression.
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Abstract

Background: Effectiveinterventionsare needed to reduce the chronic disease epidemic. The Internet hasthe potential to provide
large populations with individual advice at relatively low cost.

Objective: The focus of the study was the Web-based tailored physical activity intervention Active-online. The main research
questionswere (1) How effective is Active-online, compared to a nontailored website, in increasing self-reported and objectively
measured physical activity levelsin the general population when delivered in area -life setting? (2) Do respondents recruited for
the randomized study differ from spontaneous users of Active-online, and how does effectiveness differ between these groups?
(3) What is the impact of frequency and duration of use of Active-online on changesin physical activity behavior?

Methods: Volunteers recruited via different media channels completed a Web-based baseline survey and were randomized to
Active-online (intervention group) or anontailored website (control group). In addition, spontaneous userswererecruited directly
from the Active-online website. In a subgroup of participants, physical activity was measured objectively using accel erometers.
Follow-up assessments took place 6 weeks (FU1), 6 months (FU2), and 13 months (FU3) after baseline.

Results. A total of 1531 respondents completed the baseline questionnaire (intervention group n = 681, control group n = 688,
spontaneous users n = 162); 133 individuals had valid accelerometer data at baseline. Mean age of the total sample was 43.7
years, and 1146 (74.9%) were women. Mixed linear models (adjusted for sex, age, BMI category, and stage of change) showed
a significant increase in self-reported mean minutes spent in moderate- and vigorous-intensity activity from baseline to FU1
(coefficient = 0.14, P=.001) and to FU3 (coefficient = 0.19, P < .001) in al participants with no significant differences between
groups. A significant increase in the proportion of individuals meeting the HEPA recommendations (self-reported) was observed
in all participants between baseline and FU3 (OR = 1.47, P = .03), with a higher increase in spontaneous users compared to the
randomized groups (interaction between FU3 and spontaneous users, OR = 2.95, P = .02). There were no increases in physical
activity over timein any group for objectively measured physical activity. A significant relation was found between time spent
on the tailored intervention and changes in self-reported physical activity between baseline and FU3 (coefficient = 1.13, P = .03,
intervention group and spontaneous users combined). However, this association was no longer significant when adjusting for
stage of change.

Conclusions: In a real-life setting, Active-online was not more effective than a nontailored website in increasing physical

activity levelsin volunteersfrom the general population. Further research may investigate ways of integrating Web-based physical
activity interventionsin awider context, for example, primary care or workplace health promotion.

http://www.jmir.org/2009/3/e23/ JMed Internet Res 2009 | val. 11 | iss. 3 |e23 | p.34
(page number not for citation purposes)


mailto:Miriam.Wanner@baspo.admin.ch
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2009;11(3):€23) doi:10.2196/jmir.1179

Wanner €t d

KEYWORDS

Effectiveness; tailored intervention; adults; Internet; physical activity

Introduction

To reduce the burden of chronic disease and premature death
due to an inactive lifestyle [1-3], interventions are needed that
are effectivein enhancing physical activity levelsin the general
population. In Switzerland, the heath-enhancing physical
activity (HEPA) recommendations advocate at |east 30 minutes
of moderate activity on most, preferably all, days of the week
or at least 20 minutes of vigorous activity on three or more days
of the week [4]. However, only 36% of the adult population in
Switzerland meets either of these recommendations [5]. Thus,
effective interventions reaching large numbers are required.

Computer-tailored interventions simul ate apersonal counseling
situation by providing individual feedback based on the
behavior, motivation, and attitudes of the user [6]. Tailored
interventions of the first generation (using print materials for
assessment and dissemination) have been effective in inducing
behavior changes for smoking [7,8], nutrition [9,10], and
physical activity [11-15]. Second-generation interventions use
the advantages of the Internet—interactivity, availability at any
time from any place, and immediate display of feedback—to
potentially reach large populations at relatively low cost.

To date, studies investigating the effectiveness of
second-generation Web-based tailored physical activity
interventions have either been carried out in small confined
populations [16-18], have not used truly tailored information
but materials targeted to the stages of change [19,20], have
looked at only short-term effects [21], or have been carried out
in optimized and controlled settings such as computer labs[22].
Results from these studies were mixed [23,24]. Interventions
shown to be effective in controlled settings may still be
ineffectiveif delivered in an uncontrolled, real-life setting. The
potential public health impact of Web-based computer-tailored
interventions can only be estimated if their effectiveness is
tested under real-life conditions. Thus, studies evaluating online
physical activity interventions in real-life settings are now
needed. To our knowledge, there is only one individually
tailored Internet-based intervention targeting physical activity
that has been evaluated in two samples of the general population
in areal-life setting, showing mixed results [25,26].

Intensity of intervention use may be associated with induced
physical activity changes [27]. However, little is known about
the impact of frequency and duration of intervention use on the
effectiveness of a Web-based tailored physical activity
intervention. This may be an important issue for the
interpretation of results from real-life effectiveness studies.

The focus of the present study was a Web-based tailored
physical activity intervention that is freely accessible on the
Internet [28]. Active-online was tested for its acceptability and
feasibility before the final version went online in 2003 [29].
The main research questions were (1) How effective is
Active-online, compared to a hontailored website with general

http://www.jmir.org/2009/3/e23/

information on physical activity and health, in increasing
self-reported and objectively measured physical activity levels
in the general population when delivered in areal-life setting?
(2) Do respondents recruited for the randomized study differ
from spontaneous users of Active-online, and how does
effectiveness differ between these groups? (3) What is the
impact of frequency and duration of use of Active-online on
changesin physical activity behavior?

Methods

Study Design, Setting, and Participants

Participants for this Web-based study were recruited by
adverti sementsin newspapers, in magazines, and on the I nternet.
They were invited to take part in a physical activity study and
were given the link to the study website (with a domain name
different from the one of the intervention). At the same time,
spontaneous userswere recruited directly from the Active-online
website by redirecting them to the study website if they chose
to participate in the study. The study was carried out in German,
and recruitment lasted from May 1 to August 2, 2006. Based
on sample size calculations assuming an increase in meeting
the HEPA recommendations of 30% in the intervention group
and 20% in the control group (alpha = .05, power = 0.8), 250
participants were required per group. Assuming a realistic
loss-to-follow-up in a Web-based survey without face-to-face
contact of about 50% over 1 year [30], this number doubled to
500 participants per group.

Interested individuals could access the study website from any
computer with Internet access. |nformation regarding the study
and all study questionnaires were provided there. Individuals
completing the baseline questionnaire and leaving their email
address were registered. Mediarecruited participants were
randomly allocated to either the intervention group (1G) or the
control group (CG) and were forwarded to Active-online or the
nontailored website, respectively. Spontaneous users (SU) were
included as a separate study group but followed the same study
protocol asthe IG.

Respondents could volunteer to take part in accelerometer
measurements viaan additional Web page that they were routed
to after the baseline questionnaire, depending on the availability
of accelerometers. Volunteers were not forwarded directly to
the intervention websites but were sent an accelerometer to
obtain baseline measurements and had to return a separate
written consent form. Only after the accelerometer was returned
was an email sent out with a link to Active-online or the
nontailored website.

Randomization was carried out using random numbers provided
by the University of Geneva's online service [31] based on a
physical quantum random number generator. Participants were
not aware of the group they were randomized to. The study
website with all the study questionnaires was kept strictly
separate from Active-online, using two different domains, in

JMed Internet Res 2009 | val. 11 |iss. 3 €23 | p.35
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.1179
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

order to minimize the chance of controls getting involved with
Active-online.

Email addresses were used to identify and contact participants
at follow-up. All participants were followed up 6 weeks (FU1),
6 months (FU2), and 13 months (FU3) after the baseline
assessment, receiving a maximum of three email invitations
each time with a personal link referring them back to the study
website.  Those volunteers having participated in the
accelerometer measures at baseline were asked to repeat
accelerometer measures at each follow-up in addition to the
online questionnaires. Individualsin the |G and SU additionally
received three reminder emails with a personal link to
Active-online between FU2 and FU3 at 9, 10, and 11 months

Figure 1. Study procedure for each group

Wanner €t d

after the baseline assessment, encouraging them to revisit
Active-online. The study procedure is depicted in Figure 1
according to group. The study used an automated design with
emails automatically timed to each participant’s starting date.
Therewere no face-to-face contacts. The study design had been
tested in afeasibility study [32]. Asincentives, two city bikes
were being raffled among the participants who completed the
study. The study was approved by the ethics commission of the
canton of Berne, Switzerland. The trial was not registered as
the funding agency (Swiss Federal Council of Sports ESK) did
not request atrial registration and we were not aware when the
study started in 2006 that web-based trial s should be registered.
Inlieu of tria registration, we append the original application
for funding, containing the protocol (Multimedia Appendix 1).

spring summer fall winter spring summer fall
non-tailored
website
Control group ¢
tailored 3 reminder emails to visit
intervention tailored intervention
Intervention group ¢ L L ¢
tailored 3 reminder emails to visit
intervention tailored intervention
Spontaneous users ¢ L ¢ ¢
Baseline Follow-up 1 Follow-up 2 Follow-up 3
6 weeks 6 months 13 months

after baseline

Tailored | ntervention and Standard Website

Active-online is an interactive, individually tailored physical
activity program targeting individuals aged 30 to 60 years. It
has been freely available on the Internet since 2003. The aim
of the program is to increase physical activity levelsin users
by offering individually tailored counseling and motivational
feedback. The program was developed in German by an
interdisciplinary team of expertsin public health, sport sciences,
psychology, design, and computer science, and then translated

http://www.jmir.org/2009/3/e23/

RenderX

after baseline after baseline

and culturally adapted for French and Italian audiences. The
theoretical framework of the program is the transtheoretical
model of behavior change[33]. Visitors may choose one of two
tailored modules, either on everyday activities and endurance
training or on strength and flexibility training. Figure 2 shows
a screenshot of the Active-online page where one of the two
modules can be selected. The first module offers a maximum
of four tailored feedbacks using questionnaires on stages of
change, decisional balance, processes of change, and
self-efficacy. Stages of change are assessed according to a
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seven-stage concept focusing on current behavior (moderate-
and vigorous-intensity activity) aswell ason intention to change
[34]. The decisional balance and self-efficacy scales are based
on instruments of Basler et al [35], and the processes of change
scale on instruments of Marcus et a [36], and Nigg and Riebe
[37]. Depending on their current stage of change, visitors are
guided trough one, three, or four sections of the module. More
informationisavailablein Martin-Diener et a [34]. Themodule
on strength and flexibility training offers a maximum of two
tail ored feedbacks based on questionnaires ng five stages
of change aswell as attitudes and knowledge regarding strength
training. Thefeedback for flexibility training isbased on current

Figure 2. Screenshot of the tailored intervention
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behavior. Based on answersto these " diagnostic” questionnaires,
short text segments are selected from the feedback library,
compiled into unique individual feedback, and displayed
immediately on screen. Feedback reports are available in a
printer-friendly format. Additional support tools, such as
strength and stretching exercise sheets, and organizational and
motivational download forms, are provided.

Users may visit Active-online without registering, or they may
register with their email addressto obtain apassword. Registered
users have the possihility of following changesin their physical
activity behavior when revisiting the website. They alsoreceive
reminder emails encouraging them to revisit Active-online.
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2| Meistbesuchte Seiten -.'l Google
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[ ]
]
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HK ! “
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Bitte wahlen Sie ein Programm aus, Der Zeitaufwand fir ein Motivationsprogramm ist
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Bewequng im Alltag / Ausdauertrainin Kraft und Bewealichkeit
E [ ]
: :w’
4 ? e
Ihre Angaben und Ihre Daten bleiben geschitzt!
| Fertig @

Participantsin the CG were forwarded to a nontail ored website
with general information on physical activity and health with
no additional reminder emails. This was a static website with
some tips on how to include more physical activity in daily life
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and some information regarding positive health effects of
physical activity. Figure 3 shows ascreenshot of the nontailored
website.
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Figure 3. Screenshot of the standard website for the CG
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® Sie erholen sich nach starkerer Anstrengung schneller,

e Sie konnen Thr Gewicht leichter kontrollieren,

® Sie haben die Gelegenheit, neus Bekanntschaften zu machen,
e Sie sind zufriedener mit sich selbst,

-

| Fertig

M easures

The online basdline questionnaire included questions on
demographics, physical activity behavior, stage of change,
self-efficacy, and general and mental health. Data are only
presented for physical activity. Physical activity was assessed
using a short questionnaire with four items on frequency and
duration of moderate- and vigorous-intensity activity that is
used in the official monitoring of physical activity in the Swiss
population [38]. These questions allow the calculation of total
minutes of moderate- and vigorous-intensity activity per week
(total reported activity time) and the classification of participants
according to the HEPA recommendati ons as outcome measures.
Reported times exceeding 8 hours per day or 40 hours per week
of moderate-intensity activity and 5 hours per day or 17.5 hours
per week of vigorous-intensity activity were set to missing.
Truncating these high values instead of setting them to missing
did not change the results. Demographic variablesincluded age,
gender, living situation, highest education, nationality, smoking
status, height, and weight. Body mass index (BMI) was
calculated as weight (in kg) divided by height (in meters
squared) and categorized as < 18.5, 18.5 to < 25, 25 to < 30,
and = 30 kg/m?. The same questionnaire (except demographic
variables) was used in the follow-up assessments.

Accelerometers (Actigraph models AM7164 and GT1M,
formerly Computer Science and Applications, now
Manufacturing Technology Inc, Fort Walton Beach, FL, USA)
were used for objective physical activity assessment. The
accelerometers have been validated in earlier studies [39,40].
Participantswere asked to wear the accel erometer on their right
hip during waking hoursfor a7-day period at baseline and each
follow-up. A minimum of 4 dayswith at least 10 hours per day

http://www.jmir.org/2009/3/e23/
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of data recording, including one weekend day, were required
to be included in the analysis. The data collected by the
accelerometers are a series of counts integrating vertical
acceleration over a specified timeinterval (epoch time). Epoch
time was set to 1 minute. Cut-off points developed by Swartz
et al wereused to classify light (< 573 counts/minute), moderate
(574-4944 counts/minute), and vigorous activities (= 4945
counts/minute) [41]. These cut-offs were chosen because they
were derived using awide range of lifestyle activities and may
prove applicable for predicting time spent in different intensity
categories during free-living activities [42]. Mean counts per
minute over the recording period and minutes of moderate and
vigorous activity per week according to accelerometer data
(total accelerometry activity time, only bouts of at least 10
minutes) were cal cul ated.

Dataregarding the use of Active-onlinefor the |G and SU were
obtained from the Active-online user database. Each visit tothe
website was recorded, including start date and time, end date
and time, number of pages viewed, etc. Participants were
provided with a password to re-enter Active-online in order to
track their repeated visits. Use of the nontailored websitein the
CG was not measured.

Statistical Analyses

Minutes of physical activity were positively skewed and were
log-transformed for analysis. Chi-square tests for categorical
variables and t-tests for continuous variables were used to
compare responders and nonresponders and to compare
differences between 1G and CG and between |G and SU at
baseline. Inapreliminary analysis, paired t-testsand McNemar
tests were applied, respectively, to compare changes in total
activity time and changes in the proportion meeting the HEPA
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recommendations between baseline and each FU and for each
group separately. Mixed logistic and mixed linear modelswere
used to simultaneously analyze the effects of time and group
alocation on the proportion meeting the HEPA
recommendations and on total activity time, respectively,
including gender, age, BMI category, and stage of change at
baseline as covariates in the adjusted model. Stage of change
was included to account for baseline motivation to change. The
inclusion of time-group interaction terms in mixed models
allowsidentification of potential differencesin changes between
groups at any time point. Changesin total reported activity time
wereanalyzed for al participants and separately for participants
meeting and not meeting the HEPA recommendations at
baseline, because the latter are those most in need of effective
interventions to increase their physical activity behavior.
Participants were analyzed as randomized.

The impact of the use of Active-online on changesin physical
activity behavior in the IG and SU was analyzed with a linear
regression model including the difference in total reported
activity time between baseline and FU3 as the dependent
variable and the minutes spent in the tailored intervention as
the independent variable, including gender, age, BMI category,
and stage of change at baseline as covariates in the adjusted

http://www.jmir.org/2009/3/e23/
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model. STATA 9.2 (STATACorp LP, College Station, TX,
USA) was used for all analyses.

Results

Participants

Intotal, 1919 respondentsrecruited viadifferent mediachannels
and 220 respondents recruited via the Active-online website
started the baseline survey on our study website; 1401 and 168,
respectively, finished the survey and were registered as
participants (Figure 4). We excluded 38 respondents due to
technical problems; 1369 were randomized into the IG (n =
681) or the CG (n = 688), and 162 were registered as SU (7.4%
of al visits recorded in the Active-online user database during
the recruitment period). The response is shown in Figure 4
according to group alocation and follow-up. No differencein
response was seen at FUL. At FU2, response was significantly
lower in the IG compared to CG, and in SU compared to I1G.
At FU3, response was significantly lower in both the IG and
SU compared to CG, with no significant difference between IG
and SU. Depending on availability of accelerometers, 326
participants (21.3%) had the choice to wear an accelerometer.
Of those, 144 (44.2%) agreed to take part in the objective
measures, corresponding to 9.4% of the total sample.
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Figure 4. Participant flow: recruitment channels, randomization, baseline, and follow-up assessments

Recruitment of participants for randomized
study via media
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Recruitment of spontaneous users
of active-online

started baseline did not complete started baseline did not complete
survey baseline survey survey baseline survey
1919 518 (27.0%) 220 52 (23.6%)
completed baseline technical completed baseline technical
survey problems survey problems
1401 (73.0%) 32 (1.7%) 168 (76.4%) 6 (2.7%)
Randomized
1369 (71.3%)
Control group (CG): Intervention group Spontaneous users
forwarded to (IG): forwarded (SU): forwarded
non-tailored website to active-online to active-online
688 681 162
Responded to FU1 Responded to FU1 Responded to FU1
- = -
552 (80.2%) P=62 539 (79.1%) P=29 122 (75.3%)
Responded to FU2 Responded to FU2 Responded to FU2
-¢ L -
508 (73.8%) P=.03 467 (68.6%) P=.049 98 (60.5%)
Responded to FU3 Responded to FU3 Responded to FU3
-t L -
453 (65.8%) P<.001 331 (48.6%) P=.34 72 (44.4%)
Responded to all FU Responded to all FU Responded to all FU
-¢ L -
399 (58.0%) P<.001 289 (42.4%) P=.16 59 (36.4%)

Table 1 displays the baseline characteristics of thetotal sample  significantly younger (38.8 versus 44.2 years, P < .001), more
and of each group separately. There were no significant likely to be smokers (23.5% versus 12.8%, P < .001), and less
differences in demographic variables between the randomized likely to beliving with children (38.9% versus 53.5%, P <.001).
groups (IG and CG). However, compared to the |G, SU were
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Table 1. Characteristics of participants at baseline according to group?
Self-Reported Measures Total (n=1531) CG (n=688) IG(n=681) P(IG-CG) SU(N=162) P(IG-SU)
Demographic variables
Female (%) 74.9 75.9 74.7 .63 71.0 .33
Age, years 43.7+13.1 442+ 128 442 +13.3 .99 38.8+13.0 <.001
Age groups (%) 32 <.001
< 30 years 16.2 138 153 30.3
30-60 years 72.9 75.6 721 64.8
> 60 years 10.9 10.6 12.6 49
Living with a partner (%) 70.0 70.4 70.8 .86 65.4 .18
Living with children (%) 53.2 56.3 535 .30 38.9 .001
Swiss nationality (%) 87.3 86.2 88.6 .19 86.4 45
University degree (%) 24.9 252 241 65 27.2 41
Health-related variables
Smokers (%) 131 10.9 12.8 28 235 .001
BMI, kg/m? 246+46 245+45 248+46 .38 24546 57
Overweight and obese (%) 39.3 38.3 411 .30 36.4 .28
Physical activity-related variables
Meeting HEPA recommendations (%) 40.8 404 40.9 .84 422 75
Total reported activity time, minutes/week 277 + 253 276 + 256 276 + 258 .99 283+ 222 .76
Objective Measures Total (n=133) CG (n=52) IG (n=62) P(IG-CG) SU (n=19) P(1G-SU)
Objective physical activity
Mean counts per minute 451 + 186 450+ 176 457 + 196 .85 436 + 193 .69
Total accelerometry activity time, 377+ 214 383+ 211 383+ 227 .99 341 +183 47

minutes/week

A/alues are mean + SD unless otherwise noted.

There were significant differences in some variables between
participants who responded to each follow-up (responders) and
those who did not respond to at least one follow-up
(nonresponders). Nonresponders were slightly younger, less
likely to be Swiss, more likely to be smokers at baseline, more
likely to be overweight or obese, and less likely to meet the
HEPA recommendations at basdline. The subgroup of
participants with accelerometers (n = 144) were slightly older,
more likely to live with children, and more likely to be
overweight or obese than those not participating in the
accelerometer part of the study.

Sdf-Reported Physical Activity

When including those participants with complete data for all
four time points (n = 736), significant increasesin the proportion
of participants meeting the HEPA recommendations were

http://www.jmir.org/2009/3/e23/

observed in SU between baseline and FU1 (P = .045) and FU3
(P=.002). Nonsignificant increases between baseline and FU3
were seenin the |G and CG. Changesin total reported activity
time per week between baselineand FU3 are depicted in Figure
5 according to group, for all participants with complete data (n
= 736) and separately for those individuals meeting (n = 336)
and not meeting (n = 400) the HEPA recommendations at
baseline. When including only those participants who did not
meet the HEPA recommendations at baseline, total reported
activity timeincreased significantly in al groups. Theincreases
observed in these insufficiently active individuals exceeded the
increase observed in al participants; thus, a decrease in total
reported activity time was found in those individuals meeting
the HEPA recommendations at baseline. The decrease was
significant in the CG.
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Figure5. Changesin total reported activity time (minutes/week) between baseline and FU3 according to group, for all participants with complete data
(n=736) and separately for those meeting (n = 336) and not meeting (n = 400) the HEPA recommendations at baseline
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Table 2 shows the percent changes in the proportion meeting
the HEPA recommendations and changes in total reported
activity time between baseline and each follow-up according
to group, including those participants who responded to the
specific follow-up. A significant increasein individual s meeting

the HEPA recommendations was observed in SU between
baseline and FU3. Total reported activity time was generally
lower at FU2; however, there were no significant changes at
any follow-up or in any group.

Table 2. Percent changes in self-reported physical activity between baseline and each follow-up according to group?

Baselineto P Baselineto P Baselineto P
FU1 FU2 FU3
M eeting HEPA recommendations
CG +2.2% 27 -0.8% 71 +3.8% A2
IG +2.3% 27 -1.7% 45 +4.0% 21
SuU +7.4% A1 -2.0% .69 +18.3% .005
Total reported activity time (minutes/week)
CG +4.8% ] -3.7% .27 +4.5% .25
IG +4.7% 14 -2.6% .52 +3.4% .51
SuU +9.6% A1 +4.9% 48 +15.4% 19

8Results are based on participants with complete data at two time points (see Figure 4 for number of participants).

Table 3 shows the results from mixed logistic and mixed linear
modelsfor all participants, eval uating simultaneously the effect
of time and group alocation. Therewere no differences between
groups regarding the HEPA recommendations;, however, a
borderline significant increase in total reported activity time
was found for SU compared to the CG. Irrespective of group
allocation, participants were significantly more likely to meet

http://www.jmir.org/2009/3/e23/

the HEPA recommendations at FU3 compared to baseline, and
asignificant increasein total reported activity timewas observed
between baseline and FU1 aswell as between baselineand FU3.
Therewas asignificant interaction between FU3 and SU in both
the unadjusted (OR = 2.83, P=.03) and adjusted | ogistic model
(OR =2.95, P=.02), indicating that the proportion meeting the
HEPA recommendations was significantly higher in SU
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compared to the randomized groups at FU3. There were no
interactions between time of follow-up and group allocationin
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themixed linear model, indicating that there were no differences
in total reported activity time between groups at any follow-up.

Table 3. Time and group parameters for changes in physical activity, based on mixed logistic and mixed linear models?

Meeting HEPA Recommendations

Total Reported Activity Time (minutes/week)

Unadjusted Adjusted Unadjusted Adjusted
OR 95% CI OR 95% ClI Coeff 95% ClI Coeff 95% ClI
Group
IG 1.04 0.68-1.57 1.02 0.72-1.45 0.02 -0.10, 0.15 0.02 -0.08, 0.13
SuU 1.15 0.59-2.24 1.08 0.62-1.89 0.16 -0.04, 0.35 0.17 0.000-0.35
Time
FU1 (6 weeks) 1.34 0.96-1.85 1.30 0.93-1.82 0.15 0.06-0.23 0.14 0.05-0.22
FU2 (6 months) 1.04 0.75-1.46 1.01 0.71-1.42 0.02 -0.06, 0.11 0.02 -0.07,0.10
FU3 (13 months) 1.49 1.05-2.11 147 1.03-2.09 0.19 0.10-0.28 0.19 0.10-0.28

3Basic unit is the CG at basdline. Adjusted models include gender, age, BMI category, and stage of change at baseline.

Objectively Measured Physical Activity

At baseline, 144 individuals (56 in CG, 68in1G, and 20 in SU)
wore an accelerometer, resultingin valid datafor 133 individuals
(92.4%). Valid accelerometer data were available for 117
individuals (88.0% of those with valid dataat baseline) at FU1,
for 114 individuas (85.7%) at FU2, and for 105 individuas
(78.9%) at FU3; 93 participants (69.9%) had complete
accelerometer data. There were no differences between groups.

Table 4 shows the percent changes in counts per minute and in
total accelerometry activity time between baseline and each
follow-up for each group separately. There were no significant
changesobservedinthe | G. Inthe CG, activity level s decreased
significantly between baseline and FU2 as well as between
baselineand FU3. In SU, activity levels decreased significantly
between baseline and FU2. Mixed linear models did not show
any significant effects for time and group and no interaction
effects.

Table 4. Percent changes in objective physical activity between baseline and each follow-up according to group®

Baseline to P Baseline to P Baselineto P
FU1l FU2 FU3
Counts per minute
CG -4.8% .19 -11.6% .004 -8.1% .03
IG +2.5% .52 -8.0% .06 -1.2% .83
SU +1.5% .83 -16.2% .04 -2.1% .81
Total accelerometry activity time (minutes/week)
CG -6.2% .29 -17.5% <.001 -10.3% .03
IG -1.5% .82 -5.4% .29 -1.2% .87
SU -5.1% .72 -29.1% .045 -16.0% .16

8Results are based on participants with complete data at two time points.

Freguency and Duration of Use of Active-Online

In total, 2112 visits of 1G and SU study participants (n = 843)
were counted on Active-online, with a mean number of 2.5 (+
1.6) visits per person. The number of visits was described by a
positively skewed distribution representing 50% with two or
less visits on Active-online during the study period between
baselineand FU3. On average, 46 pageswere viewed per person,
with amedian of 31 pages.

In 1226 of all visits (58.0%), one of the two tailored modules
was started. These 1226 visits can be attributed to 628
individuals (74.5% of all participantsin |G and SU). The mean
number of visits within atailored module for these individuals

http://www.jmir.org/2009/3/e23/
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was 1.9 (+ 1.2). The mean and median time spent in the modules
for participants who started a tailored module was 12 minutes
and 9 minutes per visit, respectively, and 23 minutes and 15
minutes during the whole study period, respectively.

In 962 of all visits (45.5%), at least one tailored feedback was
obtained in the module on everyday activities and endurance
training, and in 460 of all visits (21.8%), at least one tailored
feedback was obtained in the modul e on strength and flexibility
training. There was no difference in the use of Active-online
between the IG and SU.
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In the CG, 62 of 453 participants responding to FU3 (13.7%)
stated that they had heard about Active-online and had used it
at least once during the preceding year.

Linear regression showed a weak but significant relation
between total minutes spent within one of the tailored modules
(IG participantsand SU combined) and changesin total reported
activity time between baseline and FU3 in the unadjusted model
(coefficient = 1.13, 95% CI 0.09 - 2.17, P = .03), and a
borderline significant relation in the model adjusted for age,
gender, and BMI category (coefficient = 1.07, 95% CI 0.004 -
2.13, P=.049). When adding stage of change to the model, the
relation was attenuated and no longer significant (coefficient =
0.58, 95% CI -0.43 to 1.59, P = .26), indicating that stage of
change was associated with both changes in total reported
activity timeaswell astime spent in thetailored modules. There
was no interaction between stage of change and time spent in
the tailored modules.

Discussion

Principle Resultsand Comparison With Prior Work

In the present study, there were significant increases in
self-reported physical activity levels between baseline and the
last follow-up after 13 monthsin all participants, but therewere
no significant differences between the randomized groups. More
pronounced increases were found in SU of Active-online.
However, theseindividual swere not randomized and thus cannot
be directly compared with the randomized groups. Furthermore,
SU willing to participate in the study may not be representative
of al Active-online userssincethey were aself-selected sample
and only represented 7.4% of all visits on Active-online during
the recruitment period.

Self-reported changes in physical activity levels were not
confirmed by objective measures. Differences between
self-reported and objective measures may be due to the
possibility that study participation influenced the perception of
physical activity behavior and thus reporting of physical activity
levels. A seasonal pattern [43], with lower activity levels in
winter (FU2), was observed in both self-reported and objective
physical activity data.

Results of other computer-tailored [ 10] and Web-based tailored
[23,24] physical activity intervention studies have been mixed.
The results in the present study are comparable with other
studiesinvestigating Web-based physical activity interventions.
While some studies produced effective resultsin the short term
[20,21] or when compared to awaiting list control group [26],
others showed improvementsin physical activity levelsin both
intervention and control conditions[17], like we did with regard
to self-reported physical activity. A tailored intervention that
has been effective when delivered on CD-ROM in a controlled
setting after 6 months [44] and after 2 years [22] was hot
effective when delivered online in areal-life setting compared
with online standard advice [25]. Similar to our study, Spittaels
et al asofound increasesin self-reported physica activity levels
in both intervention and control groups, and increasesin physica
activity levels were not confirmed by accel erometer data [25].
The present study adds evidence to the point that effectiveness
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of a Web-based physical activity intervention may be difficult
to demonstrate when delivered in an uncontrolled setting.

As per thereal-life setting, study participants were free to start
and stop the intervention. In addition, the anonymous nature of
the Internet and the wealth of available information may make
it difficult to achieve sufficient levels of intervention use. On
average, individualsin the |G and SU started atailored module
less than twice during the study period, accumulating a mean
of 23 minutes in the tailored modules in total (12 minutes per
visit). In a study assessing user attitudes toward a physical
activity website, an average time of 7.1 minutes spent on the
tailored intervention per visit and atotal average of 356 minutes
over 1 year was reported [45]. While the duration per visit was
higher in our study sample, thetotal accumulated time spent on
the intervention was 15 times higher in the other study. Ledlie
et a reported that participantswho entered atailored Web-based
physical activity intervention spent, on average, 9 minutes per
visit [46]. However, 152 participants produced 4114 visits on
the website over 8 weeks, indicating that the accumulated
exposure was clearly higher in that study than in our sample.
Low exposure to intervention materials has been reported in
other studies using objective data on website usage, indicating
that achieving engagement in website-delivered physical activity
interventionsis challenging [23]. Moreover, one quarter of the
participantsin the |G and SU did not start a tailored module at
all, and 13.7% of controls used Active-online independently of
the study, suggesting some degree of contamination in the IG
and CG. This may have reduced a potential effect but reflects
thereal-life delivery mode used in this study. While correlations
between log-in frequency and weight change have been reported
in a study focusing on a Web-based behavioral weight loss
program [47], the role of frequency and duration of use of
Active-online on changes in physical activity behavior could
not be clarified in this study.

Because of the challenges that we face with stand-alone
Web-based interventions that are freely accessible on the
Internet, it may be more promising to embed a program like
Active-online in a wider context of heath promotion.
Possibilities for better utilization of Active-online may be its
application in a workplace setting, the “prescription” of
Active-online to patients in primary care, or the inclusion of
Active-online in a larger health promotion packet targeting
different health issues, for example, in a community setting.
Two studies that have evaluated Web-based tailored
interventions in a primary care setting have reported increases
in physical activity levels after 1 month [48] and after 6 weeks
[49]. A study in two manufacturing and two office sites showed
high levels of engagement in a Web-based and monitoring
device—based physical activity and wei ght management program
in a wide range of employees [50]. A computer-tailored (but
not Web-based) intervention for nutrition and physical activity
in aworkplace setting demonstrated increasesin the frequency
of strengthening and flexibility exercise compared to adelayed
group [11]. A Web-based workpl ace health promotion program
targeting nutrition, stress, and physical activity did not
outperform print materials used in the control group, even
though improvements in some physical activity variables were
reported in both groups [51]. Further research may investigate
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possibilities of integrating Web-based interventions in a wider
health promotion context. Marcus et al especially highlight the
urgent need for research on Internet-based physical activity
programs within the context of primary care [52].

Strengths and Limitations

A strength of the study was the delivery of the Web-based
intervention under rea-life conditions, not in a controlled
setting. There were no face-to-face contacts or other factorsthat
may increase compliance, because they do not represent realistic
conditions for open-access Web-based interventions.
Furthermore, objective physical activity assessment was used
in asubsample of participantsin addition to the questionnaires.
We included SU of Active-online as an additional study arm.
Frequency and duration of use of Active-onlinewere monitored
using objective data from the Active-online user database,
making it possible to look at the relation between use of
Active-online and physical activity changes. Other strengths
arethelong-term follow-up and the large number of participants
included in the randomized study.

Several reasons may beresponsible for the limited effectiveness
of Active-online. The website was tested in 2003 and
acceptability was generally good; participants especialy liked
the individual counseling, the pleasant tone, and the simple
structure and design [29]. However, Internet technology is
changing rapidly and Active-online may already be dlightly
out-of-date. Furthermore, Active-online is based on the
transtheoretical model of behavior change, which wasregarded
as promising at the time when Active-online was developed,
but has more recently been subject to some debate regarding its
potential to change behavior [53,54]. In addition, baseline
physical activity levels were already quite high in the study
sample, with around 280 minutes total reported activity time
per week; thus a ceiling effect may have occurred.

Wanner €t d

Thisstudy has several limitations. A rather low overall response
of around 50%, as observed in other studies[30], was expected
based on the experiences of the feasibility study [32] and was
taken into account when calculating the sample size. High
drop-out attrition has been recognized as a common problem
in Internet-based studies [55]. Nonresponse in this study was
differential between groups, with higher drop-outs in the 1G
and SU than in the CG. Differences between responders and
nonresponders [30] and higher drop-out rates in intervention
groups have been observed in other studies in the domain of
physical activity [20] and nutrition [56,57]. The smaller number
of recruited SU and the fact that they only represented 7.4% of
all visits on Active-online during the recruitment period limits
conclusions about the effectiveness of Active-online in this
group. Thetime spent on Active-online recorded in the database
may not represent the actual time spent interacting with the
intervention, because Active-online may have been opened in
the background while the user was browsing other websites
opened simultaneously. On the other hand, Active-online users
could print their feedback reports and read them offline. If study
participants revisited Active-online without using their
password, the estimated number of visits presented here may
be conservative. Last, dueto atechnical problem, the reminder
emails to revisit Active-online were not sent out according to
the original schedule for registered users of Active-online at 2,
4, and 7 months.

Conclusions

The present study showed limited effectiveness of Active-online
in a randomized sample of volunteers from the general adult
popul ation when offered as a stand-alone intervention delivered
online under real-life conditions. Further research may
investigate the potential of Web-based physical activity
interventionsintegrated in awider context, for example, primary
care or workplace health promotion.
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Abstract

Background: Inactive people are often not aware of the fact that they are insufficiently active. Providing insight into their actual
physical activity (PA) levels may raise awareness and could, in combination with tailored PA advice, stimulate aphysically active
lifestyle.

Objective: This study evaluated the feasibility and effectiveness of a 3-month intervention in which Dutch office workers were
provided with a personal activity monitor (PAM) coupled to simple and concise Web-based tailored PA advice (PAM COACH).

Method: Participantswere randomly assigned to the 3-month PAM intervention (n = 51) or received asingle written information
brochure with brief general PA recommendations (n = 51). Study outcome measures were changesin PA (recall of minutes per
week spent on PA, as measured by the Activity Questionnaire for Adolescents and Adults), determinants of PA, aerobic fitness,
and body composition. Follow-up measurements were performed immediately after the 3-month intervention and at 8-months,
5 months after the end of the 3-month intervention period.

Results. A total of 102 workers, 23 to 39 years old, completed the baseline measurement at the worksite. 48 completed the
3-month follow up and 38 the 8-month follow-up in the intervention group, 50 completed the 3-month follow up and 42 the
8-month follow up in the control group. 35 out of 48 (73%) participants in the PAM intervention group reported wearing the
PAM regularly, and the PAM COACH was used almost once aweek; 24 out of 46 (52%) PAM users set a personal goal, and 33
(72%) entered their favorite activities on the website. Main reasons for not using these items were lack of interest or not being
able to find the item on the website. The majority of PAM users (34 out of 46, 74%) read the advice, of whom 14 (39%) found
it unappealing. After the 3-month intervention, no significant intervention effect was observed (adjusted difference in min/week)
for sedentary behavior (B = 10, 95% CI = -435 to 455), light-intensity PA (B = —-129, 95% CI = —337 to 79), moderate-intensity
PA (B =-13, 95% CI = -89 to 63), vigorous-intensity PA (B= -6, 95% CI = -75 to 62), and moderate- to vigorous-intensity PA
(B =-23, 95% CI = -121 to 76). No significant intervention effect was observed in the PA outcomes at the 8-month follow-up.
For the determinants of PA, aerobic fitness, and body composition, no statistically significant intervention effect was observed
in the total study population immediately after the 3-month intervention or the 8-month follow-up.

Conclusions. Theintervention appeared to be easily applicableto real-life settings. Theintervention wasineffectiveinimproving
PA behavior or its determinantsin healthy office workers. More attention should have been given to the quality and appropriateness
of the tailored advice.

Trial Registration: International Standard Randomized Controlled Triad Number (ISRCTN): 93896459;
http://www.controlled-trials.com/I| SRCTN93896459/ (Archived by WebCite at http://www.webcitation.org/5iR3mf7ex)
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Introduction

According to the current Dutch Public Health physical activity
(PA) recommendation, [1] adults should accumulate at least 30
minutes of moderate-intensity PA on at least 5 days of the week,
or aminimum of 20 minutes of vigorous-intensity aerobic PA
on 3 days of the week to promote and maintain health.
Surveillance datafrom the Netherlands[ 2] and the United States
[3] have shown consistent but low adherence (55% and 45%,
respectively) to this recommendation among adults in general
but have also shown large differences among subpopulations
[4,5]. It is suggested that adults in full-time employment or
those going through life events such as marriage and having
children are more at risk of becoming physically inactive due
to increased commitments [6].

Inactive subjects are often not aware of the fact that they are
insufficiently active. This was recently shown in a survey of
2600 Dutch adults[7]. No less than 60% of the people who did
not meet the recommendation believed that they were
sufficiently active. The use of a PA monitor (eg, pedometer,
accel erometer) that continuously registers and displaysthe actual
PA level of the user may raise awareness and could thus
overcome the problem of poor self-evaluation [8]. Hence,
objective instant feedback by a PA monitor could positively
affect the PA level ininactive subjects[8,9]. Hultquist et a [10]
found that sedentary women who were given pedometers and
who were instructed to walk 10,000 steps a day walked almost
2000 steps per day more than women who were instructed to
go for a brisk 30-minute walk each day. PA monitors can be
worn without major inconvenience, require little effort of the
user, and are compatible with most daily activities, making them
apractical and socially acceptable measure of PA [11].

I nternet-based sel f-management interventionsfor PA have been
shown to have potential [12-15] because they can reach large
numbers of at-risk participants in a variety of settings at any
timeand location. Thereisevidencethat heath-related behavior
is more affected by atailored approach than by general health
promotion activities [16,17]. Computer-tailored PA promotion
programs are relatively new [18]. They provide respondents
with individually adapted feedback about their current PA level
and additionally provide individualized suggestions to change
sedentary behavior and to promote daily PA. To date, little
evidence is available on the feasibility and effectiveness of
Internet-based tailored interventions coupled to an activity
monitor [19,20].

The PAM concept (PAM BV, Doorwerth, the Netherlands)
combines the use of a personal activity monitor (PAM) with
simple and concise Web-based tailored PA advice (PAM
COACH). The PAM (model AM101, PAM BV, Doorwerth,
the Netherlands) is an uni-axial accelerometer in the vertical
direction that can be easily attached to a belt. The validity of
the PAM accelerometer has been tested in alaboratory setting
and has shown results similar to the MTI Actigraph for
estimating energy expenditure in walking and stair walking

http://www.jmir.org/2009/3/e27/

[21]. The PAM produces a single index score that accumulates
during the day and is a proxy measure of total daily PA. The
PAM shows the PAM score continuously on its display. Viaa
docking station, which must be connected to a computer with
an Internet connection, the user can upload his or her personal
PAM scores through PAM software to the PAM COACH
website at any time throughout the day. On the PAM COACH
website, users can interactively plan and evaluate their own
activity advice based on their actual PAM scores and their PA
goals and preferences.

The objective of this study was to evaluate the feasibility and
effectiveness of providingaPAM coupled to simple and concise
Web-based personalized PA advice on the daily PA level of
young Dutch inactive office workersin arandomized controlled
trial (RCT). In addition, the effects on determinants of PA,
aerobic fitness, and body composition were examined. We
hypothesized that the use of aPAM combined with individually
tailored PA advice would increase awareness and subsequent
PA levels of inactive office workers.

Methods

Study Design and Population

This RCT is part of the PAM project, which is described
extensively elsewhere [22]. Mainly office workers from 20 to
40 years old, al apparently healthy, with differing levels of
education were recruited from eight worksitesin the surrounding
areas of Amsterdam, the Netherlands. For al worksites, the
same recruitment protocol was used. In the recruitment
procedure, we informed the participants about the beneficial
health outcomes of regular PA (ie, increased cardiovascular
health, and reduction of the risk of overweight, type 2 diabetes,
depression, and some types of cancer) by providing abrochure
and through individual communication. Inclusion criteriawere
ability to walk without aid, Dutch speaking, and not being
pregnant. First, PA levelswere monitored for 2 weeksby means
of aPAM and a PA questionnaire. Based on these 2 weeks, the
study population (N = 302) was divided into “active” (most
active 50% of the population) and “inactive” (least active 50%
of the population) groups. The inactive adults were invited to
participate in the RCT and were told that they were eligible
because of their low level of PA. To be able to detect a
between-group difference of 20% in PA level (80% probability
and a significance level of .05), two groups of 50 participants
were required. Of the 152 invited adults, 102 (67% response
rate) completed the baseline measurement and were randomly
assigned to either theintervention (n = 51) or the control group
(n = 51). Randomization to the intervention or control group
was performed at the individual level by choosing sealed
envel opes after the baseline measurements. The flow of subjects
through the RCT and the distribution of nonresponders are
shown in Figure 1. This study was approved by the Medical
Ethics Committee of VU University Medical Center and was
conducted between September 2004 and November 2005. All
participants gave their informed consent.
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Figure 1. Flowchart of the intervention (I) and control (C) subjectsin the RCT. Note that for analysis of the primary outcome measure at t1, 2 out of
48 (4%) and 1 out of 50 (2%) participants in the intervention and control group respectively, were excluded for analysis due to impossible values for
physical activity (not shown in figure, see text under "Primary Outcome Measure'").

302 adults recruited for physical activity monitoring

!

152 (50%) relative inactive adults invited to RCT

Reasons for no participation:
- Not motivated (n=14)
- No reason known (n=36)

—

A

y

Baseline (T0): 102 participants (67%)
(I: n=51, C: n=51)

Reasons not available at T1 (l):
- Pregnancy (n=1)
- No reason known (n=2)

Reasons not available at T2 (I):
- Pregnancy (n=1)

G—]

—_

v
End of intervention
3 months Follow up (T1): 98 participants
(I: n=48, 94%; C: n=50; 98%)

Reasons not available at T1 (C):
- New Job (n=1)

Reasons not available at T2 (C):
B Pregnancy (n=3)

F:N

- No reason known (n=9)

A

y

- No reason known (n=5)

8 months Follow up (T2): 80 participants
(I: n=38; 75%) (C: n=42; 82%)

Intervention

After randomization, participants in both the intervention and
control groups were advised to increase their PA levels. The
control group received a single written information brochure
with brief general PA recommendations. This print brochureis
published by the Netherlands Heart Foundation and contains

http://www.jmir.org/2009/3/e27/

RenderX

brief general information on the health benefits of PA and the
PA recommendation. Everyone can obtain the brochure free of
charge.

The intervention group received the PAM and was provided
with Web-based tailored PA advice (PAM COACH) [23] for a
3-month period. Figure 2 and Table 1 show the sitemap of the
PAM COACH website.
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Figure 2. Functionalities of the PAM COACH website
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Table 1. Contents of the PAM COACH website

PAM COACH
P Questionnaire
— Goal Setting

—p Activity logg

Individualized Physical
Activity Advice

L—P Preferred activities

—F Usage information
— Project information

—) FAQ's

Website Section Description

Home page Presentation of the latest PAM week score, hyperlink to complete advice and motivational PA tips.
Goal setting Setting the PAM goal score, indicated by the deficiency in minutes per day for their preferred activities.
Activity log Presentation of all uploaded PAM scores (per day/week/month).

Questionnaire Twelve questions on perceived physical activity barriers (yes or no).

Preferred physical activities
Individualized PA advice

Categories: transport, school activities, in and around the house, individual and team sports.

Tranglation of PAM goal scorein thedeficiency of minutes per day for their preferred physical activities.

Feedback on their answers to the questionnaire.

Stimulating feedback.

Comparison of users PAM score to their peersin the intervention group.

Usage information
Project information

FAQs

Information about the use of the PAM and PAM COACH website, including a demonstration.
The aim of the project and contact information.

Answers to frequently asked questions about the (use of) PAM and PAM COACH website.

Firgt, the participants had to install the PAM software on their
computer in order to use the PAM reader. When reading the
PAM, the participant is automatically directed to the PAM
COACH website. The user can register on the PAM COACH
website by filling out a form with personal data (ie, username
and password) and answering 12 questions on perceived PA
barriers. Upon entry to the PAM COACH website, the user
formulates a PAM goal score for the 3-month intervention

http://www.jmir.org/2009/3/e27/

RenderX

period. Based on the user’'s uploaded PAM score for the first
week, the PAM COACH assigns a lower goal that increases
daily until the PAM goa score is reached at the end of the
intervention period. The PAM goal score can be changed by
the user throughout the intervention. On every subsequent log-in,
the PAM COACH website presentsall the uploaded PAM scores
and coupled PAM goals in orderly graphs per week or month
(Figure 3).
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Figure 3. Screenshot of the PAM COACH website
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The uploaded PAM scores are automatically accompanied by
tailored PA advice on the computer screen as well as
motivational tipsfor increasing PA (n=21). Theadviceincludes
information on how to reach the PAM goal, which is based on
(1) the user's preferred activities (eg, an extra 60 minutes
walking, or 25 minutes running, or 20 minutes playing squash
daily), and (2) user-perceived PA barriers. Furthermore, the
feedback is given in a stimulating way (eg, “You are doing
better, but to reach your goal you haveto do more”). If the PAM
is not worn during certain activities (eg, swimming), these
minutes can be added manually to the PAM score on the
website. Apart from the short feedback on the PAM COACH
website, the users can easily monitor their progressin daily PA
by reading their PAM score directly on the display of the PAM.
The participants received written and verba instructions and
practical demonstrations on how to wear the PAM and how to
use the PAM COACH website (ie, setting a personal goal and
favorite activities). Participants were instructed to register and
upload PAM datain the first week of the intervention, to check
if the system worked properly. After that, the participants could
make use of the PAM and PAM COACH website as much as
they wanted. At least one computer with PAM software and
Internet accesswas available at all worksites except one, where
ICT policies did not alow PAM software on the network.
Participants from this worksite accessed the PAM COACH
website at home only.

http://www.jmir.org/2009/3/e27/
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M easurements

All measurements took place at the worksite during working
hours, at baseline, immediately after the 3-month intervention,
and at an 8-month follow-up, which corresponds to 5 months
after the end of the 3-months intervention period. The
measurements are described in detail elsewhere [22]. Gender,
age, and education level were obtained at baseline. Education
level was categorized into low and high. High education level
comprised higher vocational education or a university degree.
All other levels of education were defined as low.

Primary Outcome Measure

The Activity Questionnaire for Adolescents and Adults
(AQUAA) was used to assess the amount of minutes per week
spent on light-intensity (2-4 metabolic equivaents, METS),
moderate-intensity (4-6.5 METS), and vigorous-intensity (> 6.5
METs) PA, as well as time spent sedentary (< 2 METS), such
aswatching TV and using the computer. The AQUAA refersto
activities in the past week (7-day recall). Participants filled in
the questionnaire while supervised by aresearch assistant. The
research assistant checked the questionnaires when they were
returned. Based on the assumption that one sleeps 8 hours per
day, sixteen hours (960 minutes) was considered the maximum
amount of time per day a person can spend on PA. At 3-months
follow up, 2 out of 48 (4%) and 1 out of 50 (2%) participants
intheintervention and control group respectively, were excluded
because they exceeded this maximum time.
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Secondary Outcome Measures

Determinants of Physical Activity

A short questionnaire was developed to assess behaviora
intention to participate in sports more often. I ntention to exercise
was assessed by asingle question: “ Do you intend to participate
more frequently in sports over the next three months?” For the
determinants of attitude, social influences, and self-efficacy
expectationsand personal barrierstoward sport (Cronbach a pha:
49, .85, and .78, respectively), a selection of two or three
relevant questions was made, based on previous studies[24-27].
Answering formatswere 5-point Likert scales (very low to very
high). Per determinant, multiple items were converted into
summary Scores.

Awareness of complying with the Public Heath PA
recommendations was assessed by self-reported answersto the
following questions: “On how many days of the week did you
spent at least 30 minutes of moderate activity” and “Do you
think you spend enough time participating in sports?’ (yes or
no). According to a method described by Ronda et a [7],
respondents were allocated to four categories of awareness
(underestimators, overestimators, realists adequate, or realists
inadequate) based on their self-rated compliance with the PA
recommendations and the results of the PA questionnaire. In
the analyses, awareness was dichotomized in nonrealists
(underestimators and overestimators) and redlists (realists
adequate and realists inadequate). Participants were classified
as complying with the recommendation when they reported at
least 150 minutes of moderate- to vigorous-intensity activity
per week. Subjects’ knowledge of the PA recommendation was
tested by the question “How much time per day do you have to
spend on PA to stay healthy?’

Aerobic Fitness

A submaximal test, the Chester Step Test (CST) [28], was used
to predict maximal aerobic capacity. The CST consists of five
increasing paces of stepping on and off a bench. A step height
of 30 cm was used for active participants and 20 cm for inactive
participants. The CST starts at the relatively slow pace of 15
steps per minute and increases every 2 minutes to 20, 25, 30,
and 35 steps per minute. Throughout the test, the heart rate (HR)
is monitored. After each stage, the subject is asked to rate his
or her perceived exertion on the Borg scale, which isa 15-point
numerical rating scale ranging from 6 (very very light) to 20
(exhaustion). The test is terminated when the subject’'s HR
reaches 80% of the age-estimated maximal HR (ie, 220 minus
age) or when the subject rates 14 on the Borg scale. Prior to this
test, the subjects were screened with the Physical Activity
Readiness Questionnaire (PAR-Q) [29]. Based on this screening,
five subjects were excluded. Maximal aerobic capacity
(VO,max) was predicted by the provided CST calculator
(ASSIST Creative Resources Limited, Wrexham, England).
This is based on the extrapolation of aline of best fit, which
passes through the submaximal HR responsesfor each stepping
stage up to a level that equals the participant’s age-estimated
maximal HR.
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Body Composition

Standard procedures were used to measure body weight, body
height, waist and hip circumference, and the thickness of four
skin folds (biceps, triceps, subscapular, and suprailiac). Body
weight was measured in light clothing without shoes. Body
mass index (BMI) was calculated by dividing the weight (kg)

by height squared (m?). Percentage body fat was estimated from
the sum of the four skinfold thickness measurements according
to an age- and gender-specific method by Durnin and
Womersley [30]. Before the baseline measurement, intrarater
andinterrater reliability for all four skin foldswere determined.
Intrarater reliability and interrater reliability (intraclass
correlation coefficient, ICC) varied between .83 and .98.

Process Measures

After the 3-month intervention, PAM users were asked to
evaluate (1) the PAM (ie, appreciation of the PAM score,
frequency of wearing the PAM), (2) the PAM COACH website
(ie, appreciation of thewebsite, use of activity goal, and favorite
activities), and (3) the tailored advice (ie, reading and
appreciation of the advice). The uploaded PAM scores and the
log-in frequency to the PAM COACH website were registered
for each participant in the intervention group.

Data Analysis

To compare baseline values, the chi-sgquare test was used for
gender, education, and awareness distributions. Nonparametric
testing (Mann-Whitney U test) was used for PA data
Independent samples t-test was used to anayze all other
demographic variables, determinants of PA, aerobic fitness, and
body composition. The effect of the intervention was estimated
based on the intention-to-treat principle, including all
participants who had attended at least one follow-up
measurement. Logistic regression analysis was used for the
dichotomous outcome measure, awareness of meeting the PA,
and sports recommendation (0 = nonrealists, 1 = realists). For
all other outcome measures, standard linear regression analysis
was used to test the differences between intervention and control
groups at follow-up. Thefollow-up measurements were defined
as dependent variables. Baseline values of the particular
dependent variable were always included as covariates. The
parameters of interest are the regression coefficients (),
indicating the effect of theintervention of interest compared to
the control group. In a second analysis, gender (0 = male, 1 =
female), age (continuous), education (0 = low, 1 = high), and
BMI (continuous;, not added in the analyses for body
composition outcome measures) were considered as possible
confoundersor effect modifiers. If theinteraction between group
allocation and the variable concerned had a p-value below .10,
then subgroup analyses were performed. Additionally, we
adjusted for program adherence on the outcomes by performing
regression analyses among intervention participants, including
the log-in frequency. Anayses were performed using SPSS
version 14.0 (SPSS Inc, Chicago, IL, USA).
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Results

Study Population and Baseline M easurements

Table 2 shows baseline characteristics of both the intervention
and control groups; 61 out of 102 participants were femae

Slootmaker et d

Participants in the intervention and control groups were
comparable except for age (intervention group was, on average,
1.3 years older; P = .05) and intent to participate in sports at
baseline (higher in control group; P = .01). The majority of
participants (68 out of 102, 67%) met the PA recommendation
at baseline, with 78% (n = 32) of the men and 59% (n = 36) of

(60%), and 66 out of 102 (65%) had a high level of education.

the women meeting the recommendation.

Table 2. Baseline characteristics of total sample, PAM intervention group, and control group

Characteristic Total PAM Control
(n=102) (n=51) (n=51)
Demographics
Mean agein years+ SD 31.8+35 325+34 312 + 352
Female (%) 60 61 59
Highly educated (%) 65 63 67
Familiar with PA recommendations (%) 63 59 67
Compliance with PA recommendations (%) 67 69 65
Deter minants of participating in sports (mean + SD)b
Attitude 4.25+0.69 4.30%0.75 4.25+0.64
Self-efficacy 334+£0.71 322+ 0.70 345+£0.71
Intention 3.44+123 310+£1.20 378+ 1.192
Awareness of compliance with recommendations (%)
Redlist inadequate 23 23 23
Underestimator 27 27 27
Overestimator 10 11 9
Realist adequate 40 39 41
Awar eness of sports participation (%)
Realist inadequate 62 59 65
Underestimator 3 6 0
Overestimator 27 31 23
Realist adequate 8 4 12
Aerobic fitness (mean £ SD)
VOomax (mL Oy/kg/min) 414+75 41.7+84 412+6.7
Body composition (mean + SD)
Weight (kg) 77.7+14.6 79.0+15.6 76.5+13.6
BMI (kg/m?) 252+41 259+45 244+35
Sum of skin folds (mm) 65.3+31.6 69.4 + 36.2 61.2+25.8
Body fat (%) 271+76 27.9+80 264+7.2
Waist circumference (cm) 85.4+11.6 86.4+11.9 845+114

Djfference at baseline between intervention and control group (P< .05).
bAssessed on a 5-point Likert scale.

Primary Outcome Measure

In the total study sample, our 3-month intervention did not
significantly affect PA levels (Table 3). However, because of
effect modification by education, we conducted subgroup
analyses. These analyses showed that the 3-month intervention

http://www.jmir.org/2009/3/e27/
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resulted in arelative lowering of light-intensity PA (2-4 METS)
among higher-educated partici pants (adjusted difference between
intervention and control group in min/week, 3 = —349, 95% ClI
= -632 to —66, P = .02). This effect was not sustained at the
8-month follow-up, 5 months after the intervention. A higher
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adherence to the program did not result in increased levels of

PA (data not shown).

Slootmaker et d

Table 3. Median PA scores and mean difference in PA and sedentary time between PAM intervention group and control group at baseline (n=51 in
each group), 3 months (control: n=49; intervention n=46), and 8 months (control: n=42; intervention n=38)

Outcome Measure PAM Control Crude Difference? Adjusted Difference®
(min/week)
Median (IQR? Median (IQR? B (95% ClI) B (95% Cl)
Sedentary time
Baseline 3390 (2580; 3810) 3375 (2870; 3855) - -
3 months 3400 (2850; 3840) 2470 (2495; 3941) 101 (-338; 540) 10 (~435; 455)
8 months 2925 (2358; 4206) 3342 (2741; 3998) ~174 (-721; 374) ~267 (-803; 268)

Light-intensity PA
Baseline
3 months
8 months

M oder ate-intensity PA

630 (480; 1320)
636 (345; 950)
500 (326; 994)

720 (450; 1220)
678 (408; 1320)
593 (323; 1020)

-84 (-290.9; 123.3)
-18 (-220.6; 185.1)

~129 (-337; 79)
-2.0 (-210; 206)

Baseline 90 (5; 240) 120 (10; 203) - -

3 months 75 (20; 180) 90 (8; 240) -22 (-96; 53) -13.0 (-89; 63)

8 months 120 (19; 241) 90 (8; 278) 97 (-47; 241) 103 (-42; 248)
Vigorous-intensity PA

Baseline 170 (60; 315) 120 (30; 240) - -

3 months 80 (0; 210) 113 (41; 290) -4 (-71; 63) -6 (-75; 62)

8 months 120 (30;259) 115 (30; 303) =17 (-97; 62) -28 (-110; 54)
M oderate- to vigorous-intensity PA

Baseline 320 (120; 510) 240 (75; 443) - -

3 months 197 (100; 480) 281 (150; 488) -27 (-123; 68) -23(-121; 76)

8 months 223 (150; 548) 263 (143; 420) 81 (-109; 272) 74 (-119; 267)

8 nterquartile range between 25th and 75th quartile.

bBassline values of the particular dependent variable were always included as covariate.

CAdjusted for gender, age, education, and BMI at baseline.

Secondary Outcome M easures

Determinants of Physical Activity

For the determinants of PA, no datistically significant
intervention effect was observed in thetotal study sample (Table
4); however, an intervention effect was observed in subgroups
of BMI. The proportion of subjects being aware of their
adherence to the sports recommendation increased among
overweight participantsin the intervention group. The adjusted
oddsratio (OR) between intervention (n = 16) and control group
(n = 21) was 16.4 (95% Cl = 1.3 to 214, P = .02). This
significant effect was not sustained at the 5-month follow-up
after the intervention.

http://www.jmir.org/2009/3/e27/

RenderX

Aerobic Fitness

No statistically significant intervention effect was observed on
aerobic fitness.

Body Composition

No statistically significant intervention effect was observed on
body composition in the total study population. However,
subgroup analyses showed a decrease in body weight among
low-educated intervention participants compared to their peers
in the control group (adjusted difference, 3 = -1.6 kg, 95% ClI
=-2.8t0-0.4, P=.01). Thisdifference was still observable at
the 8-month follow-up, 5 months after theintervention (adjusted
difference, B = -2.1 kg, 95% CI = -4.4t0 0.3, P =.08).
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Table 4. Effectiveness of the 3-month PAM intervention on determinants of PA, aerobic fitness, and body composition: results of regression analyses

Slootmaker et d

Outcome Measure Crude Difference® Adjusted Difference®
B (95% Cl) B (95% Cl)
Deter minants of playing sports (5-point Likert scale)
Attitude -0.18 (-0.40; 0.04) -0.20 (-0.43; 0.02)

Social influence

Self-efficacy

Intention
Aerobic fitness

VO,max (mL Oo/kg/min)
Body composition

Weight (kg)

Sum of skin folds (mm)

Waist circumference (cm)

Awareness (%)°
Compliance with PA recommendations

Sports participation

-0.01 (-0.31; 0.28)
0.64 (-0.14; 0.27)
0.27 (-0.20; 0.74)

1.28 (-1.34; 3.90)

-0.27 (-1.12; 0.57)
1.49 (-4.38; 7.39)
-0.51 (-1.85; 0.82)

OR (95% Cl)

1.45 (0.62; 3.37)
0.81(0.31; 2.11)

-0.05 (~0.36; 0.24)
0.05 (-0.15; 0.26)
0.30 (~0.20; 0.80)

1.82 (-0.73; 4.39)

-0.36 (-1.23; 0.49)
1.34 (-4.62; 7.30)
-0.73 (-2.10; 0.63)

OR (95% Cl)

1.33 (0.54; 3.27)
0.62 (0.22; 1.75)

3Baseline values of the particular dependent variable were always included as covariate.
bAdjusted for gender, age, education, and BMI at baseline. BMI at baseline was not added as confounder in the analyses for the body composition

outcome measures.

CAwareness was analyzed with logistic regression (nonrealists = 0, realists = 1).

Process M easures

Of the PAM users, 35 out of 48 (73%) reported to have worn
the PAM “regularly” to “often” (Table 5). This finding was
supported by the log-in frequency (almost once a week) of the
PAM data to the PAM COACH website. Just over half of the
PAM users (24 out of 46, 52%) set apersonal goal, and 33 users
(72%) entered their favorite activities on the website. Main

http://www.jmir.org/2009/3/e27/

reasons for not using these items were lack of interest and not
being ableto find them on the website. The tailored advice was
read by 34 out of 46 (74%) PAM users, of whom 14 did not
find the advice appealing. Main reasons were as follows: the
advice was not personal or specific enough (n = 9), the advice
was not applicable to their daily situation (n = 6), little variety
in the advice (n = 3). Overall, the participants rated the PAM
and the PAM COACH website as sufficient.
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Table 5. Process evaluation data of the PAM accelerometer and the PAM COACH website

Variable No. Mean = SD
Log-in frequency to the PAM COACH website 0.9+0.6
1st month of intervention 47 3825
2nd month of intervention 47 36+26
3rd month of intervention 47 34+36
M ean uploaded PAM scoreto the website 26
1st month of intervention 18.4+7.8
2nd month of intervention 16.7+75
3rd month of intervention 17.8+7.6
Appreciation of PAM score® 47 64x21
Appreciation of PAM COACH website? 47 65+19
No. 0P
Worethe PAM accelerometer 48
Never 2
Hardly ever 10
Sometimes 15
Regularly 38
Often 35
Set personal PAM goal on website 46 52
Entered favorite activities on website 46 72
Read personalized advice on website 46 74
Found advice on website appealing 36 39

%0n ascale of 1 (very negative) to 10 (very positive).
bPer(:entageﬁ are based on self-report.

Discussion

This study investigated the feasibility and effectiveness of
providing a PAM in combination with simple and concise
tailored PA advice delivered through the Internet. The primary
aim of the intervention was to improve daily PA, but we also
examined effects on secondary outcomes such as determinants
of PA, aerobic fitness, and body composition. According to the
intention-to-treat analysis, the PAM intervention did not result
in increased PA levels of young Dutch office workers, nor did
it improve any of the secondary outcomes. These results may
partly be due to the fact that only 39% (n = 14) of the users
found their PA advice appealing.

The use of apersonal website seemed to be applicable at every
worksitewith an Internet connection aswell as being asuitable
mode of conducting PA interventions among young employees.
Yet, our intervention seemed ineffective at promoting PA in
the total study population. This is in contrast to previous
controlled interventions [10,19,20,31-33], which showed that
a PA monitor helped sedentary participants to set goals and
motivated them to increase their PA. However, these studies
were not designed as RCTs and included mainly overweight
participants or patients with type 2 diabetes.

http://www.jmir.org/2009/3/e27/

Although our study was not designed for subgroup analyses,
we conducted them after observing significant effect
modification. Among low-educated intervention subjects, we
observed a decrease in body weight of 1.6 kg. This effect is
considerable after 3 monthsand isclinically relevant. Moreovey,
the proportion of realistsincreased among overweight subjects,
which makes this concept of self-monitoring and Web-based
feedback interesting for future research in these specific target
groups.

Limitations

The results of this study must be interpreted in light of its
limitations. First, our primary outcome and some of our
secondary outcomes were based on self-report and therefore
prone to misreporting. However, since we looked at changesin
PA behavior, at least the bias associated with systematic errors
is cancelled out. Nevertheless, we compared the self-reported
total PA data with the objective uploaded PAM data among
participants of the intervention group (data not shown). The
PAM data confirm the decline in total PA as assessed by the
self-report (changein median min/week: —147) after the 3-month
intervention.

Second, our control group is not atruly non-intervention group
because they received an information leaflet on PA. However,
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we do not expect changes in PA by providing such brochures
only. Furthermore, our findings may reflect ceiling effects
associated with arelatively active sample at baseline. Although
the study was aimed at inactive employees, 35 out of 51 (69%)
participants in the PAM intervention group and 33 out of 51
(65%) participants in the control group aready met the PA
recommendation at baseline. Even though thisinformation was
based on self-report, it seemslikely that the participants sel ected
for the RCT were in general more active and health conscious
than the general Dutch population. This is supported by the
facts that the percentage of subjects who were acquainted with
the PA recommendation was high in both groups, and the
percentage of subjects who were aware (realists) of their
compliance with the PA recommendation and their regular
participation in sports was high in both groups. The fact that
wedid not collect information about the participants willingness
to become physically active can be considered as a limitation.
In addition, our study results are mainly applicable to people
who are employed at aworkplace that allows personal Internet
use, which limits the generalizability of our study.

Finally, the practical advice given on the website was partly
based on the objectively monitored PAM score. Accelerometers
are insensitive to certain types of movements, in particular,
nonambulatory physical activities with arm and or limb
movements, such as cycling and weightlifting. This limitation
of the accelerometer may have reduced the accuracy and
relevance of the advice given by the PAM COACH website,
particularly for subjects who cycle alot, which is common in
the Netherlands. Although activities that are not accurately
measured by the PAM can be included manually on the PAM
COACH website, astudy has shown that recipients of negative
or unexpected feedback responded by doubting the accuracy
and credibility of the feedback information [34]. This
phenomenon may have discouraged our participants from
achieving their personal PA goal.

Strengths

Strengths of the study are its design, the easy to implement
intervention, and the low dropout rate. This RCT was set up as
a short-term minimal intervention strategy in order to make it
easily applicable in real-life settings. During the intervention,
PAM usersreceived short personalized PA advicetogether with
supportive practical advice to reach their personal PA goal. In
order to reach this PA goal, the activity preferences of the user

Slootmaker et d

were taken into account so that PA could be more easily
implemented into their daily life. After registering, the user
could decide when and how oftento logintothe PAM COACH
website. In spite of the minimal contact during the intervention
between the researcher and the participant, adherence was
moderate to high. PAM users logged in 10 times on average
during the 3-month RCT, which is almost once a week and is
comparable with frequencies of website log-ins from previous
studies (range 0.7 to 1.5 times per week) [35,36]. Moreover,
during the intervention we observed alow dropout, only 3 (6%)
and 1 (2%) out of the 51 participants for the intervention and
control group, respectively. The recurrent visitsand low dropout
during theintervention suggest that participants were interested
in new information and were acquainted with the technol ogy.

The appreciation of the intervention materials differed largely
among participantsin the intervention group; most participants
expected more varied and concrete advice and found the advice
not applicable to their daily life. This occurred in spite of our
aimtotailor the PA adviceto acertain extent based on the users
actual PAM scorein relation to their PAM goal. We strived for
simple and concise PA advice and avariety of motivational tips
on the PAM COACH website.

Conclusions

To conclude, we hypothesized that the combination of wearing
a PAM combined with tailored PA advice delivered through
the Internet would be potentially successful in increasing
awareness of personal activity levels and actual PA levels.
However, we did not observe any significant effect on
awareness, PA level, determinants of PA, aerobic fitness, or
body composition among thetota group of young healthy Dutch
employees. Thismay be explained by the fact that we conducted
aminimal intervention in astudy population that largely (67%)
met the PA recommendations at baseline. Moreover, a large
part of the intervention population did not find the advice
appealing. Hence, the results of the present study do not give
cause for wider implementation of this minimal intervention
among healthy adults. Since we observed a tendency for a
positiveintervention effect on body weight among low-educated
adults, more research may be necessary to investigate the
effectiveness of thistype of intervention among peoplewho are
overweight or of low socioeconomic status. In this, attention
should be given to the quality and appropriateness of thetailored
advice.
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Abstract

Background: Selecting the right mix of stationary and mobile computing devicesis a significant challenge for system planners
and implementers. Thereis very limited research evidence upon which to base such decisions.

Objective: We aimed to investigate the rel ationships between clinician role, clinical task, and selection of a computer hardware
device in hospital wards.

Methods: Twenty-seven nurses and eight doctors were observed for a total of 80 hours as they used a range of computing
devices to access a computerized provider order entry system on two wards at amajor Sydney teaching hospital. Observers used
achecklist to record the clinical tasks completed, devices used, and location of the activities. Field notes were also documented
during observations. Semi-structured interviews were conducted after observation sessions. Assessment of the physical attributes
of three devices—stationary PCs, computers on wheels (COWSs) and tablet PCs—was made. Two types of COWs were available
on the wards: generic COWs (laptops mounted on trolleys) and ergonomic COWSs (an integrated computer and cart device).
Heuristic evaluation of the user interfaces was also carried out.

Results:  The majority (93.1%) of observed nursing tasks were conducted using generic COWSs. Most nursing tasks were
performed in patients’ rooms (57%) or in the corridors (36%), with a small percentage at a patient’s bedside (5%). Most nursing
tasks related to the preparation and administration of drugs. Doctors on ward rounds conducted 57.3% of observed clinical tasks
on generic COWSs and 35.9% on tablet PCs. On rounds, 56% of doctors’ tasks were performed in the corridors, 29% in patients
rooms, and 3% at the bedside. Doctors not on award round conducted 93.6% of tasks using stationary PCs, most often within
the doctors' office. Nurses and doctors were observed performing workarounds, such as transcribing medication orders from the
computer to paper.

Conclusions: The choice of device was related to clinical role, nature of the clinical task, degree of mobility required, including
where task completion occurs, and device design. Nurses' work, and clinical tasks performed by doctors during ward rounds,
require highly mobile computer devices. Nurses and doctors on ward rounds showed a strong preference for generic COWSs over
all other devices. Tablet PCs were selected by doctors for only a small proportion of clinical tasks. Even when using mobile
devices clinicians completed a very low proportion of observed tasks at the bedside. The design of the devices and ward space
configurations place limitations on how and where devices are used and on the mobility of clinical work. In such circumstances,
clinicians will initiate workarounds to compensate. In selecting hardware devices, consideration should be given to who will be
using the devices, the nature of their work, and the physical layout of the ward.
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Introduction

The use of information and communication technologies (ICT)
in the health care sector has become widespread in several
countries [1], and governments around the world continue to
invest in the implementation of ICT systems[2]. These clinical
systems comprise a variety of functions, including medication
management, order entry, results viewing, clinical
documentation, and decision support capability [3]. Introduction
of ICT in a hospital affects the operation of the organization,
health care delivery, and patient outcomes while offering
potential benefits in improved patient safety, reduced hospital
costs, and increased efficiency and effectiveness of medical
care[4-6].

Not all ICT systemsare successfully implemented. A key factor
for successisthe extent to which systemsintegrate with clinical
workflow [7,8]. Clinical work is characterized by a complex
mixture of routine and unexpected events and involves close
collaboration among practitioners [9]. Furthermore, clinical
work is highly mobile. Health professionals move frequently
among wards, clinics, offices, and other locations and require
information at each of these locations [10,11]. Thus, new ICT
systems must, among other factors, complement the mobile,
collaborative nature of medical work in order to succeed [9].

A core component of system implementation isthe selection of
hardware. Early clinical system implementations relied upon
replacing paper-based records with information accessible via
stationary personal computers (PCs). Stationary PCsallow easy
storage, searching, retrieval, and sharing of information [12];
however, they constrain work to a fixed location [13]. The
design of new and more mobile hardware devices hasincreased
the range of options available to health care organizations, and
mobile devices have been advocated [14] as a means of
providing practitioners with access to patient and clinical
information at the point of care [15]. Subsequently, the
integration and use of both stationary and mobile computing
technologies within health care have been promoted as the
approach most likely to achieve the greatest resultsfor clinicians
and their patients [13,16].

Systematic reviews of the use of handheld devices within
medicine have reported benefits in allowing easy access to
information, decision support, and improved communication,
but such reviews have also identified barriers to their
implementation and use [17-21]. Very few studies have made
comparisons between stationary and mobile devices, investigated
how clinical staff select a device when multiple devices are
available, or determined thelocationsin which clinicians choose
to use mobile devices. Thus, this limited research base means
that determining the right mix of stationary and mobile devices
isasignificant challenge for system planners and implementers.
Little is known about the degree to which different hardware

http://www.jmir.org/2009/3/e32/

devices are capable of adequately supporting the complex and
often collaborative nature of work in a hospital environment.
In order to obtain the benefits ICT systems offer, it is necessary
to gain insights into the way users interact with different
hardware devices and the impact these systems have on work
practices. The extent or ways in which different hardware
devices may be more effective for different professionals or
clinical tasks has rarely been investigated.

We conducted a study to investigate the relationships between
clinician role, clinical task, and selection of hardware device.
Our aim was to answer two central questions: (1) which device
is used by whom, where, for which clinical task, and in
collaboration with whom? and (2) what impact does the design
of the device have on its use on hospital wards?

Methods

Study Design

We utilized amulti-method approach which included: (1) direct
observations, (2) interviews, (3) an assessment of the physical
attributes of available hardware devices, and (4) heuristic
evauation of the user interfaces. Advocates of a multi-method
design support its use as a means of gaining clearer
understanding and insights into the impact of technology on
health care services [22].

Setting

The study was conducted in two geriatric wards of a Sydney
metropolitan teaching hospital. Each ward had 26 beds and was
at maximum occupancy throughout the majority of the study
period. The Cerner Millennium PowerChart system (Cerner,
Kansas City, MO), which comprises computerized test ordering,
results viewing, and electronic medication management, was
available from stationary PCs, COWSs, and tablet PCs across
both study wards. While computerized test ordering and results
viewing have been used for several yearsin the two wards, the
electronic medication management system had been
implemented and used since November 2007 in ward A and
July 2008 in ward B.

Computer Hardware Devices and Ward L ayouts

Thetwo wardswere |ocated next to one another, and their layout
and characteristics were much alike (Figure 1). Each ward had
seven stationary PCs. Threewerelocated in the doctors' offices,
one in the corridor, one in the medication room, and two in the
central workstation (nurses' and clerks' station). Thetwo wards
also had stationary PCsin the Nursing Unit Manager’s office;
however, these computers were not included in the study as
they were not used for clinical tasks. Ward A and ward B had
five and six COWSs, respectively. Inward A, four of the COWs
were generic COWSs (laptops mounted on trolleys—three Acer
Travelmate 5620 and one Acer Travelmate 7720), and one was
an ergonomic COW (an integrated computer and cart device
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specifically designed to make it easy to move—Dell Latitude
D620 and StyleView® Notebook Cart) (Figure 2). In ward B,
the six COWswere all generic COWs (Acer Travelmate 7720).
The COWs were generally distributed throughout the corridor

area. Each of the wards also had two tablet PCs (two Motion

Figure 1. Overview of the placement of devicesin ward A and ward B
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Computing C5 and two Motion Computing LE1700). In ward
A, the tablet PCswere placed in the medication room, whilein
ward B they were kept at the central workstation. All devices
ran Windows XP astheir operating system.
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Figure 2. Devices available in the two wards (A: tablet PC ward A, B: tablet PC ward B, C: generic COW, D: ergonomic COW)

Sample

The observational study was conducted between October 13
and 31, 2008 for atotal of 80 hours and 1 minute spread across
144 observation sessions. The sample consisted of 27 nurses
(23 from ward A and 14 from ward B) and 8 doctors who
worked across both wards. This represents approximately 50%
of the nursing and medical staff allocated to these wards. Nurses
had an average work experience of 2.7 years in the respective
wards, and the average experience of doctors was 2.9 yearsin
the study wards. Participants were provided with an information
letter outlining the study, and each consenting participant was
assigned a unique identifying number. When the researchers
arrived on the ward, participants using the PowerChart system
were identified and one was selected for observation. Each
participant was observed for a maximum of two consecutive
hours and a maximum of six hoursin total for the duration of
the study. A convenience sample of ten nurses and two doctors

hittp://Www.j mir.org/2009/3/e32/
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RenderX

who participated in the observational study also participated in
brief interviews.

Data Collection Procedures

Observational Study

The observationa study was conducted over athree-week period
in October 2008. The study participants were observed while
undertaking clinical tasks during their day-to-day routine that
required interaction with a stationary PC, one of two styles of
computers on wheels (COWSs), or atablet PC.

We developed an observational data collection form with alist
of clinical tasks based upon previous work (Table 1) [23,24].
This form was used to record: the participant-1D; the ward; the
date; the start and end time of each observation session; clinical
tasks performed; hardware device used (stationary PC, generic
COW, ergonomic COW or tablet PC); the location of task
completion (doctors’ office, corridor, bedside, medication room,
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workstation, or patient room); whether collaboration occurred
during the task (with a doctor, nurse or other health care
personnel); and whether the observed participant was on award
round. The location was defined as at the “bedside” if the
observed participant used one of the devicesdirectly next to the
bedside of the patient being treated. Where the device was
placed next to one patient's bedside while treatment was
provided to another patient within the room, the location was
recorded as* patient room”. Collaboration between the observed
participant and another health professional wasrecorded if they

Table1. Clinical task classification

Andersen et al

looked at the computer screen at the same time and conducted
a clinical task together (eg, clinicians discussing a particular
prescription in the medication chart or anurse observed asking
another nurse to document witnessing a drug to be
administered). During the observation sessions, additional
factors potentialy impacting on device selection were also
noted, for example, when a computer crashed. The average
length of the observation sessions was 33 minutes. All
observational sessions were conducted by AL and PA.

Clinical task Definition
Review chart Reviewing the medical chart, allergy, height, weight, health insurance, or other patient information.
Prepare drug Reading medication order to select drug.

Administer drug
Unchart drug

Witnessing drug
Ordering drug/test
Changing/canceling drug
Viewing results
Generating discharge
Reorder drug

Drug information
Documenting allergies
Documenting others

Copying medication order

Recording that a drug has been administrated.

Removing documentation of drug administration (eg, becauseit was recorded prior to actual admin-
istration and the drug did not end up being given to the patient).

Confirming that preparation of arestricted drug, or another specia drug, has been checked.
Writing up a new medication order or ordering atest.

Changing drug order details or canceling a drug order.

Looking at a patient’s test results.

Writing a discharge summary.

Extending the length of a drug order.

Looking at drug information.

Documentation of apatient’s allergies.

Documentation of other information relevant to medication orders (eg, height, weight, blood glucose).

Copying medication orders from paper to PowerChart.

Researchers were trained in the PowerChart system to allow
them to become acquainted with the system and to be able to
distinguish accurately among the different clinical tasks
performed using the system. A pilot study, consisting of
approximately 17 hours of observation, was undertaken between
October 7 and 13, 2008 to assess the design of the data collection
form. During the first session of the pilot study, it was
discovered that the doctors and nurses changed clinical tasks
rapidly, which was not supported by the initial design of the
form. The pilot study also revealed that the list of defined
clinical tasks did not cover all tasks doctors and nurses
conducted in the PowerChart system, and some of the defined
tasks were difficult for the researchers to distinguish. This led
to the addition of new tasks (eg, “unchart drug”) and
combination of other tasks (eg, entering anew drug and ordering
a test were combined in the task “ordering drug/test”). After
modifying and testing the new data collection form,
inter-observer reliability testing between the researchers was
conducted by the two observers concurrently, but independently,
observing nurses and doctors for a total of four hours and
comparing their results. Formal data collection began once an
overall agreement of over 85% was achieved between the data
collectors. Throughout the study, data were collected on
weekdays between the hours of 7 am and 4 pm. Each researcher
spent half of the study period independently observing in one

http://www.jmir.org/2009/3/e32/

ward and then rotated to observe in the aternate ward. After
each observation session, the manually collected data were
transcribed onto a computer. Field notes were documented by
the researchers to provide contextual information about, for
example, physical space limitations which impacted upon the
way a device was used.

I nterviews

Interviews were conducted during the last week of data
collection. Based on the prior observations, the nurses and
doctors were asked about their individual device preferencein
agiven context (eg, when giving medication or going on ward
rounds) and their reasons for choosing a particular device.
Participants were asked the following questions. When
conducting atask in relation to medication, results viewing, or
ordering tests, which of the hardware devices do you generally
use and why?; Is there a certain device you prefer and why?;
Do you ever use one of the other devices for certain tasks? If
yes, what made you choose to use the other device? If no, has
somebody shown you how to use the device? If yes, why have
you decided not to use that device? The data collected in the
interviewswere recorded on paper and | ater transcribed to digital
format. Theinterviewswere conducted by the sasmeresearchers
who undertook the observations.
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Physical Attributes Assessment

Examination of the physical attributes of each hardware device
(such asthe size of the screen and boot-up time) was performed
to further identify factors that may impact on device selection.
These were conducted by two researchers (AL and PA). A form
was devel oped to eval uate the physical attributes of each device.
Weighing the generic and ergonomic COWs was not possible;
therefore, only thetablet PCswere weighed. The system boot-up
times were measured, as were the start and restart times. The
start time was calculated from the time the start button on the
device was pressed until the programs had finished loading
(indicated by the hourglass disappearing). The time it took to
restart the device was measured from pressing “ok” on the
Windows shut-down screen until the device had finished
reloading al programs. Additionally, the time it took to start
PowerChart was measured. First, the time from clicking on the
PowerChart icon on the desktop until the login screen appeared
was measured. Second, after typing in ausername and password,
the time from pressing “ok” on the log in screen until
PowerChart had compl etely |oaded was measured. Thesetimes
were measured both immediately after the computer had been
started or restarted (one time) and after PowerChart had been
previously opened (measured three times). Each device within
the wards was evaluated individually.

Heuristic Evaluation

The heuristic evaluation was undertaken to identify design
factors which may influence device selection and use. The
evaluation was completed independently by two researchers
(AL and PA) for each defined clinical task and conducted on
the basis of a set of 10 recognized usability principles [25].
Following independent assessment by each investigator, results
were compared with regard to how clinica tasks were
completed, taking into account the 10 usability principles to
gain consensus. As the same clinical system was accessible
across the various computing devices and the appearance of the
system was identical, the particular focus was on identifying
how the screen size of each device may have affected the
aesthetics and usability of the device, subsequently influencing
device selection. The evaluation was conducted on a stationary
PC with a 17" screen followed by a tablet PC with a 10.5"
screen, with an emphasis on user-interface design issues that
might be present in smaller devices.

Data Analysis

Observational Study and I nterviews

Observational data were highly structured as described above,
and data analysis was undertaken in SPSS version 16.0 (SPSS
Inc, Chicago, IL). Descriptive statistics were calculated,
including the proportions of clinical tasks undertaken using the
different devices, device use by clinical group, and the physical
locations where devices were used. Interviews and field notes
wereanalyzed separately by the researchers and the main themes
identified. Thisinvolved, for example, all responses to specific
interview questions being independently reviewed by two
researchers, and the most frequently recurring issues raised by
respondents were identified. This alowed identification of the
factors which doctors and nurses most frequently raised as
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reasonsfor why they selected or did not select a specific device.
Given the structured nature of the questions, there was little
disagreement between reviewers. When disagreement arose, it
was resolved through consensus and discussion with the other
co-authors. Field noteswere analyzed in terms of identification
of the range of issues raised with greater emphasis given to
those factors which occurred on multiple occasions. For
re-occurring issues, these were counted to provide an indication
of their frequency.

Physical Attributes Assessment and Heuristic Evaluation

Physical and heuristic assessment data were tabul ated to allow
comparisons between devices on a range of attributes. The
physical attributes data were used to calculate the mean and
standard deviation boot-up times for each device.

The study was approved by the University of Sydney Human
Research Ethics and the hospital Human Research Ethics
Committees.

Results

Observational Study Results

A total of 144 observation sessionswas conducted over aperiod
of 80 hours and one minute during which 2158 clinical tasks
were observed. Nurses were observed in 103 (71.5%) of the
observation sessions, and their tasks accounted for 81.1% of
the tasks recorded. Doctors were observed in 41 (28.5%)
observation sessions, and their tasks made up 18.9% of thetasks
observed. Of the observed tasks performed by doctors, 57.5%
were collected during ward rounds.

The number of clinical tasks performed per individual ranged
from 3 (0.1%) to 227 (10.5%) for nurses and 7 (0.3%) to 112
(5.2 %) for doctors. Observations werefairly evenly distributed
across the two wards, with 71 sessions conducted in ward A,
in which 42.6% of the tasks were collected, and 68 sessionsin
ward B, accounting for 57.4% of tasks. Five observation sessions
occurred in both wards, where doctors walked from one ward
to the other and used a hardware device in both wards.

Observed Use of Hardware Device by Clinical Task and
Location

The mgjority of observed tasks (82.3%) were undertaken using
the generic COW, with 9.6% conducted on a stationary PC,
5.1% on atablet PC, and 3.0% on the ergonomic COW. Most
clinical tasks (49.1%) were completed in a patient’s room,
followed by the corridor (35.2%), the doctors’ office (8.1%), a
patient’s bedside (4.3%), the central workstation (3.0%), and
the medication room (0.2%). The most frequently observed
tasks were administering drugs (31.4%), preparing drugs
(27.9%), and reviewing apatient’s chart (15.4%). Thefrequency
of the other observed tasks ranged from 0.1% to 7.5%.

Observation of Nurses Use of Hardware Devices on
Wards
Nurses undertook 93.1% of observed tasks using the generic

COWSs. All except one of the 27 observed nurses used ageneric
COW during the study period. Ten nurses al so used a stationary
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PC, four nurses used an ergonomic COW, and one nurse used
atablet PC during the study period.

The generic COWSs, ergonomic COW, and the tablet PCs were
most frequently used by nurses in the patients' rooms (56.7%)
and in the corridors (35.8%), mostly to administer and prepare
drugs. If a generic COW and the ergonomic COW were
available and placed next to each other, it was often observed
that nurses chose the generic COW. When nurses used the

http://www.jmir.org/2009/3/e32/
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stationary PCs, they primarily used the ones at the workstations,
followed by thoselocated in the corridors, to witnessand prepare
drugs (Table 2). Lessthan 2% of nurses’ tasks were undertaken
using stationary PCs. None of the nurses were observed using
astationary PC inthe doctors' office or in the medication room.
It was observed on one occasion that a generic COW was
wheel ed into the medication room, when astationary PC within
the room was out of order.
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Table 2. Clinical tasks conducted by nurses by device and location of use (N = 1751 tasks)

Tablet Generic Ergonomic Stationary Total

Location  Clinical task PC Ccow Cow PC (% of total tasks)
Bedside

Review chart 1 5 - - 6

Prepare drug 1 28 1 - 30

Administer drug 3 30 2 - 35

Witnessing drug 1 6 1 - 8

Ordering drug/test - 1 - - 1

Drug information - 1 - - 1

Viewing results - 1 - - 1

Documenting others - 3 1 - 4

Total 6 75 5 - 86 (4.9%)
Patient’s room

Review chart - 65 4 - 69

Prepare drug 4 348 10 - 362

Administer drug 6 396 11 - 413

Unchart drug - 7 1 - 8

Witnessing drug 3 62 3 - 68

Ordering drug/test - 14 2 - 16

Changing/canceling drug - 1 - - 1

Reorder drug - 1 - - 1

Drug information - 12 1 - 13

Viewing results - 2 - - 2

Documenting others 1 38 - - 39

Total 14 946 32 - 992 (56.7%)
M edication room

Prepare drug - 2 - - 2

Administer drug - 2 - - 2

Ordering drug/test - 1 - - 1

Total - 5 - - 5 (0.3%)
Workstation

Review chart - 1 - 1 2

Prepare drug - 1 - 5 6

Administer drug - 8 - 6 14

Witnessing drug - 8 - 10 18

Total - 18 - 2 40 (2.3%)
Corridor

Review chart 2 96 10 2 110

Prepare drug 2 187 9 3 201

Administer drug 1 203 6 1 211

Unchart drug - 6 - - 6

Witnessing drug 2 63 2 - 67

Ordering drug/test - 9 - - 9
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Tablet Generic Ergonomic Stationary Total
Location  Clinical task PC cow cCow PC (% of total tasks)
Reorder drug - 1 1 2
Drug information - 7 7
Viewing results - 1 1
Documenting others - 11 1 - 12
Other task - 1 1
Total 7 585 28 7 627 (35.8%)
Multiplelocations
Prepare drug - 1 1
Total - 1 1 (0.06%)
Total 27 1630 65 29 1751 (100%)

Observation of Doctors Use of Hardware Devices on
Ward Rounds and Outside Ward Rounds

Eight doctors were observed at least once on a ward round
during which they primarily used a generic COW (Table 3).
Four doctors were observed using a stationary PC, and two
doctors used atablet PC, while none of them used an ergonomic
COW on ward rounds during the observation period.

Of the observed tasks conducted on ward rounds, the majority
(57.3%) were completed using a generic COW, while 35.9%
were completed using atablet PC. Thesetwo deviceswere most
frequently used in the corridor, followed by the patients' rooms,
to review charts and view results. Use of a tablet PC at the
workstation was observed more often than the use of astationary

http://www.jmir.org/2009/3/e32/

PC (Table 3). Of the 234 clinical tasks completed during ward
rounds, 57.3% were undertaken in the corridors, 29.1% in the
patients' rooms, and 3% at a patient’s bedside.

Seven doctors were observed at |least once while not on award
round. On each of these occasions they were observed using a
stationary PC, with one doctor also using a generic COW.
Doctors were not observed using tablet PCs or the ergonomic
COW when not on ward rounds.

These saven doctors (not on ward rounds) conducted the vast
majority (93.6%) of tasks using stationary PCsto view results
and review charts, and most often they did this within the
doctors' office (Table 3). Generating discharge summaries was
primarily conducted when doctors were not on ward rounds and
only using stationary PCs.
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Table 3. Clinical tasks conducted by doctors on ward rounds and not on ward rounds by device and location of use (n = 407 tasks)

Device
Tablet Generic Stationary Total
Location Clinical task PC cow PC (% of total tasks)
Ward round
Bedside
Review chart 2 - - 2
Changing/canceling drug 1 - - 1
Viewing results 4 - - 4
Total 7 - - 7 (L.7%)
Petient’s room
Review chart 10 15 - 25
Ordering drug/test 9 5 - 14
Changing/canceling drug 2 4 - 6
Viewing results 10 13 - 23
Total 31 37 - 68 (16.7%)
Doctors' office
Review chart - - 3 3
Ordering drug/test - - 4 4
Changing/canceling drug - - 2 2
Generating discharge - - 1 1
Viewing results - - 3 3
Total - - 13 13 (3.2%)
Workstation
Review chart 4 - 1 5
Ordering drug/test 1 - 1 2
Viewing results 6 - - 6
Other task - - 1 1
Total 11 - 3 14 (3.4%)
Corridor
Review chart 16 38 - 54
Administer drug - 1 - 1
Ordering drug/test 4 12 - 16
Changing/canceling drug 6 15 - 21
Drug information - 1 - 1
Viewing results 9 30 - 39
Total 35 97 - 132 (32.4%)
Total 84 134 16 234 (57.5%)
Not on Ward Round
Doctors' office
Review chart - - 51 51
Administer drug - - 2 2
Ordering drug/test - - 22 22
Changing/canceling drug - - 5 5
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Device
Tablet Generic Stationary Total
Location Clinical task PC cow PC (% of total tasks)
Generating discharge - - 19 19
Reorder drug - - 1 1
Viewing results - - 61 61
Other task - - 1 1
Total - - 162 162 (39.8%)
Workstation
Review chart - 5 - 5
Ordering drug/test - 2 - 2
Viewing results - 4 - 4
Total - 11 - 11 (2.7%)
Total - 11 162 173 (42.5%)

Collaborative Activities by Nurses and Doctors Using
Hardware Devices

Nurses collaborated with other health professionals on 197
clinical tasks(11.3%) undertaken while using acomputer device.
Nurses mostly collaborated with other nurses (58.4%) and
student nurses (40.0%) using generic COWSs (91.9%).
Collaboration centered around the witnessing (33.5%, n = 66),
preparation (27.4%, n = 54) and administration (24.9%, n = 49)
of drugs. Nurses were observed collaborating with a doctor
using generic COWSs to review charts (2 tasks) and prepare
drugs (1 task).

Doctors on ward rounds conducted 88 clinical tasks (37.6%) in
collaboration with another health professional. On ward rounds,
doctors collaborated most often with other doctors (68.2%) and
medical students (26.1%), and this occurred most frequently
using ageneric COW (75.0%). Doctors most often collaborated
on ward rounds to review charts (42.0%, n = 37) and view
results (39.8%, n = 35). Doctors not on ward rounds conducted
12 clinical tasks (6.9%) in collaboration with another health
professional and mostly collaborated with other doctors (58.3%)
on the stationary PCs (100.0%) and primarily when viewing
results (50%, n = 6). Doctors were not observed collaborating
with nurses at any time when using one of the computing
devices.

Contextual Factors | dentified From the Field Notes

Two main themes from the field notes were identified: device
mobility and availability. In relation to mobility, nine nurses
placed a drawer containing a patient’s medications on top of
the trolley of the generic COW. This was observed in 14 nurse
observation sessions (13.6%). In this hospital, most patients
medications arelocked in their individual bedsidetables. Thus,
we observed nurses placing these medication drawers (one
patient at atime) onto the generic COWs in both the patient’s
room and also when the trolley was situated in the corridors.
The nurses went back and forth between the device and each
patient’s bedside to administer the medication.

http://www.jmir.org/2009/3/e32/

During six observation sessions, five nurses and one doctor
were observed writing details about a patient’s drug order on a
napkin or a piece of paper. Most frequently this action was
observed in patients' rooms when using a generic COW. The
nurses used the paper note to take with them to the medication
room in order to prepare a medication which was not available
in a patient’s bedside drawer. It was also observed that the
generic COW was placed between a patient’s bed and a wall
on several occasions which left clinicians with very little space
for movement.

The field notes identified that availability of the hardware
deviceswas also anissue. For example, in 15 sessions (10.4%),
problems with the generic COWs occurred primarily because
the device ran out of power due to the fact it had not been
recharged or because it did not work when first attempted by
the observed participant. Similar problems were observed with
the ergonomic COW during four sessions.

Results of I nterviews With Nurses and Doctor s

Ten of the 27 observed nurses and two of the eight observed
doctors were interviewed regarding their choice of device for
completing tasksin relation to medications management, results
viewing, or test ordering. All interviewed nurses preferred to
use a generic COW over atablet PC when giving medication,
and three of the nurses reported that they had never used atabl et
PC. The two doctors had both used the tablet PC and generic
COW on ward rounds, but one preferred the tablet PC while
the other preferred the generic COW.

From the responses to the interview questions, which focused
on why doctors and nurses selected or did not select specific
devices, six main themes were identified. These were
availability, speed, mobility, device design, knowledge about
the device, and problems. Eight participants (seven nurses and
one doctor) stated that one of the main reasons for using the
generic COW as opposed to the tablet PC or stationary PC was
the design of the trolley, which had space for the storage of
medication, paper charts and/or other equipment. Despite
comments that the need to recharge the batteries of generic
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COWSswas alimitation and restricted mobility, alarger number
of users stated that the advantage of the generic COWs over the
other devices was better mobility because they can be used
everywhere and because COWSs allow items required for task
completion to be stored on them. In relation to the use of the
tablet PCs, clinicians reported difficulties with the stylus,
including that it made task completion slow. Other limitations
included small screen size and that it was awkward to carry the
tablet PCs while walking.

Nine participants (seven nurses and two doctors) stated that
they had used the tablet PCs in their daily routine. Of the
participantsthat had used atablet PC, two had received training
while four reported having never received training; in addition,
three didn’t comment on whether they had received training.
Five nurses only used the tablet PCs if no generic COWs were
available or the generic COW had crashed. Three nurses stated
they had not used the tablet PCs, and also mentioned that they
had not received any training in the use of the tablet PC. Four

Table4. Physical attributes of the different devices

Andersen et al

nurses reported that they also used stationary PCs when
preparing or witnessing drugs in the medication room asit isat
the point of need.

Results of Assessment of the Physical Attributes of
Hardware Devices

The evaluation of the physical attributes revealed that none of
the devices automatically logged off the PowerChart system or
closed down after a period of inactivity. Additionaly, it was
possible to log on to the PowerChart system from more than
one device at the same time. All devices were connected to the
Internet through the hospital’s wirel ess network.

There were different types of stationary PCsin the two wards.
Six of these had a 15" screen, four had a 17" screen, and two
had a 19" screen (Table 4). In ward B, the stationary PC in the
medication room and the one at the end of the corridor were out
of order throughout the data collection period, and thus the
attributes of these devices were not included in the study.

Stationary PCs Generic COW Ergonomic COW Tablet PC

Number of devices 12 10 1 4

Screen size diagonal (inch) 15", 17", 19" 17 14" 10.5", 12"

Weight (kg) 16,19
Dimensions Trolley Trolley Device

Height min/max (cm) - 73/105 - 77/100 70/110 25-26

Width min/max (cm) - 92/121 - 96/126 53 295-255

Depth (cm) - 37-45 67 25-25
Boot-up times (min)

Mean restart time (SD) 2.54 (1.33) 2.39 (0.46) 213 (-) 3.51(0.41)

Mean start time (SD) 2.16 (1.35) 2.15 (0.50) 1.30(-) 311(1.12)
Time from desktop to log on screen (sec)

Mean 1% time (SD) 20.81 (6.62) 17.23 (2.50) 26.16 (-) 20.68 (7.42)

Mean subsequent times (SD) 16.12 (2.66) 16.05 (1.12) 18.21 (2.94) 15.06 (1.45)
Time from log on screen to system start up (sec)

Mean 1% time (SD) 3.56 (0.57) 3.99 (0.57) 337() 3.84(0.6)

Mean subsequent times (SD) 3.5(0.45) 3.67 (0.48) 5.30 (2.64) 3.6 (0.51)

All generic COWs had a 17" screen laptop placed on top of a
trolley that was adjustablein height (from floor to the keyboard)
and width (Figure 2, C: generic COW). There were two types
of trolleys and each ward had one type. The ergonomic COW
had a 14" screen integrated onto a cart, which was only
adjustable in height (Figure 2, D: ergonomic COW).

There were two types of tablet PCs available in the wards
(Figure 2, A: tablet PC ward A and Figure 2, B: tablet PC ward
B). Thetablet PCsin ward B (Figure 2, B: tablet PC ward B)
were designed with a handle to facilitate transportation, which
was done by hand. The lowermost part of the screen on both
types of tablet PCs contained an onscreen keyboard where the
user, by means of a stylus, interacted with the PowerChart
system.

http://www.jmir.org/2009/3/e32/

Results of Heuristic Evaluation

The main user interface was composed of a topmost header
containing the name of the patient and the patient’s medical
record number. The remaining part of the user interface
comprised tabs, from where it was possible to access the
functionality defined for each clinical task (eg, the medication
administration record [MAR] tab contained detailed information
about the patient’'s medication). In some of the tasks, an
additional window appeared. For example, drug information
could be reached by right clicking on an icon near a specific
drug in the MAR tab and choosing “reference manual”. A new
window then appeared which contained information about the
drug.
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The main difference between using the PowerChart system on
a 17" screen and a 10.5" screen on the tablet PC was that the
system was adjusted to a smaller screen size, and as a resullt,
thefont size and the amount of patient data shown on the screen
decreased. This resulted in the user having to scroll more with
the stylus on a tablet PC to obtain an overview of the
information presented on the screen. Additional usability
problems were discovered in the task “drug information”. In
the pop-up window containing drug information an “ok” button
was placed in the bottom right corner, which wasthe only button
availablefor closing the window and returning to the main user
interface. When the drug information window was opened on
atablet PC, the lower part of the window was hidden behind
the onscreen keyboard and the window needed to be dragged
to a higher position before it was possible to close it.
Additionally, it was only possible to move or reduce the size
of thewindow by dragging in the frame of the window with the
stylus, which wasinconvenient. Thisusability problem was not
present on the evaluated stationary PC.

Discussion

Thisisone of thefirst studiesto investigate computer hardware
selection and to quantify the frequency of use by clinicianrole,
clinical task, and location of use. We found that the choice of
device was related to clinician role, clinical task, degree of
mobility required, and device design. Nurses work, and tasks
performed by doctors during ward rounds, requires highly
mobile computer devices. Nurses and doctors on ward rounds
showed a strong preference for generic COWSs over all other
devices. While the greater availability of the generic COWs
would account for some of their high utilization, preferencefor
the generic COW's was both observed by the researchers and
reported by the clinicians. The ergonomic COW was used
occasionally but often only when the generic COWs were
unavailable. Rarely did nurses elect to use a tablet PC or a
stationary PC.

Nurses Use of Computer Devices

The nurses indicated that they preferred the generic COW due
to its availability, mobility, and design. When not in use the
generic COWSs were placed along the corridor and were easily
accessible to the nurses. The nurses also complimented the
mobility of the device, in that it was easy to move around and
could be used almost everywhere. The design of the generic
COW, which alowed users to store medications and charts,
was highly appreciated by the majority of nurses interviewed.

For nurses a high proportion of clinical tasks were completed
in the patients' rooms and in the corridors. Spacein the patient
rooms was a problem when using the generic COW and
appeared to be asignificant factor preventing nursesfrom using
the COWs at the patients’ bedsides. During the observations,
we noted that when the generic COW was placed near apatient’s
bed, it was often difficult for nurses to access the patient’'s
medication drawer. This resulted in the practice of taking the
patient’s drawer out of the cabinet and placing it on top of the
COW. This was a workaround in response to the space
limitations imposed by the use of the COWs.

http://www.jmir.org/2009/3/e32/
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Although the concept of the ergonomic and generic COWswas
identical (ie, a laptop placed on a trolley), our study showed
large differences in user satisfaction with the two versions of
the COW. The main disadvantage of the ergonomic COW was
that the available table space was in front of the screen. When
nurses placed items on the table space, these items obscured
the screen. Additionally, the ergonomic COW had a14" screen,
whereas the generic COWs had a 17" screen. The ergonomic
COW was also reported as being “hard to push around”. These
findings clearly indicate that the design of mobile devices
impactstheir use, which hasa so been found in different settings
[26]. Krogh et a [27] compared a generic COW with a tablet
PC, in relation to supporting pharmacists clinica
documentation. Based on subjective evaluations, the authors
showed that the pharmacists preferred the tablet PC over the
generic COW. The tablet PC was favored due to the design
because pharmacists found the device easy to manoeuvre during
rounds and the input system (handwriting-to-text functionality)
user-friendly and simple.

Only one nurse in our study was observed using the tablet PC
while giving medication. This nurse placed the tablet PC on an
unused bedside table and rolled this around in the patient room
almost as a substitute for a COW. Nurses reported a lack of
obvious placesto set down the tablet PC while providing direct
patient care as a limitation. This problem was aso identified
by Bogossian et al [28], who found that the portability of tablet
PCs was not viewed favorably. The authors reported that the
tablet PC was placed at a central point and nurses kept coming
back to it since it was inconvenient to carry around. In these
situations, the generic COW, with the available trolley space,
supportswork routinesin a better way and is one of the central
reasons why the majority of nurses chose to use the COWsin
preference to the tablet PCs.

Doctors Use of Computer Devices

Doctors aso preferred the generic COWSs for highly mobile
tasks such as conducting ward rounds. The generic COWswere
preferred particularly on account of the trolley, with table and
storage space, and the larger screen size which easily allowed
more than one person to view the screen. The doctors aso
utilized the tablet PCs on many occasions; however, only the
tablet PCsfrom ward B were used. This suggeststhat the design
of the tablet PCs on ward B was preferable to the design of
those on ward A. Tablet PCs on ward B weighed less and had
a handle which made it easy to transport. Interestingly, when
doctors used the COWs and tablet PCs the majority of this use
occurred in the corridors, with one-third occurring in the
patients rooms, and only asmall proportion at the bedside. The
benefit of mobile devices at the patient’s bedsi de was articul ated
by one doctor who commented that “ you can order and change
medi cations and tests while you talk to and about the patient” .
In astudy by Reuss et a [11], where clinical work routine was
investigated, physicians reported that, if they did not enter
information into the system right away, they felt like they had
to process the job twice. Given that these devices are designed
to enable use and provision of information directly at the point
of care, itissurprising that they were not used at these locations
in more instances. Unlike doctors on ward rounds, doctors not
onward roundswere generally not required to examine patients
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and found it more convenient to use the system on a stationary
PC.

Physical Attributesof Computing Devices|nfluencing
Their Selection and Use

The stylus and the small screen size of the tablet PCs caused
usability problems where scrolling was necessary due to the
screen size but cumbersome to perform with the stylus. These
factors also contributed to nurses selecting devices other than
tablet PCs. Similar problems have been reported by doctors
using laptops [29], and these factors have also been identified
in other clinical settings [30]. Lack and type of training could
also explain the low rates of use of the tablet PCs by nurses,
given that poor user training may relate to poor technology
acceptance [31]. Nurses received forma training in the
PowerChart system away from the wards on stationary PCs,
which are more comparable to |aptops than tablet PCs, since
navigation on tablet PCsisdone using astylus. Although tabl et
PCs had the longest boot-up times, this wait was not reported
as a problem by clinicians and did not appear to have an
influence on device selection.

TheLack of Mobility of “Mabile” Computing Devices

Although many of the devices are intended to be mobile, it is
difficult for them to match the mobility of paper [28]. Five
nurses and one doctor were observed transcribing details about
medication onto anapkin or paper. The“ copy” of the medication
chart was then used by nursesin the medication room to prepare
drugsfor oneor several patients at atime, despite the availability
of astationary PC in the medication room. Copying detailsfrom
the computerized medication chart is another example of a
workaround resulting from the hardware devices failing to
support adequately clinical workflow [32]. Thisworkaround is
inexpedient and can lead to errors [33]. This finding suggests
that despite the necessary information being available on the
stationary PC located in the medication room and users being
able to log in to the PowerChart system at two different
computers simultaneously, nurses find it is easier to copy
information onto paper and, thus, the system is not being used
as intended.

Collaboration and Device Selection

Nurses, doctors on ward rounds, and doctors not on ward rounds
collaborated mostly on the device each group preferred. Both
groups of doctors collaborated when viewing results, whereas
nurses mostly collaborated in order to witness the preparation
of drugs. This indicates that collaboration is not the primary
reason for choice of device. The study also showed that doctors
mostly collaborated with other doctors, and nurses with other
nurses, which is consistent with previous findings [24,34].

Implications of the Resultsfor Health Care Planners

The results provide some key information which may assist
health planners in other hospitals to plan and evaluate their
computer hardware device needs. We found that the number of
COWs (five in one ward and six in the other) in each 26-bed
ward appeared adeguate for the tasks required. However, the
number of clinical functions to be undertaken on computer
devices should be considered. In our study, paper records were
still used to record clinical progress notes. If this function was

http://www.jmir.org/2009/3/e32/
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computerized, demand for computers would be expected to
increase. Physical spacelimitationson award, including access
to a power source, need to be considered when deciding upon
the number of COWs which can be accommodated. This
assessment of space should consider how COWs will move
within patient and treatment rooms on the ward. Important
features of COWSs identified include the capacity to transport
items such as paper charts and medications, and easy
manoeuvrability. Demand for COWs was greatest during ward
rounds; thus, the frequency and timing of ward rounds is a
further consideration in determining the number of COWSs
required.

We found that despite the availability of two tablet PCs on both
wards they were substantially underutilized. Interviews with
nurses revealed that lack of training, specifically in the use of
tablet PCs, may be areason for nurses’ reluctance to use them
more frequently. System training in hospital s usually occurson
stationary PCs with the assumption that skills will be
transferable for use on other devices. Our results suggest this
may not bethe case, and utilization of tablet PCs might increase
with specific training. Tablet PCs with handles were more
frequently used, and this finding suggests that this is an
important design feature to consider during hardware selection.

While there is a constant emphasis on alowing clinicians to
access information at a patient’s bedside, we found that only a
relatively small proportion of clinical tasks were completed at
thislocation with more activity occurring in the corridors. This
result reinforces the need for mobile devices and suggests that
stationary PCs at each patient’s bedside may not be a solution
to clinical information needs.

Limitations

Our findings only relate to device selection in two wardsin one
hospital between theweekday hours of 7 am and 4 pm, and they
may not be generalizable to other settings or times. The type of
medication distribution system, namely the storage of most
medicines in patients' bedside drawers, may have influenced
device preferences and, subsequently, theresults. Wewere only
able to look at devices available in the study wards and, thus,
hardware devices such as personal digital assistants (PDAS)
were not considered. Our hospital was still using paper-based
records for some functions such as clinical progress notes. If a
fully computerized patient record wasin use, the need for trolley
space to place paper charts would be reduced, and there would
be an increased demand for access to hardware devices.
Increasing the use of tablet PCs might be one solution to this
demand, given that they make a reduced claim on the limited
physical space available in most wards. We were only able to
interview a small proportion of clinical staff to obtain data to
inform the observational study results. We relied upon a
convenience sample, and we cannot be sure of the
representativeness of their views. However, the responses of
these participantsin relation to preference for specific hardware
deviceswere consistent with the overall observational findings.
We did not interview staff immediately after each observation
session because this was deemed as potentially disruptive to
clinical care on the ward. Additionally, only two assessors
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completed the heuristic eval uation, instead of the recommended
minimum of three.

Data were entered into the tablet using a stylus to select from
dropdown menus, press buttons, and enter text using agraphical
keyboard interface on the tablet. Handwriting recognition may
have been part of the tablet’s functionality, but the clinical
information systems accessed using the tablet did not allow
handwriting recognition. Thus, we were not able to assess this
feature. The provision of specific training for nursesin the use
of tablet PCs may increase their appeal.

Conclusions

Nurses medication-related tasksrequire high levels of mobility,
and computer devices need to support this mobility. Nurses
move from patient to patient and back and forth between patient
rooms and the medication room. All nurses preferred the generic
COW independent of the clinical task conducted, particularly
asit allowed them to carry other items such as paper records at
the sametime. However, we found evidence that mobile devices
sometimes limit nurses’ mobility. In response, nurses may
initiate workarounds, such as transcribing information from
computer to paper rather than carrying a computer device or
logging onto an available stationary PC in another location.

Andersen et al

Doctors' choice of device is dependent on whether or not they
are on award round. On ward rounds, doctors move between
patients and back and forth between the patient room and the
corridor and, thus, require a mobile device. While mabile
devices are designed to allow greater provision of information
at the point of care, we found over half of observed ward round
tasks were performed in corridors and away from patients
rooms. The results indicate that a doctor’s choice of mobile
device is individual and dependent on device design. Doctors
not on ward rounds tend to conduct clinical tasks in the same
spot, and their device of choiceisthe stationary PC in an office.
Tablet PCs with handles were preferred to those without.

In selecting hardware devices, consideration should be given
to those who will be using the system, and the nature and
location of their clinical tasks, including whether ward rounds
are afreguent occurrence. Furthermore, the extent to which the
physical layout of award will accommodate different types of
stationary and mobile computing devices should be considered.
Devices which alow clinicians to provide care close to a
patient’s bedside, but which are al so easily manoeuvred to other
ward locations, may reduce the initiation of potentially unsafe
workaround practices.
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Abstract

Background: Internet peer support groups for depression are becoming popular and could be affected by an increasing number
of social network services (SNSs). However, little is known about participant characteristics, social relationships in SNSs, and
the reasons for usage. In addition, the effects of SN'S participation on people with depression are rather unknown.

Objective: Theaimwasto explorethe potential benefits and harms of an SNSfor depression based on aconcurrent triangulation
design of mixed methods strategy, including qualitative content analysis and social network analysis.

Methods: A cross-sectional Internet survey of participants, which involved the collection of SNS1og files and a questionnaire,
was conducted in an SNSfor people with self-reported depressive tendenciesin Japan in 2007. Quantitative data, which included
user demographics, depressive state, and assessment of the SNS (positive vs not positive), were statistically analyzed. Descriptive
contents of responses to open-ended questions concerning advantages and disadvantages of SNS participation were analyzed
using the inductive approach of qualitative content analysis. Contents were organized into codes, concepts, categories, and a
storyline based on the grounded theory approach. Social relationships, derived from data of “friends,” were analyzed using social
network analysis, in which network measures and the extent of interpersonal association were calculated based on the socia
network theory. Each analysis and integration of results were performed through a concurrent triangulation design of mixed
methods strategy.

Results. There were 105 participants. Median age was 36 years, and 51% (36/71) were male. There were 37 valid respondents;
their number of friends and frequency of accessing the SNS were significantly higher than for invalid/nonrespondents (P = .008
and P = .003). Among respondents, 90% (28/31) were mildly, moderately, or severely depressed. Assessment of the SNS was
performed by determining the access frequency of the SNS and the number of friends. Qualitative content analysisindicated that
user-selectable peer support could be passive, active, and/or interactive based on anonymity or ease of use, and there was the
potential harm of a downward depressive spiral triggered by aggravated psychological burden. Socia network analysis reveal ed
that users communicated one-on-one with each other or in small groups (five people or less). A downward depressive spiral was
related to friends who were moderately or severely depressed and friends with negative assessment of the SNS.

Conclusions: An SNSfor people with depressive tendencies provides various opportunities to obtain support that meets users
needs. To avoid a downward depressive spiral, we recommend that participants do not use SNSs when they feel that the SNSis
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not user-selectable, when they get egocentric comments, when friends have a negative assessment of the SNS, or when they have

additional psychological burden.

(J Med Internet Res 2009;11(3):€29) doi:10.2196/jmir.1142
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Introduction

Mental health topics are especially popular on the Internet, and
there are high levels of untreated and undiagnosed depression
in users of Internet depression communities [1]. Depression is
an important globa public health issue, and an effective
approach to prevention may involve the targeted screening of
people with chronic diseases as well as those with social
isolation [2-5]. Peer support—providing support based on
mutual counseling and the sharing of information and
experience—is becoming an increasingly important strategy in
health care environments that face shrinking financial and
human resources [6,7]. Although many Internet-based support
groups have emerged, a systematic review did not find
conclusive evidence concerning the health benefits of virtual
communities and peer-to-peer online support [8]. The benefits
of Internet-based support groups for depression have been
assessed in two independent studies [9,10].

We have also witnessed a new revolution in the field of
communication through the Internet, called Web 2.0[11]. Socia
network services (SNSs), such as MySpace or Facebook, are
Internet-based Web 2.0 applications that allow the building of
online social networks where individuals can share interests
and activities. SNS users have increased in number all over the
world. Moreover, SNSs for specific health-related purposes
have emerged (eg, for quitting smoking or for peoplewith cancer
or amenta health disorder). A few studies have examined the
risks of MySpace for adolescents [12-15]. However, no
SNS-related studies on depression or peer support existed in
PubMed as of February 2009. SNSs have thus far been used
without knowledge of their benefits and harms.

These social backgrounds have prompted the hypothesis that
SNS users with depressive tendencies may wish to seek out

http://www.jmir.org/2009/3/e29/

their peers and information on depression from their peers.
Inherent in this, however, are the detrimental effects of Internet
addiction [16] and psychological distress [17]. Some recent
studies have shown that obesity, smoking, and happiness can
spread through social networks in what is termed a “ network
phenomenon” [18-20]. This may suggest that negative effects
of SNSs can be exaggerated by Internet social networks.
Therefore, we sought to address the following questions: (1)
What are the characteristics of SNS participants? (2) What kinds
of social relationships aretherein SNSs? and (3) Why and how
do participants use SNSs? These questions are both quantitative
and qualitative. Hence, we quantitatively examined
characteristics and social relationships and qualitatively
examined reasons for usage and the process of SNS usage.
Finally, this study aimed to explore the potential benefits and
harms of SNSsfor people with depressive tendencies in Japan
through a concurrent triangulation design of mixed methods
strategy (combining quantitative and qualitative methods) and
to produce converging findings from both methods [21-24].

Methods

Study Setting

An SNSwaslaunched by anindividual in April 2006 for people
in Japan with self-reported depressive tendencies (Figure 1).
Registrantsin the SNS described themselves as (1) people who
were/ had been depressed, (2) peoplewho had family or afriend
who was depressed, (3) people who had concerns about
depression, or (4) psychiatrists or clinical psychotherapists.
They had voluntarily registered in the SNS, which was free of
charge and had standard SNS functions. Generaly, SNSs in
Japan have the following functions. an “invitation” function, a
“footprints’ function, a “privacy controls’ function, and a
function to access the SNS from cell phones.
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Figurel. Screenshot of the SNS home page for people with depressive tendencies (Friends: online friends whose profiles are featured aslinks on one's
own profile. Communities: online communities for people with similar interests or activities. Messages: online messages, such as Web-based email.
Information: displays information from the administrator. Invitation function: users who want to participate need an invitation from a participant for
registration. Footprints function: participants can ascertain and access the history of another participant. Privacy controls function: participants can

choose who can view their profile or contact them.)

Study Design and Participants

The study was an observational cross-sectional study in which
we conducted two different surveys. In the first survey, the
administrator extracted SNS log files, which are electronic
recordsfrom the SNS database. In the second survey, an Internet
guestionnaire survey of participants was conducted during
March and April 2007. After developing a Secure Sockets Layer
compatible website and pretesting for usability and technical
functionality, unique | Ds and passwords were individually sent
to participants through “messages’ in the SNS (a nonopen,
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password-protected survey). Research methods have been
presented in compliance with the checklist for reporting results
of Internet e-surveys (CHERRIES) [25].

We addressed potential sources of bias. Given that participants
were SNS users, wetried to contact them only through the SNS
to avoid causing changesin the participants’ behavior. In order
to evaluate the reliability of the Internet survey, we compared
responses on the questionnaire to data from SNS log files
regarding age, gender, and frequency of access. Participants
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wererequired tolist their diagnoses and medications, and these
data were confirmed by a psychiatrist (C Uchida).

M easures

SNS log files included access logs and data in “profiles,”
“blogs,” “communities,” and “friends’ (see Figure 1). “Friends’
included data of the participant’s network of “friends’ (seethe
Glossary in Multimedia Appendix 1). The questionnaire for the
Internet survey included a total of 67 items related to
characteristics, activities, and outcomes of four Web pages.
Items related to characteristics included age, gender, time of
Internet use, job status, whether or not the person lived alone,
diagnosis of mood disorders, and assessment of mood states by
the Zung Self-Rating Depression Scale and a numerical rating
scale. The depression scale ranged from 20 (no depression) to
80 (major depression) and was categorized as follows. not
depressed (< 39), mildly depressed (40-47), moderately
depressed (48-55), and severely depressed (= 56) [26,27]. Mood
states were measured by a numerical scale that ranged from 0
(good mood) to 10 (bad mood) [28] in the following three
situations: (1) during normal time (not using the SNS or
Internet), (2) while using the Internet, and (3) while using the
SNS. Items related to activities included profile display,
frequency of accessing the SN, frequency of updating blogs
(threetimes or more per week vslessthan three times per week),
number of communities, and number of friends. Items related
to outcomes in the assessment of the SNS were evaluated by
the question, “Do you feel your sense of illness management
for depression improved compared to before participating in
the SNS?’" Response choices were “much more,” “more,” “no
change,” or “less” “Much more” and “more” were classified
as“ positive assessment,” and the other responseswere classified
as “not positive assessment.” Moreover, the descriptive
open-ended question “What are the advantages and
disadvantages of participating in the SNS?’ was included to
explore potential effects of the SNS. Answers to the Internet
guestionnaire were checked for consistency and saved page by
page. All saved data, both complete and incomplete, were
analyzed.

Framework of Analytic M ethodology

We used the concurrent triangul ation design of mixed methods
strategy to analyze both quantitative and qualitative data with
qualitative priority [23,24]. First, we examined participant
characteristics using statistical analyses (see Step 1 below).
Second, we examined reasons for SNS usage and the process
of SNSusage with qualitative content analysis[29,30] (see Step
2). Third, we examined the relationships between participants
using social network analysis [31-34] (see Step 3). After
guantitative and qualitative research questions were examined,
these results were integrated based on the mutual validation
model, which regardsthe search for convergent findings deemed
to be validity indicators as the most important purpose of
triangulation [23]. We explored potential benefits and harms
using qualitative results, while we inferred the extent of the
benefits and harms using quantitative results. Discrepanciesin
the results were interpreted and discussed at the discussion
session. Multimedia Appendix 2 provides a summary of the
framework of analytic methodol ogy.
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Step 1: Statistical Analyses

To compare variabl es between groups, we used the Fisher exact
test for two categorical variables, Pearson chi-sguare test for
three or more categorical variables, and Student t test for
continuous variables. The Mann-Whitney U test was used for
age, communities, friends, and centrality given that the
distribution was estimated to be skewed. Valid respondents,
who answered any item in the questionnaire, were compared to
invalid/nonrespondents, and peoplewith a“ positive” assessment
of the SNS were compared to people with a “not positive’
assessment. All statistical analyseswere performed using SPSS
15.0J(SPSSInc, Chicago, IL, USA). All P valueswere 2-sided,
with P <.05 considered statistically significant.

Step 2: Qualitative Content Analysis

Descriptive contents of responses to open-ended questions
concerning advantages and disadvantages of SNS participation
were analyzed using the inductive approach of qualitative
content analysis[29,30]. In content analysis, it is assumed that
words and phrases that are mentioned often reflect important
concerns[35]. However, contents can invol ve multiple meanings
and be latent as well as manifest [29]. In order to achieve
trustworthiness [30], contents were inductively organized into
codes, concepts, categories, and a storyline based on the
grounded theory approach, a commonly used systematic
qualitative research method to generate theoriesregarding social
phenomena[21,22,36].

The analysis was performed by multidisciplinary members: a
nurse, a pharmacist, and two public health researchers (Y
Takahashi and M Sakai). All responseswereread and interpreted
repeatedly. After discussing the meanings of responses, acoding
frame was developed and sentences were coded for analysis. If
new codes emerged, the coding frame was changed and
sentences were re-read according to the new structure. This
constant comparison process was al so used to devel op concepts,
which were then conceptualized into broad categories after
further discussion. After discussing the relationship of codes,
concepts, and categories, we generated a storyline. We used
ATLAS:Li 5.2 (Scientific Software Development GmbH, Berlin,
Germany) for data analysis.

Step 3: Social Network Analysis

Data on social relationships among participants were analyzed
based on the social network theory [34], in which people were
defined as nodes, and relationships were defined as linkages
among nodes [31-34]. Social network analysisis the study of
socia structure that provides a means to quantitatively explore
social relationships between people. Commonly used by
sociologists, its use in health-related fields is increasing as an
effective approach for research centered on describing,
exploring, and understanding the relational aspects of health
[18-20,32,33]. Network measures and the extent of interpersonal
association were calculated based on the theory. The overall
socia network was graphed with the Kamada-Kawai algorithm
using Pajek 1.20 software (University of Ljubljana, Slovenia)
from data in “friends’ [18-20], according to the sociocentric
network approach [31,32]. To identify characteristics of an
individual within a network, centrality was measured by (1)
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degree, (2) closeness, and (3) betweenness [31-33]. These
measures of centrality identify the most prominent individual.
Degreerefersto the sum of individualswho are linked together.
Closeness refers to the distance between individuals.
Betweenness refers to the number of times an individual
connects pairs of others; peoplewith high betweenness centrality
are able to play a gatekeeper role, controlling the flow of
resourcesin the network. To examine characteristics of agroup,
cliques were counted that included three or more individuals
connected by all possible connections. These network measures
were analyzed using UCINET 6.1 (Analytic Technologies,
Lexington, KY, USA).

In order to evaluate the extent of interpersonal association asa
whole (whether people with similar attributes tended to be
connected with each other or not), we counted numbers of
connections sorted by type, including assessment of the SNS
(positive vs not positive), depressive state (moderately or
severely depressed vs not moderately or severely depressed),
and frequency of accessing the SNS (three times or more per
week vs less than three times per week). Then we computed
odds ratios and 95% confidence intervals. For example,
assessment of the SNS was defined as follows: P was a person
with a “positive” assessment of the SNS; p was a friend with
“positive” assessment; N was a person with “not positive’
assessment; nwas afriend with “not positive” assessment; p_P
wasthe number of friendswith * positive” assessment for people
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with a*“positive” assessment. The odds ratio for assessment of
the SNS was computed by (p_ P/ n_P)/ (p_N/n_N).

Ethical Consider ations

We prepared asite that explainsthe study [37]. We also declared
that we collected the SNS|og fileswithout personal information
and provided an opportunity for refusal (opt-out recruitment).
Informed consent was requested from all participants on the
first page of the questionnaire (opt-in recruitment). Quantitative
data without personal information in SNS log files were
collected and analyzed. The questionnaire and SNS log files
were anonymized in alinkable fashion. The study protocol was
approved by the Ethics Committee of Kyoto University Faculty
of Medicine (No. E254, January 12, 2007).

Results

Statistical Analyses

Of thetotal registrants (N = 116), eight people withdrew. Three
people were excluded because one was the administrator and
two had registered within the week before collection of data
fromthe SNSlog files. Participants (N = 105) were the subjects
for the SNS log file analysis. Among the 40 people who
responded to the questionnaire, three people were excluded
because no item was answered. Valid respondents (N = 37)
were the subjects for the questionnaire analysis (Figure 2).
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Figure2. Flow diagram of subjects surveyed and analyzed: “Participants’ were subjects of the SNSlog fileanalysis; “ Valid respondents’ were subjects
of the Internet questionnaire analysis; “Withdrew” refers to people who had deleted their accounts themselves; “Exclusion” refers to people who were
excluded (one was the administrator, and two had registered within the week before collection of data from the SNS log files); “Respondents’ were
people who provided informed consent; “Valid respondents’ were people who answered any item of the questionnaire; “Invalid respondents’ were
people who did not answer any item, athough they provided informed consent. T is subjects of the SNSlog file analysis. ¥ is subjects of the Internet
guestionnaire survey analysis.

Participants (N = 105) had the following characteristics (Table phone, frequency of updating blogs, and “friends’ of valid
1): median age was 36 years (range 21-57), 36/71 (51%) were respondents were significantly higher compared to
male, and 47/102 (46%) logged in threetimes or more per week.  invalid/nonrespondents (P = .003, P = .02, and P = .008,
Frequency of accessing the SNS by personal computer or cell  respectively).
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n? Total Response to the Questionnaire P
(N =105) Valid Respondents Invalid/Nonrespondents?
(N=37) (N =68)
Characteristic
Agein years, median (range) 105 36 (21-57) 37 (21-52) 33 (22-57) 09°
Male, n (%) 71 36 (51) 16 (43) 20 (59) 24
Profile, n (%) 105 97 (92) 34(92) 63 (93) god
Accessing the SN sin (%)
By personal computer 102 47 (46) 24 (67) 23 (35) 003¢
or cell phone
By cell phone 102 6 (6) 13 5(8) god
Updating blogs, n (%) 102 16 (16) 11(31) 5(8) o
Communities, median (range) 105 3(2-15) 2(2-12) 3(2-15) 051¢
Friends, median (range) 105 2(0-42) 7(0-27) 2(0-42) .008°
Relationship (social network analysis)
Centrality, median (range)
Degree 105 2 (0-42) 7(0-27) 2 (0-42) 008°
Closeness 105 2011 (1925-2177) 1992 (1948-2177) 2011 (1925-2095) 02°
Betweenness 105 1.1 (0-1718) 27.2 (0-960) 0(0-1718) 002°

8 Several itemsincluded missing data.

b nvalid respondents (N = 3); nonrespondents (N = 65).
¢ Mann-Whitney test.

9 Fisher exact test.

€ Number of people who had written their profile.

f Three times or more per week.

Table 2 shows characteristics of valid respondents (N = 37).
Median agewas 37 years (range 21-52), and 16/37 people (43%)
were male. Moreover, 32/35 people (91%) could be diagnosed
with mood disorders, 28/31 (90%) were mildly, moderately, or
severely depressed, and 19/37 (54%) had a“ positive” assessment
of the SNS. The frequency of accessing the SNS by personal
computer or cell phone and “friends’ of peoplewith a“positive’

http://www.jmir.org/2009/3/e29/

RenderX

assessment of the SNSwere significantly higher than for people
with a “not positive” assessment (P = .02 and P = .01,
respectively). When comparing the mood state (measured by
the numerical scale) while using the SNS and during normal
time, people with a “positive” assessment of the SNS showed
a greater improvement in their mood than people with a “not
positive” assessment (P = .07).

JMed Internet Res 2009 | val. 11 |iss. 3 €29 | p.85
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Takahashi et a

Table2. Characteristics and outcomes of valid respondents (N = 37)

n@ Total Assessment of the SNSP pc
(N=37) Positive Not Positive No Assessment
(N =19) (N=16) (N=2)
Char acteristic
Age, median (range) 37 37 (21-52) 37 (26-51) 32 (21-52) 44.5 (40-49) 304
Male, n (%) 37 16 (43) 8(42) 7 (44) 1 (50) 998
Internet use (per week), n 35
40+ hours 3 2 1 0 66
10-39 hours 19 8 9 2
< 9 hours 13 8 5 0
Not working, no (%) 34 16 (47) 11 (58) 5(33) 0(0) 198
Living alone, n (%) 17 5(29) 2(18) 3(50) 0(0) g8
Diagnosis, n (%) 35 32(91) 19 (100) 12 (80) 1 (100) 08¢
Medication, n (%) 37 27 (73) 17 (89) 10 (63) 0(0) 11¢
Profile.d n (%) 37 34(92) 17 (89) 15 (94) 2 (100) 998
Accessing the SN S,h n (%)
By personal computer 36 24 (67) 16 (89) 8 (50) 0(0) 028
or cell phone
By cell phone 36 1(3) 1(6) 0(0) 0(0) 99°
Updating blogs," n (%) 36 11(31) 6(33) 5(31) 0(0) 99°
Communities, median (range) 37 2(2-12) 2(2-12) 2(2-6) 3(2-9) 719
Friends, median (range) 37 7 (0-27) 8(1-21) 2(0-27) 2(1-3) o9
Relationship (social network analysis)
Centrality, median (range)
Degree 37 7(0-27) 8 (1-21) 2(0-27) 2(1-3) 018
Closeness 37 1992 (1948-2177) 1977 (1951-2177) 2008 (1948-2034) 2056 (2034-2078)  (3d
Betweenness 37 27 (0-960) 74 (0-459) 3(0-960) 0(0-0) 02
Outcome
Depressive state, mean + SD 31 509+9.7 528+87 50.4 + 9.0 385+19.1 47
Not depressed, n 3 0 2 1 2of
Mildly depressed, n 6 5 1 0
Moderately depressed, n 12 5 6 1
Severely depressed, n 10 6 4 0
Mood state,k mean + SD
(A) During normal time 31 56+23 62+21 5521 15+21 41
(B) While using the Internet 31 49+24 56+22 47+23 15+21 31
(C) While using the SNS 31 51+£20 50+20 56+16 20+£28 37
Difference (B) - (A) 31 -0.7+20 -06+23 -08+19 0.0+ 0.0 79
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n? Total Assessment of the SNS? pc
(N=37) Positive Not Positive No Assessment
(N=19) (N =16) (N=2)
Difference (C) - (A) 31 -05+1.9 -12+23 01+12 05+0.7 o7

8 Several items included missing data.

b Assessment of the SN'S was evaluated by the question “Do you feel your sense of illness management for depression improved compared to before
participating in the SNS?’ Response choices were “much more,” “more,” “no change,” or “less” “Much more” and “more” were classified as “ positive
assessment,” and the other responses were classified as “not positive assessment.”

€ Comparing positive and not positive assessments of the SNS.
dm ann-Whitney test.

€ Fisher exact test.

" Pearson chi-square test.

9 Number of people who had written their profile.

P Three times or more per week.

i Depressive states were measured by the Zung Self-Rating Depression Scale and were categorized as follows: not depressed (< 39), mildly depressed

(40-47), moderately depressed (48-55), and severely depressed (= 56).
) Student t test.

K Mood states were measured by the numerical scale, which ranged from 0 (good mood) to 10 (bad mood).

Qualitative Content Analysis

Potential benefits and harms were examined by qualitative
content analysisfor 30 valid answersto the open-ended question;
19 concepts and 7 categories were developed (Table 3). A
developed concept was described by < >, and a developed
category was described by << >>.

Through the analysis, we generated the following storyline that
described the reasons and process of SNS usage. The positive
comments reveal ed that some channels (eg, message, blog, and
community) or some functions (eg, invitation function, footprints
function, and privacy controls function) ensured <<Advantage
conditions>>  like <Anonymity>, <Easiness>, and
<Expectation>, creating adomain where participants could face
each other honestly and obtain <<peer support>>. Thisindicated
that the SNS helped network members (1) <Recognize the
existence of peers>, who were others suffering from a similar
disease; (2) <Acquire information> about their disease,
treatment, and experience; (3) <Narrate their experience>; (4)
<Support each other> through online interaction; and (5)

http://www.jmir.org/2009/3/e29/

<Encourage peer support> more quantitatively and/or
qualitatively (they made more friends and/or they got closer
friends). As an <<Advantage consequence>>, peer support
enabled them to understand themselves and <Feel positive>.
For some participants, peer support may even have led to
<Changing behavior>, such as changing treatment as a
conseguence of the support.

On the other hand, few participants listed <Egocentric
comments> and <Infrequent usage> as <<Disadvantage
conditions>> of participation. <Solely cyber communication>
with the SNS and intensified <Dependency> by depressed
people were identified as negative aspects that encumbered
some members with additional psychological burdens. Such
increases in psychological burden could subsequently trigger a
<Downward depressive spira>, with the SNS exacerbating
certain  members  symptoms, like <Reading negative
comments>, <Being depressed>, and <Writing negative
comments>. As a <<Disadvantage conseguence>>, they
experienced <Disappointment> in SNS participation.
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Assessment of the SNS (N = 30)2

Positive Not Positive No Assessment
(N=19) (N =10) (N=1)
Advantage Aspect b
<<Advantage conditions>>
<Anonymousness> 54 30, 114
<Easiness> 95 85
<Expectation> 69 85
<<Peer support>>
<Recognizing the existence of peers> 9, 24, 39, 76, 84, 95, 96 19 93
<Acquiring information> 39, 76, 95 64
<Narrating their experiences> 24,57,76
<Supporting each other> 24, 49, 58, 70, 84, 92, 95, 113 19, 55, 64, 87, 114
<Encouraging peer support> 3,21, 105 64, 106
<<Advantage consequence>>
<Feeling positive> 9, 21, 39, 58, 76, 92 59 93
<Changing behavior> 49, 76, 113
Disadvantage Aspect
<<Disadvantage conditions>>
<Egocentric comments> 3
<Infrequent usage> 69, 96 106, 114
<<Additional psychological burdens>>
<Solely cyber communication> 57,76 64
<Dependency> 21,24 59, 109
<<Downward depressive spiral>>°®
<Downward depressive spiral >° 87
<Reading negative comments> 58 30
<Being depressive> 39,70 109
<Writing negative comments> 58
<<Disadvantage consegquence>>
<Disappointment> 30

@ Numbers stand for anonymous registrants’ |Ds, corresponding to Figure 3.

b< > denotes a concept; << >> denotes a category.

€ After <Downward depressive spiral> was developed as a concept, a category <<Downward depressive spiral>> was developed that included four
concepts: <Downward depressive spiral>, <Reading negative comments>, <Being depressive>, and <Writing negative comments>.

Social Network Analysis
Figure 3 depicts the socia network of the 105 participants.

The number of cliques was 115, and the two biggest cliques
each included five people, (IDs 9, 61, 76, 99, 112 and IDs 58,
86, 99, 110, 111), which meant they were friends with each
other. Thetop five registrants (in order) as measured by degree
centrality were 99, 114, 9, 70, and 36; by closeness centrality,
were 99, 114, 9, 65, and 21; and by betweenness centrality, were

http://www.jmir.org/2009/3/e29/

99, 114, 70, 9, and 49. Peopl e using the SN S frequently, having
more friends, and with a “positive” assessment seem to be
clustered around the central region of Figure 3. Some
gatekeepers, such as 99, 114, and 70, who had high betweenness
centrality, are also connected to individualsin the periphery of
the figure. ID 114 had some friends who were moderately or
severely depressed, such as 57, 58, 60, and 87. ID 114 was
unsatisfied with <Infrequent usage>, although pointing out
<Anonymity> and <Supporting each other> as advantages of
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the SNS. ID 87, whoisafriend of 114, pointed out the potential
harm, using the words “downward depressive spiral.”

Interms of the extent of interpersonal association, the oddsratio
(95% confidence interval) for assessment of the SNS, depressive
state, and frequency of accessing the SNS was 1.0 (0.5-2.2),
0.9 (0.3-2.6), and 0.9 (0.5-1.5), respectively.

Figure 3. Social network in the SNS. Each node with a number represents one person. Numbers refer to anonymous registrants’ |Ds, corresponding

to Table 3. Each line between nodesindicates a“friend” relationship. Depressive states, assessment of the SNS, and mood states are explained in Table
2. We compared the mood states in two situations: (A) during normal time (time not using the SNS or Internet) and (C) while using the SNS. “Better

than during normal time” means that the mood state in (C) is better than the mood state in (A).
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Discussion

Main Findings

Most participants in this study were depressed, since 32/35
people (91%) could be diagnosed with mood disorders and
28/31 people (90%) had depressive tendencies, being either
mildly, moderately, or severely depressed as measured by the
depressive scale. The median age of participantswasin the late
30s, older than users of MySpace or mixi, who tend to be
adolescents. Almost half of valid respondents (16/34) were not
working, which might suggest that people over 30 had trouble
at work dueto adepressive state. The data showed that the SNS
was used by most participants since 34/37 (92%) had written a
profile and 24/36 (67%) accessed the SNS three times or more
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per week. However, only a few people updated their blogs
and/or registered in alarge number of communities (see Table
1).

Qualitative content analysisindicated that the SNS could provide
various types of peer support that users could select based on
anonymity and ease of use. User-selectable peer support was
passive, active, and/or interactive. On the other hand, therewas
the potential harm of a downward depressive spira triggered
by aggravated psychological burden. Socia network analysis
showed that users communicated one-on-one with each other
or in small groups since the median of friends was three and
thelargest group included only five people. It also implied that
a downward depressive spira was related to friends who were
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moderately or severely depressed and friends with negative
assessment of the SNS.

Potential Benefits of SNS Participation: Peer Support

The SNS could provide user-selectable peer support. One
participant felt encouraged, recognizing that a peer who was
more depressed than he/she was continued to persevere (ID 9's
comment). At times, participants also felt empowered by giving
support to others. As peer support was not aone-way interaction
from the less depressed individual to the more depressed
individual, it could be passive, active, and/or interactive.
Accordingly, peer support might spread incrementally in the
SNS. Moreover, participants could decide for themselves how
many friends they connected with and how close they became
to these friends. Therefore, a peer support SNS could meet
participants needs, such as avoiding faceto-face
communication and maintaining privacy, while providing peer
support. Given that SNSs are widely used among the public,
this suggests that SNSs offer effective opportunities for people
with depressive tendencies to obtain peer support.

Potential Harm of SNS Participation: Downward
Depressive Spiral

As mentioned in the qualitative content analysis, a detrimental
effect can result given that depressive tendencies can be
exacerbated by cyber communication and dependency can be
intensified for peoplewith higher depressive tendencies. Dennis
[6] aso points out that an adverse outcome from peer support
is the potential for emotional over-involvement that results in
contagion stress. The downward depressive spiral emerged in
part of the SNS, possibly because people with depressive
tendenciestend to have greater dependency or because the mood
state while using the SN'S can worsen compared to normal time
or while using the Internet if people had a “not positive’
assessment of the SNS. In contrast, socia network analysis
showed that people with similar attributes, such as assessment
of the SNS, depressive state, and frequency of accessing the
SNS, did not tend to be connected with each other asawhole.

There is a potential discrepancy between the results of the
gualitative content analysis and social network analysis. We
interpret this discrepancy asfollows. The SNS could, asawhole,
prevent participants from experiencing the downward depressive
spiral becauseit provides adomain where participants can face
each other honestly. However, content analysis presented the
possibility that the downward depressive spiral is an adverse
event resulting from SNS participation. Future studies will be
required to fully resolve this discrepancy.

Limitationsand Strengths

Our study has several limitationsand strengths. We acknowledge
that group members were not selected through theoretical
sampling and were by no means a representative sample of
patients with clinical depression. However, they were people
with complaints of depression who used the SNS. A study
reported that the suicide rate from 2003 to 2004 in the United
States increased, and the influence of Internet social networks
wasincluded as a potential factor to consider [38]. The need to
examine relationships between Internet social networks and
depression or suicide must be addressed.

http://www.jmir.org/2009/3/e29/
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We al so acknowledge that the sample size was very small (105
total group members). A limitation of this study is determining
if the results are representative because the study included just
one SNS, which had a small number of members. Moreover,
the survey was done through the Internet, and the ratio of
respondents was relatively low (34%). To address selection
bias, we  compared valid respondents  with
invalid/nonrespondents using SNSlog files, which showed that
people using the SNS frequently were selected. To address
information bias, we confirmed the answers' reliability and that
the questionnaire responses corresponded with the SNS log
files.

Finally, this study was designed as a cross-sectional survey, so
we could not estimate causality between the SNS's effects and
outcomes. As new information technology on the Internet is
being developed, recently referred to as Web 3.0 [39], new
technol ogies and services emerge and are put to use even before
their benefits or harms are assessed. 1t might be not practical to
examine the SNS by an experimental study because it will not
be used until afew years later. However, it is useful to research
existing technologies using observational studies since most
new technologies stand on the shoulders of existing
technologies.

Implications

We believe that this study has three public health implications.
First, this study evaluated potential benefits and harm of SNSs,
which are widely used among the public. Since SNSs can
addressindividual needsof thepublic, itisimportant to analyze
consumers needs from the viewpoint of consumer health
informatics[40,41]. Finding aba ance between potentia benefits
and harms[15] contributesto both health and eHealth providers
aswell as patients and SNS users. Moreover, these benefitsand
harms could spread as“ network phenomena’ [18-20]. From the
perspective of public health, it is important to prevent initial
undesirable events. Desirable intervention would also provide
desirable results.

Second, this study used mixed methods, combining content
analysis of qualitative data with socia network analysis of
guantitative data. These data were derived from questionnaires
and SNSlogfiles. A qualitative approach isrequired to analyze
relationships among people, and therefore this mixed methods
strategy could be useful for exploring social networks.

Finally, this study suggested that the SNS was a kind of social
network, as depicted in Figure 3. Features of Web 2.0 in health
care, called Medicine 2.0, are socia networking, collaboration,
participation, apomediation, and openness [42]. Therefore, in
thefuture, personally controlled online health datausing Google
Health or Microsoft HealthVault [43] could be linked by a
common application programming interface for social
applications across multiple websites (eg, OpenSocial) [44]. In
future studies we believe it will be necessary to consider the
influence of interpersonal associations or social networks.

Conclusions

A peer support SNS for people with depression might offer
effective opportunities to obtain support for people with
depressive tendencies because the SNS can provide
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user-selectable passive, active, and/or interactive peer support
based on anonymity or ease of use. It can meet participants
needs, such as avoiding face-to-face communication and
maintaining privacy, while providing peer support. On the other
hand, to avoid a downward depressive spiral, we recommend
that participantsrefrain from using the SNS when they feel that
the SNS is not user-selectable (eg, when they get egocentric

Takahashi et al

comments, when friends have anegative assessment of the SNS,
or when they have an additional psychological burden).

As communication on the Internet becomes more social, the
mixed methods strategy used here, combining content analysis
of qualitative data and social network analysis of quantitative
data, is available to explore benefits and harms of this
communication.
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Abstract

Background: The advent of Internet-based self-help systems for common mental disorders has generated aneed for quick ways
to triage would-be users to systems appropriate for their disorders. This need can be met by using brief online screening
guestionnaires, which can also be quickly used to screen patients prior to consultation with a GP.

Objective: To test and enhance the validity of the Web Screening Questionnaire (WSQ) to screen for: depressive disorder,
alcohol abuse/dependence, GAD, PTSD, socia phobia, panic disorder, agoraphobia, specific phobia, and OCD.

Methods: A total of 502 subjects (aged 18 - 80) answered the WSQ and 9 other questionnaires on the Internet. Of these 502,
157 were assessed for DSM-IV-disorders by phone in aWHO Composite International Diagnostic Interview with a CIDI-trained
interviewer.

Results: Positive WSQ “diagnosis’ had significantly (P < .001) higher means on the corresponding validating questionnaire
than negative WSQ “diagnosis’. WSQ sensitivity was 0.72 - 1.00 and specificity was 0.44 - 0.77 after replacing three items
(GAD, OCD, and panic) and adding one question for specific phobia. The Areas Under the Curve (AUCs) of the WSQ's items
with scaled responses were comparable to AUCs of longer questionnaires.

Conclusions: The WSQ screens appropriately for common mental disorders. While the WSQ screens out negatives well, it also
yields a high number of false positives.

(J Med Internet Res 2009;11(3):€19) doi:10.2196/jmir.1134

KEYWORDS
Depression; anxiety; mental disorders, common; needs assessment; Internet; online systems

preferably be conducted viathe Internet, as it offers quick and
easy access to large numbers of users at alow cost [5,6]. This
kind of questionnaire could also assist professionals such as

Introduction

The thriving development of Internet-based self-help aids [1]

for particular mental disorders [2,3] has generated a need for
quick waysto triage would-be users to systems appropriate for
their disorders. Many sufferers do not easily recognize their
particular mental problem [4] and could be guided by a
Web-screening questionnaire to a self-help system appropriate
for their problem. This could reduce the likelihood of their
becoming disenchanted with using a self-help system not
intended for their disorder. Such a questionnaire would

http://www.jmir.org/2009/3/e19/

genera practitioners (GPs) in screening their patients prior to
consultation.

The screening must be brief, as subjectswill undergo screening
more readily if it is short, quick [7], and easy to read. A few
brief online screening questionnaires [8-10] appear to bereliable
and valid. The Internet-based Self-assessment Program for
Depression (ISP-D [10]), for example, reported sensitivity,
specificity, positive predictive values (PPV), and negative
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predictive values (NPV) for major depressive disorder of 0.82,
0.73, 0.67, and 0.86, respectively [10]. Sensitivity of another
online test, the Web-Based Depression and Anxiety Test
(WB-DAT [8]), ranged from 0.71 to 0.95, while specificity
ranged from 0.87 to 0.97 for major depressive disorder (MDD),
obsessive compulsive disorder (OCD), post-traumatic stress
disorder (PTSD), panic disorder with and without agoraphobia,
and social phobia. Sensitivity for generalized anxiety disorder
(GAD) was somewhat lower (0.63). However, existing online
screening questionnaires do not assess all mental disorders for
which self-help systems are now being created. To reduce this
paucity, we developed a brief online screening questionnaire
which screensfor different mental disorders: the Web Screening
Questionnaire for common mental disorders (WSQ), based on
the Screening Questionnaire (SQ) of Marks and colleagues[9].
The WSQ contains only 15 items and screens for depression,
GAD, panic disorder with and without agoraphobia, social
phobia, specific phobia, OCD, PTSD, and alcohol
abuse/dependence. This paper reports optimization and
validation of the WSQ.

Methods

Participants and Procedure

Participantswere recruited (between May and December 2007)
from the general Dutch population by using Internet banners
(eg, Google and Dutch Internet sites on mental health issues).
The advertisements|linked to a Web page containing information
about common mental disorders, Internet treatment and this
study, an application form, and a link to the questionnaires.
Subjects were asked to input their name and email address, so
they could be identified and added to the data pool only once.

We specifically targeted adults (18 years of age or older) with
Internet access and who felt anxious, depressed, or thought of
themselves as drinking too much acohol. We targeted a
population with a high rate of common mental disorders asthe
kind likely to use the WSQ in the future. Since this population
can only illuminate false negative and true positive rates, we
needed controlsto test thoserates. Therefore, we also recruited
20 undergraduate psychology students who were not required
to have symptoms, using banners at the VU University’s
students' Web page seeking participants for VU studies.

We excluded people reporting ahigh suicide risk (ie, ascore of
3 on Q15 of the WSQ); they were advised to contact their GP.

http://www.jmir.org/2009/3/e19/
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To raise the response rate, participants were told in advance
that compl eters of the screening questionnaireswould be offered
asdf-help book for common mental problems. Studentsreceived
academic credit for participating. The study protocol was
approved by the Medical Ethics Committee at the VU Medical
Centre in Amsterdam, Netherlands.

Our study tested the WSQ's validity and consisted of two parts
(Figure 1):

1. Completion of 10 sets of questions: Internet demographic
guestions, the WSQ, and other questionnaires for common
mental disorders: Center for Epidemiological Studies
Depression scale (CES-D [11]), Generalized Anxiety
Disorder scale (GAD-7[12]), Fear Questionnaire (FQ[13])
plusafurther question about eight kinds of specific phobia,
Panic Disorder Severity Scale - Self Report (PDSS-SR
[14,15]), Yale-Brown Obsessive Compulsive Scale
(YBOCS [16,17]), Impact of Events Scale (IES [18]),
Alcohol Use Disorders Identification Test (AUDIT [19];

details below),
2. A DSM-IV-diagnostic phone interview with a Composite
International  Diagnostic  Interview  (CIDI)-trained

interviewer (CIDI lifetime, World Health Organization
(WHO) version 2.1 [20]) to assessthe presence of acurrent
(ie, within the last 6 months) DSM-IV diagnosis [21] of
MDD, dysthymia (Dyst), minor depression (MinD), social
phobia, GAD, panic disorder, agoraphobia, specific phobia,
OCD, PTSD, and acohol abuse/dependence.
CIDl-interviewers were blind to the subjects’ self-reports
and the inclusion of control subjects (undergraduate
psychology students).

In all, 687 people applied for the study, of whom 185 (27%)
were excluded because they represented a high suicide risk (n
= 5); there was no written informed consent (n = 22); or they
refused to participate (n = 158). This left 502 participants, of
whom 389 consented to a diagnostic phone interview, but 232
(60%) of those 389 either could not be contacted (n = 227) or
refused (n = 5), leaving 157 participants who were phoned by
a CIDI-trained interviewer within a mean of 13 days.

If participants had never experienced a traumatic event, they
skipped the IES; if they had never drunk alcohol, they skipped
the AUDIT; and if they had never suffered a panic attack, they
skipped the PDSS-SR. Those who completed the screening
guestionnaires and gave informed consent entered the study.
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Figure 1. Flowchart of participants (WSQ)
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Development of the Web Screening Questionnaire for
Common Mental Disorders (WSQ)

The WSQ for common mental disorders [22] has 15 self-rated
guestions based on the screening questionnaire (SQ) of Marks
and colleagues [9] which screens for most common mental
disorders. Of the SQ's original questionswe used 6 unchanged
(WSQ Q1, 3, 5, 6, 11, and 15) and added 8 questions from
further reliable and valid instruments. These are:

- WSQ Q2 for depression, from CIDI [20],

« WSQQ4,8,9, 10, and 12 (for panic, social phobia, PTSD,
and OCD from Mini-International Neuropsychiatric
Interview (M.I.N.1. [23]), and

+  WSQ Q13 and 14 (for acohol, from AUDIT [19]).

Three questions of the original WSQ reached either low
specificity or low sensitivity. To enhance validity, we used
logistic regression analysis to determine whether other items
from appropriate questionnaires could replace these WSQ-items.
We amended three questions using items for GAD (WSQ Q3,
from GAD-7 [12]) for panic (WSQ Q4 from PDSS-SR [15]),
and for OCD (WSQ 12, from YBOCS[16,17]). We a so added
one question for the WSQ subscal e specific phobia (WSQ Q7)
which concerned further types of specific phobia. Each WSQ
subscalehas1 - 2items (for GAD, panic disorder, OCD, acohol
addiction, depression, agoraphobia, specific phobia, social

http://www.jmir.org/2009/3/e19/

phobia, and PTSD). Of the 15 WSQ questions, 8 had “yes’ or
“no” answers while the other 7 were Likert-type scales.

Further Screening Questionnaires

Depressive Symptoms

The Dutch version of the CES-D [11] has 20 self-rated items
with each scored on arange of 0 - 3 and atotal score of O - 60.
The paper-pencil CES-D has good psychometric propertieswith
a cut-off score of 16 [24]. The Internet CES-D is also reliable
and valid with a cut-off score of 22 (Cronbach apha .93;
sensitivity: 0.90; specificity: 0.74 [25]).

GAD

We trandated the GAD-7 [12] into Dutch for self-rating of
generalized anxiety symptoms. Each of its 7 questions is rated
0- 3 (“not at all” to “nearly every day”), and the total score
rangeis O - 21. Reliahility is excellent (Cronbach alpha=.92).
With a cut-off point of > 10, sensitivity is 0.89 and specificity
is0.82 among primary care participants [12]. The GAD-7 was
translated into Dutch by forward-trandation (translated and
discussed by two independent health professionals) and blind
backward-translation (by an independent trandator whose
mother tongue is English). Since psychometric properties may
differ among other populations, the Dutch version of the GAD-7
is validated in another study (TD, AVS, IMM, and PC,
unpublished data, 2009).

JMed Internet Res 2009 | val. 11 |iss. 3 €19 | p.96
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Panic Disorder

The Dutch version of the PDSS [14] self-report SR form [15]
asks 7 questions about 7 dimensions of panic disorder, each
self-rated O - 4, with atotal scorerange of 0 - 28. With a cut-off
score of 8, sensitivity is 0.83 and specificity is 0.64 [14].

Phobias (Agoraphobia, Social Phobia, Specific Phobia)

The Dutch version of the FQ [13] detects agoraphobia, social
phobia, and blood-injury phobia. The FQ’s total phobia scale
contains 15 items; each self-rated O - 8, with atotal scorerange
of 0- 120. Several studies support the validity of the FQ’s social
and agoraphobia subscales [26-29]. To the FQ's 5 blood/injury
guestionswe added asingle self-rated question (“ are you scared
of ...?7") concerning further types of specific phobias, to be
ticked as present or absent: animals (eg, dogs, cats), natural
events (eg, earthquakes, storms, flooding), body fluids (eg,
faeces, vomit, semen), materials (eg, cleaning products,
medicine, poison), medical appointments (eg, dentist, hospital),
items at home (eg, telephone, toilet, soap), specific situations
(eg, driving, riding elevators, crossing bridges), and other (eg,
vomiting, children). We omitted the FQ's 6 anxiety-depression
items.

PTSD

The IES [18] assesses signs and symptoms of avoidance and
intrusion after a serious or traumatic life event. It has 15 items,
each self-rated O - 5, with atotal score range of 0 - 75. People
who score = 26 are likely to have PTSD. The Dutch version is
reliable and sensitive [30].

OCD

We used the Dutch 10-item severity subscale of the YBOCS
[16,17]. Each self-rated item is rated O - 4, with a total score
range of O - 40. Tests of internal consistency of the total scale
(Dutch version) are .69 to .91 (Cronbach apha) and compare
well with several but not all measures often used to assessOCD
[31]. A total score of 13 or more denotes clinically significant
obsessive-compulsive symptoms [32].

Alcohol Abuse/Dependence

The Dutch version of WHO's self-rated AUDIT [19] identifies
people with hazardous alcohol consumption and dependence
in primary care. Each of its 10 itemsisrated O - 4, with atotal
score range of O - 40. Cronbach alphais .65 to .93: overall
sensitivity is 0.92, and specificity is0.94 [19]. A cut-off score
of 8isrecommended for various endpoints (eg, alcohol-related
socia problems or medical problems) [33].

Diagnoses

We used the Lifetime version 2.1 of the CIDI [19] inits Dutch
version [34,35] as a “gold standard’ to assess the presence of
DSM-1V disordersin the last 6 months (GAD, panic disorder,
OCD, adcohol abuse/dependence, MDD, Dyst, MinD,
agoraphobia, specific phobia, social phobia, and PTSD). The
CIDl isreliable and valid [36,37]. The CIDI was administered
by phone by trained CIDI interviewerswho were psychologists
or master's-level psychology students. The CIDI interviews
used in thistrial lasted 69 minutes on average.

http://www.jmir.org/2009/3/e19/
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Analyses

To establish whether WSQ scores differed significantly between
subjects with positive and with negative screen results, we
conducted t-tests on the mean and standard deviation of each
screening instrument separately. In the sub-sample that had a
diagnostic interview, we performed chi-square teststo ascertain
whether WSQ scores differed between subjectswith and without
DSM-IV disorders.

We calculated sensitivity and specificity, and positive and
negative predictive values, for each WSQ subscale regarding
its corresponding DSM-IV disorder (predictive validity).
Sensitivity is the probability that a person who has a disorder
is screen positive. Specificity is the probability that a person
not suffering from a disorder is screen negative. There is no
consensus of what levels of sensitivity and specificity are
acceptable, asthey depend on thetest’saim, costs, and benefits
[38]. The WSQ aimsto detect clinically-relevant mood, anxiety,
and alcohol-related problems. Therefore, to minimize missed
cases we set threshold level s of sensitivity at 0.70 or more, and
of specificity at 0.40 or more. PPV is the probability of a
positive diagnosis after a positive screening, and NPV is the
probability of a negative diagnosis after a negative screening.
PPV and NPV depend on prevalence (PPV increases when
prevalence increases), so we did not set acceptable levels of
these.

For WSQ questions which turned out to have unacceptable
sensitivity or specificity, we replaced them with relevant items
from the appropriate screening questionnaire. To find which
items best predicted the chance of detecting a diagnosis, we
used logistic regression analyses (Forward Likelihood Ratio
method). We replaced items only if they improved validity. We
calculated the Area Under the Curve (AUC) for the WSQ's
scaled and dichotomous response options and its appropriate
screening questionnaires. The AUC (the sum of sensitivity
versus [1 —] specificity) measures a scale’'s accuracy; it equals
the probability that a randomly chosen case will score higher
than a randomly chosen non-case [39]. AUCs of 0.5 - 0.7 are
said to reflect low accuracy, 0.7 - 0.9 moderate accuracy, and
0.9- 1.0 high accuracy [40]. Furthermore, we performed t-tests
and X2 tests to examine differences in demographic and
guestionnaire results between subjects who had a CIDI
diagnogtic interview and those who did not, and teststo examine
whether a student sub-sample’'s WSQ scores differed from the
whole sample.

Our analyses used diagnoses reached within the last 6 months.
MDD, Dyst, and MinD were combined into the category
depressive disorder. For all analyseswe used SPSSversion 15.0
for Windows.

Results

Sample Characteristics

Thetotal sample (N = 502) had a mean age of 43 years (SD 13,
range 18 - 80), and 285 (57%) of the subjects were female. Of
the 157 subjects who had a CIDI interview, the mean age was
43 (SD 15, range 18 - 80). Of these, 89 (57%) werefemale, and
107 (68%) subjects met DSM-IV criteria for any current (ie,
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within the past 6 months) depressive disorder, anxiety disorder, had more than one diagnosis (Table 1).
and/or alcohol abuse/dependence. A total of 67 (43%) subjects

Table 1. Demographic characteristics and prevalence of diagnosis

N (%)
Complete sample CIDI sub-sample

Completed all questionnaires on Internet 502 (100) 157
Gender, N (%)

Male 217 (43) 68 (43)

Female 285 (57) 89 (57)
Age, Mean (SD) 43(13) 43 (15)

(Range) (18- 80) (18- 80)
Education

Low? 99 (20) 27 (17)

MediumP 217 (43) 73 (47)

High® 186 (37) 57 (36)
Country

Netherlands 474 (94) 146 (94)

Other 28 (6) 11(6)
Marital status

Single 180 (36) 65 (41)

Married or cohabiting 241 (48) 67 (43)

Divorced/widowed 81 (16) 25 (16)
DSM-1V diagnosis within last 6 months, on CIDI phoneinterview 157
Any depressive disorder 52 (33)

Major depressive disorder 46 (29)

Dysthymia 9(6)

Minor depression 8(5)
Any anxiety disorder 94 (60)

Social phobia 32 (20)

GAD 30 (19)

Panic disorder 10 (6)

Panic with agoraphobia 22 (14)

Agoraphobia 10(6)

Specific phobia 40 (26)

Obsessive-compul sive disorder 10 (6)

PTSD 12(8)
Alcohol abuse/dependence 23(195)
Any disorder 107 (68)
> one diagnosis 67 (43)

8_ow education: primary and lower general secondary education.
BM edium education: Intermediate Vocational Traini ng,school of higher general secondary education or pre-university education.
“High education: higher vocational education or university.
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Comparisons of WSQ With Other Questionnaires
Table 2 showsthat subjectswho scored “ Yes' for any particular

Donker €t al

WSQ “diagnosis’ had significantly higher means (P <.001) on
the corresponding validating questionnaire than those who
scored “No” for that WSQ “diagnosis’.

Table2. WSQ and screening questionnaires: means, standard deviations (SDs) and prevalence (N = 502)

Other screening questionnaires:
Yes
N(%)

M (SD)

“Diagnosis’ on WSQ (Web Screening Questionnaire)

No t (df. = 500)
N (%) M (SD)

Any depressive disorder
CESD
(score range O - 60)

296 (59.0)

Generalized anxiety disorder

GAD-7
(scorerange O - 21)

320 (63.9)

Panic disorder (without agor aphobia)

PDSS-SR
(scorerange O - 28)

278 (55.4)

Panic with agoraphobia

PDSS-SR 153 (30.5)

Agoraphobia (without panic disorder)
FQ-agoraphobia
(scorerange O - 40)
Social phobia
FQ-socia phobia
(scorerange O - 40)

Specific phobia

205 (40.8)

226 (45.0)

FQ-specific phobia® 290 (57.8)
(score range 0 - 40)

Obsessive-compulsive disorder
YBOCS

(scorerange O - 40)

182 (36.3)

Post-traumatic stress disor der

IES
(scorerange 0 - 75)

Alcohol abuse/dependence

AUDIT
(scorerange O - 40)

273 (54.4)

198 (39.4)

322(7.1)

13.6 (3.9)

9.3(5.1)

11.2 (5.1)

12.7 (10.9)

16.6 (8.7)

76(7.7)

11.0(6.3)

33.5(20.1)

19.6 (6.2)

206 (41.0) 18.1 (10.3)

1528

182 (36.3) 55(3.1)

2432

224, (44.6) 0.6 (L7)

2422

349 (69.5) 2.9(4.1)

19.32

297 (59.2) 2.9 (45)

14.02

276 (55.0) 7.0(6.0)

14.62

212 (42.2) 2.3(35)

922

320 (63.8) 0.8(23)

2622

229 (45.6)

0.0° 2532

260 (60.6) 6.3(5.5)

2442

agjgnificant at P < .001.

b dditional specific phobia questions were dichotomous, so their means and standard deviations could not be cal culated.
CIf participants had never experienced atraumatic event then they skipped the IES.

Predictive Validity and Refinement of the WSQ

For the three WSQ subscales, GAD, OCD, and panic, validity
was below threshold levels of 0.70 for sensitivity and 0.40 for
specificity, so we replaced those (based on logistic regression
analysis) with relevant items from the appropriate screening
questionnaires (GAD-7, YBOCS, and PDSS-SR, respectively).
This improved sensitivity or specificity. The WSQ
subscal e-specific phobia had an unacceptably low sensitivity

http://www.jmir.org/2009/3/e19/

(0.60), but we did not replace it with an item from the
appropriate screening questionnaire as that did not improve
sensitivity or specificity.

Based on the log-likelihood ratio statistic, using logistic
regression analyses, we added three categories of the specific
phobia question, “Are you scared of ...?7". These categories
were (1) animals, (2) specific situations, and (3) medical issues,
which improved the sensitivity of the WSQ subscalefor specific
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phobia but not for specificity (sensitivity: from 0.60 to 0.80;
specificity: from 0.77 to 0.47).

Table 3 shows that for al 10 CIDI DSM-1V diagnoses more
subjects with a CIDI diagnosis scored positive on the
corresponding WSQ questions than did subjects without that
CIDI diagnosis. The differences were all significant at the P <

Donker €t al

.001 level except for specific phobia (P = .003). Table 3 also
shows that the WSQ's sensitivity ranged from 0.72 (socia
phobia) to 1.00 (agoraphobia). The WSQ's specificity ranged
from 0.44 (panic disorder) to 0.77 (panic disorder with
agoraphobia). PPV varied from 0.11 (PTSD) to 0.51 (any
depressive disorder), and NPV varied from 0.87 (specific
phobia) to 1.00 (agoraphaobia).

Table 3. WSQ vs CIDI diagnoses. prevalence, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) (n = 157)

WSQ “Diagnosis’ CIDI DSM-1V Diagnosis

No Yes x2(df.=1) Sensitivity Specificity PPV NPV
n n
Any depressive disor der
WSQ-depression No 62 8 26.82 0.85 0.59 051 0.89
Yes 43 44
Generalized anxiety disorder
WSQ-GAD No 57 2 b 0.93 0.45 0.29 0.97
Yes 70 28
Social phobia
WSQ-socia phobia No 91 9 22 02 0.72 0.73 0.40 0.91
Yes 34 23
Panic disorder
WSQ-panic No 65 1 b 0.90 0.44 0.10 0.98
Yes 82 9
Panic with agoraphobia
WSQ-panic+agoraphobia No 104 3 b 0.86 0.77 0.38 0.97
Yes 31 19
Agoraphobia
WSQ-agoraphobia No 92 0 b 1.00 0.63 0.15 1.00
Yes 55 10
Specific phobia
WSQ-specific phobia No 55 8 9.1¢ 0.80 0.47 0.34 0.87
Yes 62 32
Obsessive-compulsive disor der
WSQ-OCD No 102 2 b 0.80 0.69 0.15 0.98
Yes 45 8
Post-traumatic stress disor der
WSQ-PTSD No 68 2 b 0.83 0.47 0.11 0.99
Yes 77 10
Alcohol abuse/dependence
WSQ-alcohol No 97 4 b 0.83 0.72 0.34 0.96
Yes 37 19

gjgnificant at P < .001.
BNot able to calculate X? due to small numbers (< 5) in cells.
CSignificant at P = .003.

Compared to the corresponding CIDI DSM-IV diagnoses, the
AUC for the WSQ subscales with scaled responses (WSQ

http://www.jmir.org/2009/3/e19/

subscales GAD, OCD, acohol, and panic) were similar to the
AUC of the longer questionnaires, ranging from an AUC of
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0.76 for the WSQ subscale panic versus an AUC of 0.70 of the
PDSS-SR, toan AUC of 0.81 for the WSQ subscale OCD versus
an AUC of 0.85for the YBOCS. The AUC for the dichotomous
WSQ's subscales of panic with agoraphobia and agoraphobia
were similar to the AUC of the longer, scaled questionnaires
(PDSS: AUC of 0.79 versus WSQ panic with agoraphobia:

Donker €t al

AUC of 0.82; both WSQ and FQ subscale agoraphobia: AUC
of 0.81), but not for the WSQ dichotomous subscales of
depression, social phobia, and PTSD (ranging from WSQ
subscale depression: AUC of 0.72 versus CES-D: AUC of 0.84
to WSQ subscale PTSD: AUC of 0.65 versuslES: AUC of 0.82)
(Table 4).

Table 4. WSQ and screening questionnaires versus CIDI diagnoses: Area Under the Curve (AUC) and 95% CI for scaled and dichotomous response

options

WSQ “Diagnosis’

CIDI DSM-1V Diagnosis

AUC 95% C.I.

Any depressive disor der

WSQ-depression 0.72 0.64 - 0.80

CESD 0.84 0.77-0.90
Generalized anxiety disor der

WSQ-GAD 0.78 0.69 - 0.86

GAD-7 0.77 0.68 - 0.85
Social phobia

WSQ-socia phobia 0.72 0.62-0.82

FQ-socia phobia 0.82 0.74 - 0.89
Panic disorder

WSQ-panic 0.76 0.59-0.93

PDSS-SR 0.70 0.57-0.88
Panic with agor aphobia

W SQ-panic+agoraphobia 0.82 0.72-0.91

PDSS-SR 0.79 0.69- 0.89
Agoraphobia

WSQ-agoraphobia 0.81 0.73-0.90

FQ-agoraphobia 0.81 0.70-0.91
Obsessive-compulsive disor der

WSQ-OCD 0.81 0.65-0.97

YBOCS 0.86 0.72-0.99
Post-traumatic stress disor der

WSQ-PTSD 0.65 0.51-0.80

IES 0.82 0.67-0.97
Alcohol abuse/dependence

WSQ-alcohol 0.77 0.68 - 0.86

AUDIT 0.75 0.66 - 0.84

Differences Between Students and Non-students

As expected, students compared to non-students had
significantly lower scores on the WSQ subscalesfor depression
(P=.004), alcohal (P<.001), GAD (P<.001), OCD (P<.001),
panic (P < .001), and panic with agoraphobia (P = .004).

http://www.jmir.org/2009/3/e19/

Differences Between CIDI Interviewed and
Non-interviewed Sub-samples

Demographic variables did not differ significantly between
subjects who had a CIDI diagnostic interview and those who
did not. However, those who had a CIDI interview scored
significantly lower on one WSQ subscale (socia phobia; P =
.009), on the CES-D (P = .05), and on the FQ social-phobia
subscale (P =.03).
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Discussion

Principal Results

It takes about two minutes to complete the WSQ to detect
common mental disorders. The WSQ quickly detects
clinically-relevant mood, anxiety, and alcohol -related problems
and so can guide Internet users to Internet-self-help modules
appropriate for their problem, or quickly screen patients prior
to consultation with a GP. This measure can also be used in
more homogeneous samplesto screen out people with co-morbid
disorders. The WSQ turned out to be avalid screener for social
phobia, panic disorder with agoraphobia, agoraphobia, OCD,
and acohol abuse/dependence (sensitivity: 0.72 - 1.00;
specificity: 0.63 - 0.80), and appropriate for depressive disorder,
GAD, PTSD, specific phobia, and panic disorder (without
agoraphobia) (sensitivity: 0.80 - 0.93; specificity: 0.44 - 0.51)
in our study population. Interestingly, the AUC’s of the WSQ's
scaled single items, and some of the dichotomous items, were
comparable to the AUC's of the longer questionnaires,
supporting our conclusion that short questionnaires, sometimes
with just oneitem, can be asvalid aslonger ones. Thisisinline
with previous studies [7,41-43].

Compared to psychometric properties of other online screening
guestionnaires [8,10] (sensitivity: 0.63 - 0.95; specificity: 0.73
- 0.97), WSQ's sensitivity was similar (sensitivity: 0.72 - 1.00),
but specificity was, for some disorders, considerably lower
(specificity: 0.44 - 0.80). One explanation for this lower
specificity might be that we have used 6-month prevalence rates
rather than point prevalence rates, whereas the WSQ assesses
current symptoms rather than symptoms during the previous 6
months. Therefore, specificity might be higher when the WSQ
is validated against concurrent DSM-IV diagnoses. Although
only one of the two symptoms is required for a diagnosis of
MDD, the “WSQ depression diagnosis’ is based on elevated
mood and anhedonia. However, when only one of the two
symptoms would give a positive “WSQ depression diagnosis’,
specificity was below the threshold level of 0.40. Therefore,
both core depression symptoms are needed to fulfill the criteria
of apositive“WSQ depression diagnosis’. Although sensitivity,
specificity, and NPV’'s were acceptable for most WSQ
“diagnosis’, PPV's were low (0.10 - 0.51), indicating that the
WSQ misidentified many participants as (fal sely) positive. NPV
and PPV depend on prevalence. When prevalenceishigh, which
might be the case in self-selected samples such asthose in this
study, “true”’ negatives will have a greater impact, and when
prevalence islow, “true positives’ have a higher impact on the
NPV and PPV. When prevalence is low, a positive diagnosis
from the WSQ should be regarded with caution. Subjects with
apositive WSQ score can then undergo morein-depth screening
with alonger questionnaire or CIDI with a higher specificity.
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However, the test successfully identified “true” negatives (high
NPV), whichisto say that subjectswith no WSQ positive score
(“diagnosis’) of any kind arelikely to have no relevant DSM-1V
diagnosiswhen interviewed by CIDI. In brief, the WSQ screens
out negatives well but yields many false positives.

Although WSQ's false positives do not have a diagnosis, they
might have symptoms of depression, anxiety, or acohol
problems, since they have elevated scores on the relevant
screening questionnaires.

Limitations

Onelimitation of our study isthat the CIDI-diagnosislive phone
interviews were not taped, so inter-rater reliability could not be
calculated. Second, subjects always completed the WSQ on the
Internet before the other screening questionnaires, so order
effects could not be ruled out. Third, though sensitivity and
specificity do not depend on prevalence of the disordersin the
population, the PPV and NPV do; consequently, the values we
found might not generalize to situations where prevalence is
different. Fourth, it is not known how representative our
self-recruited participants are of Internet self-help applicants.
Fifth, subjectswho had a CIDI interview had significantly less
socia phobiaon that WSQ-subscal e than those who did not, so
the WSQ-social-phobia results might be less generalizable to
other populations. Sixth, as described earlier, 6-month
preval ence rates of DSM-IV diagnoses were used, whereas the
WSQ assesses current symptoms. Ideally, the WSQ should be
validated against concurrent DSM-IV diagnoses. Seventh, norms
areunavailablefor acceptable levels of sensitivity and specificity
which depend on thetest’s aim, costs, and benefits[38]. Asthe
WSQ aims to detect clinically-relevant mood, anxiety, and
alcohol-related problemsin order to minimize missed cases, we
chose thresholds of sensitivity at 0.70 or more and of specificity
at 0.40 or more. Finally, the WSQ for common mental disorders
could be further simplified [44]. However, before using this
simplified WSQ, psychometric properties have to be evaluated.

Despiteits limitations, the WSQ is a useful and quick Internet
screening tool to detect people likely to have common mental
disorders.

Future Research

Many false positives were found for WSQ subscales GAD,
panic, specific phobia, and PTSD, whilefar fewer fal se positives
were found for alcohol abuse/dependence, social phobia, panic
disorder with agoraphobia, and OCD. The high rate of false
positives may, for some questions, be due to a lack of clarity
or classification criteria. Future research which enhances clarity
of questions and classification criteriais needed to improve the
predictive power of the WSQ.
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Dyst: dysthymia

DSM-IV: Diagnostic Statistical Manual, 4thedition
FQ: fear questionnaire

GAD: generalized anxiety disorder

GAD-7: generalized anxiety disorder - 7

GPs: genera practitioners

|ES: impact of events scale

| SP-D: Internet-based self-assessment program for depression
M: mean

MinD: minor depression

MDD: major depressive disorder

MINI: mini-international neuropsychiatric interview
NPV: negative predictive value

OCD: obsessive compulsive disorder

PDSS-SR: panic disorder severity scale self-report
PPV: positive predictive value

PTSD: Post-Traumatic Stress Disorder

SD: standard deviation

SQ: screening questionnaire

VU: Vrije Universiteit

WB-DAT: Web-based depression and anxiety test
WHO: World Health Organization

WSQ: Web screening questionnaire

YBOCS: Yae-Brown Obsessive Compulsive Scale
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Abstract

Background: Survivorship care plans have been recommended by the Institute of Medicine for al cancer survivors. We
implemented an Internet-based tool for creation of individualized survivorship care plans. To our knowledge, thisisthefirst tool
of thistype to be designed and made publicly accessible.

Objective:  To investigate patterns of use and satisfaction with an Internet-based tool for creation of survivorship care plans.

Methods: OncoLife, an Internet-based program for creation of survivorship care plans, was designed by a team of dedicated
oncology nurses and physicians at the University of Pennsylvania. The program was designed to provide individualized,
comprehensive health care recommendations to users responding to queries regarding demographics, diagnosis, and cancer
treatments. After being piloted to test populations, OncoL ife was made publicly accessible via Oncolink, a cancer information
website based at the University of Pennsylvaniawhich averages 3.9 million page views and over 385,000 unique visits per month.
Data entered by anonymous public users was maintained and analyzed.

Results: From May 2007 to November 2008, 3343 individuals utilized thistool. Most (63%) identified themselves as survivors,
but also health care providers (25%) and friends/family of survivors (12%). Median age at diagnosis was 48 years (18 - 100+),
and median current age 51 (19 - 100+). Most users were Caucasian (87%), female (71%), and college-educated (82%). Breast
cancer was the most common diagnosis (46%), followed by hematologic (12%), gastrointestinal (11%), gynecologic (9%), and
genitourinary (8%). Of all users, 84% had undergone surgery, 80% chemotherapy, and 60% radiotherapy. Half of users (53%)
reported receiving follow-up care from only an oncologist, 13% only aprimary care provider (PCP), and 32% both; 12% reported
having received survivorship information previously. Over 90% of users, both survivors and health care providers, reported
satisfaction levels of “good” to “excellent” using this tool.

Conclusions: Based on our experience with implementation of what is, to our knowledge, the first Web-based program for
creation of survivorship care plans, survivors and health care providers appear both willing to use this type of tool and satisfied
with the information provided. Most users have never before received survivorship information. Future iterations will focus on
expanding accessibility and improving understanding of the needs of cancer survivorsin the era of the Internet.

(J Med Internet Res 2009;11(3):€39) doi:10.2196/jmir.1223
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Survivors, cancer survivor; patient care planning; survivorship care plan; late effects from cancer treatment; survivor issues,
Internet
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Introduction

Advances in cancer screening, detection, and treatment have
increased the numbers of persons considered cured of cancer
and those living with cancer asachronic illness; asaresult, the
number of cancer survivors living in the United States (US)
tripled from 3.0 million in 1971 to 9.8 million in 2001 [1]. A
significant portion of the adult population isthusfaced not only
with the medical needs of normal aging, but with the unique
health care concerns associated with cancer diagnosis and
treatment, including recurrent and/or residual disease,
treatment-related late effects, and threats to psychosocial and
economic well-being [2-4].

Despite the unique needs of cancer survivors, this population
may be at risk for receiving inadequate health care [5], and
several groups have demonstrated that cancer survivors, a
growing subset of the population, are at risk not only for cancer
recurrence, but for receiving inadeguate risk-based and routine
preventive health care [5-7]. In response to this, national and
international organizations have prioritized issues of
survivorship over the past decade. In 2005, The Institute of
Medicine (IOM) produced its report From Cancer Patient to
Cancer Survivor: Lost in Transition. In this publication, the
IOM outlined 10 recommendations intended to improve care
of, and fiscal support for, cancer survivors. The second of these
recommendations called on health care providers to provide
patients with a*“ Survivorship Care Plan,” or “acomprehensive
care summary and follow-up plan” [8]. This recommendation
is based on recognition that many cancer survivors do not
receive comprehensive care after active treatment, and that
inadequate communication likely contributes to this. Indeed,
themajority of primary care providers (PCPs) surveyed ratethe
current transition process from oncologic care to the PCP as
fair or poor [9], and up to one-third of cancer survivors report
being unsure of which of their physiciansis in charge of their
follow-up care [10]. Survivorship care plans are a conduit not
only between active cancer care and survivorship care, but
between physicians and survivors.

The Internet is an increasing source of health information
worldwide. The Pew Internet & American Life Project reported
in 2006 that 113 million Americans had used the Internet for
health-related purposes; of these, over 50% reported that I nternet

http://www.jmir.org/2009/3/e39/
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use impacted their health care [11]. As the complexity of
Internet-based systems has increased, several groups have
demonstrated improvement in quality of life[12-13] and overall
care [14-16] with use of Internet-based coaching for
management of pain, diabetes, and heart/lung disease. Cancer
is one of the top three diseases about which Internet users seek
information [17], and recent studies suggest that the Internet
may offer opportunities to actively improve health care for
cancer patients and survivors[18]. Use of the Internet to actively
manage symptomsrelated to cancer treatmentsis currently being
examined in a European clinical trial [19].

In May 2007, we launched the world’sfirst Internet-based tool
for creation of survivorship care plans, OncoLife[20]. OncoLife
isapublicly accessibletool that is avail able through OncoLink
[21], a cancer information website based at the University of
Pennsylvania's Abramson Cancer Center. OncolLife was
designed to supply dynamic, personalized information to cancer
survivors, and to prompt interventions with regard to both
surveillance and management of late effects when indicated.
The launch of OncoLife was anticipated to fill an unmet need
for survivorship information and care; however, the willingness
of survivors and their health care providers to use this type of
tool, the satisfaction it would provide them, and the
demographic, diagnosis, and treatment characteristics of users
could not be predicted. The study described here was undertaken
in order to investigate these questions. Our findings, as well as
the OncoL.ife design and implementation process, are described
here.

Methods

OncoLink is a general cancer information website maintained
by physicians and nurses at the Abramson Cancer Center of the
University of Pennsylvania, serving 3.9 million pages to over
385,000 unique Internet Protocol (IP) addresses monthly.
OncoL.ife, asection of OncoLink, was devel oped by adedicated
team of oncology nurses and physicians. The OncoLife format
includes a publicly accessible, five-screen series of 17 queries
regarding demographics, cancer diagnosis, and cancer treatments
received, and provides users with lists from which to select
surgeries, sites of radiotherapy, and chemotherapy/biologic
agents by both generic and trademark names (Figure 1).
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Figure 1. OncoLife user interface. The OncoLife tool for creation of survivorship care plansis available via OncoLink and OncoLife websites
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The OncoLifesurvey isof open design, accessibleto any visitor
to the OncoLink site, with a target population of cancer
survivors, health care providers, and friends/family members
of survivors and a convenience sample frame. OncolLife is
advertised via OncoLink (See Multimedia Appendix 1); flyers
and bookmarks with the OncoLife trademark and website
address are also available in our clinic and have been made
available to heath care providers in other institutions for
distribution.

Completion of the OncoLife survey results in generation of
individualized, detailed, comprehensive survivorship care plans
providing surveillance recommendations for tumor recurrence,
in addition to guidelines for overall health care in the setting of
increased risk for certain morbidities secondary to cancer
treatment (See MultimediaAppendix 2). These guidelineshave
been designed to be specific to types of treatmentsthat patients
have received, as well as their primary cancer diagnoses.
Guidelines are based on type and site of surgical procedures,
radiotherapy sites, and specific drugs received. All survivors
are provided with information regarding second malignancy
and other global issues pertaining to cancer survivorship.
Guidelinesare evidence- or consensus-based whenever possible
and are in accordance with guidelines provided by the I0OM,
Children’s Oncology Group (COG), National Cancer Institute
(NCI), and American Society of Clinical Oncology (ASCO).
In areas in which evidence- or consensus-based guidelines are
not available, guidelines provided are based on practice at our
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own ingtitution. All guidelines provided as part of OncoLife
survivorship care plans have been constructed with both nursing
and physician input and are described in plain language.

The OncoLife survey and the information provided to survivors
using OncoL.ife were piloted with groups of survivorswho tested
usability and technical functionality, prior to the public launch.
The pilot version of OncoL.ifeincluded queries regarding cancer
diagnosis and treatment only (Table 1). Following the pilot
process, queries regarding demographics were added, and
version 1 was made publicly accessible. Over the course of the
18 months following the implementation of OncoLife, three
further iterations were developed with the intent of increasing
the comprehensive nature of the survivorship care plans
produced by OncolLife, as well as increasing accessibility
through improved understanding of the user population. Changes
incorporated into iterations were based on user feedback, as
well as observations regarding use patterns. Version 2 included
additional queriesregarding follow-up care and the avail ability
of survivorship care and aso requested that individuals
completing the survey describe themselves as survivors,
friends/family members of asurvivor, or health care providers.
Version 3 made use of the same series of queriesused inversion
2, but provided more individualized and extensive information
to survivors, including adaptive questioning regarding surgeries,
radiotherapy, and chemotherapies implemented for survivors
specifically of breast cancer. Additionally, with the launch of
version 3, a five-question, one-page user satisfaction survey
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was added through an optional link accessible upon receipt of  includes queries regarding menopausal status to allow further
survivorship care plans. Version 4, launched in January 2009, individualization of guidelines provided.

http://www.jmir.org/2009/3/e39/ JMed Internet Res 2009 | vol. 11 | iss. 3 [e39 | p.109
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. OncoLife queries and response options according to version (vers.)

Hill-Kayser et a

Pilot

Veasion Vers.1 Ves 2® Vers.32 Vers. 4

Number of Users (Non-duplicate) 40 1374 1124 805 Recent
Launch
OncoLife Query Response Options
Sex Male . . . .
Female
Race Caucasian . . . .
African American
Asian/Pecific Islander
Hispanic/Latino/a
Mixed Race
Other
Age at Diagnosis Please select . . . .
Current Age Please select . . . .
Highest Education Level Grade School . . . .
High School
Some College
College Degree
Graduate School
What is your relationship to the patient? Self . . .
Family member/friend
Health care provider
Have you ever been offered survivorship health  Yes . . .
information before? No
Who is currently managing your health care Oncologist . . .
needs? PCP/internist
Oncologist and PCP
Other (specify)
What is your geographical location? USA (select state) . . .
Canada (select province)
Other country (select)
What type of cancer did you have? Please select . . . . .
Did you undergo surgery for this cancer? Yes (select procedure) . . . . .
No
Did you receive medication, intravenous or oral,  Yes (select medication[s]) . . . . .
for treatment of this cancer? No
Did you receive intrathecal chemotherapy? Yes (select medication) . . . . .
No
Did you receive radiation therapy? Yes (select site) . . . . .
No
Did you receive radioiodine therapy (1-131)? Yes . . . . .
No
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Pilot

Verson Vers.1 Ves. 2? Ves 3 Ves 4
Number of Users (Non-duplicate) 40 1374 1124 805 Recent

Launch

OncoLife Query Response Options
Haveyou ever beentold you have agenetic abnor-  Yes . . . . .
mality or syndrome? No
What is your menopausal status? (femalesonly) Menopause before cancer therapy .

Postmenopausal (due to surgery or chemo/ra-

diotherapy)
Premenopausal
Perimenopausal

Not sure

@ Versions 2 and 3 differ only by survivorship care plans (SCP) generated.

In addition to its evolution through these versions, OncoLife
has been completely trandated into Spanish. Spanish trandation
was, and continues to be, performed by a bilingual (English-
and Spanish-speaking) health care provider practicing in the
field of oncology, with culturally relevant revisions occasionally
made to the wording used on the website.

OncoL.ife remains an anonymous tool, and users are not asked
for identifying information. Prior to submission of the OncoLife
survey, users are able to review and change answers; however,
in order to protect and ensure anonymity, users are not asked
to“login,” and entries are not maintained or saved for reuse or
review at alater date. Use of OncoLife surveys is completely
voluntary, with production of the survivorship care plan being
the only incentive for use. Survivorship care plans produced
using OncoLife were designed to address issues faced by adult
cancer survivors. Pediatric cancer survivors are referred on the
OncoL.ife introductory page to the COG website guidelines for
survivors of childhood cancer [22]. OncoLife survivorship care
plans are intended to provide guidance for survivors and
physicians providing follow-up care to survivors, and they are
not intended to replace interactions or recommendations
provided by health care providers of individua survivors.
Instead, plans may serve as aids for communication between
survivors and their caregivers.

Data from each use of OncoLife have been maintained
anonymously on asecure server, with automatic database entry.
Data collection and maintenance procedures were approved by
the Institutional Review Board (IRB) prior to the launch of
OncoL.ife. Only datafrom completed questionnaires are recorded
and/or analyzed—JavaScript encryption ensures that surveys
cannot be submitted without completion of all queries. Where
appropriate, queries provide non-response options (such as “|
don’'t know,” or “not applicable”). Data are password protected
and are available only to the small team of physiciansand nurses

http://www.jmir.org/2009/3/e39/

(fivein total) involved in the creation of OncoLife. Entries are
screened by IP address to avoid analysis of duplicate entries. A
Chi-sguared contingency table with one degree of freedom was
used to compare user survey data regarding availability of
information reported by survivorsversus health care providers;
an exact contingency test was used to compare satisfaction data
after binning of Likert-type responses between the two groups
to account for sparse cell population [23].

Results

Between May 2007 and November 2008, 3647 OncoL.ife surveys
were completed, 40 using a pilot version, 1562 using version
1, 1211 using version 2, and 834 using version 3. Based on
duplicate | P address and data entry, 304 of thesewereidentified
as duplicates, leaving 3343 unique OncoL.ife users. Of these,
79 reported more than one cancer diagnosis. Of the 3343
responders, the median age at the time of cancer diagnosiswas
48 years (mean 48, range 18 - 100+). Median current age was
51 years(mean 51, range 18 - 100+). The mgority of userswere
women (71.3%, n = 2385) and described themselves as
Caucasian (85.6%, n = 2861) and college-educated (78.2%, n
= 2617) (Table 2). Of 1880 users who completed OncoLife
surveys after the implementation of its second version, most
described themselves as survivors (64.2%, n = 1198), although
significant proportions were health care providers (24.8%, n =
461) and friends/family members of survivors(12.4%, n=221)
(Table 2). Health care providers were predominantly nurses
(61.8%, n = 285) and nurse practitioners (23.2%, n = 107). Of
1872 users for whom data on location were available, the
majority (91.0%, n = 1704) were USresidents, representing 48
different states, and 5.9% (n = 110) were Canadian. The
remaining 3% (n = 58) of users were residents of 24 other
countries.
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Table2. Demographic information reported by users of OncoLife

Demographic Total n=3343 %

Sex
Male 957 28.6
Female 2385 71.3

Race
Caucasian 2861 85.6
African American 179 54
Asian/Pacific Islander 91 3
Hispanic/Latino/a 85 3
Mixed Race 36 1
Other 47 1
Unknown 40 1

Education
Grade School 73 2
High School 612 18.3
Some College 699 20.9
College Degree 1107 331
Graduate School 811 24.3
Unknown 40 1

Relationship to Patient n = 18807
Self 1198 64.2
Family member/friend 221 124
Health care provider 461 24.8
Nurse 285 61.8°
Nurse practitioner 107 23,20
Physician 48 10°
Other health care 26 &0

@ Query added with implementation of version 2, so data available for n = 1880 users.

b Refersto percent of health care providers (n = 461)

Breast cancer represented the most commonly reported primary  and genitourinary malignancies (8.3%, n = 278) (Table 3).
cancer diagnosis (45.9%, n = 1537) among the 3343 OncoLife Overal, 79.8% of these 3343 users (n = 2670) reported being
users, followed by hematologic (12.0%, n = 401), treatedwith chemotherapy, 59.0% (n=1973) with radiotherapy,
gastrointestinal (11.7%, n = 391), gynecologic (8.6%, n=287), and 83.5% (n = 2793) with surgery.
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Table 3. Primary cancer diagnoses among users of OncoLife

Hill-Kayser et a

Primary Cancer Diagnosis/Site Number of OncoLife Users %
Breast 1537 45.9
Hematologic 401 12.0
Gastrointestinal 391 117
Gynecologic 287 8.6
Genitourinary 278 8.3
Thoracic 149 4.5
Head & Neck 90 3
Melanoma 69 2
Central Nervous System 59 2
Thyroid 46 1
Sarcoma 38 1
Non-Melanoma Skin Cancer 17 <1
Other 81 2

Of 1869 users who provided information regarding follow-up
care, half (52.5%, n = 982) reported receiving follow-up care
only from an oncologist, and only 12.6% (n = 235) reported
having previously received information on cancer survivorship
(Figure 2). Themajority of patients having received survivorship

information prior to OncoLife were followed by an oncologist:
Of these 235 patients, 89.7% (n = 211) reported receiving
follow-up care from an oncologist, and 10% (n = 14) only from
aPCP.

Figure 2. Follow-up care and survivorship information offered to users of OncoL.ife
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The user satisfaction survey was launched in July 2008, and
150 satisfaction surveys were completed. Of these, 57% (n =
86) were completed by survivors or family members/friends of
survivors. The remaining 43% (n = 64) were completed by

http://www.jmir.org/2009/3/e39/
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health care providers. According to overall user response,
OncoL.ife survivorship care plan questionnairestook an average
of 6.7 minutes to complete (range 1 - 30 minutes). Health care
providers reported average time of 4.4 minutes, compared to
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7.2 minutes reported by survivors and friends/family members.
Overall, over 90% of users rated their experience and level of
satisfaction using OncolLife as “good,” “very good,” or
“excellent.” Specifically, 98% (n = 64) of the 65 hedlth care
providersrated their experiencesas“good” to “excellent.” This
was similar to 95% (n = 81) of the 86 survivors/friends/family
members rating their experience “good” to “excellent”
(probability = 0.2, P =.39). Most users (92%, n = 138) felt that
they had the information needed to complete the OncoLife

Table 4. OncoLife user satisfaction survey queries and responses

Hill-Kayser et a

guestionnaire, and thisdid not differ significantly between health
care providers and survivorg/friends/family members (89% [n
= 57] versus 94% [n = 81] respectively [x*> = 0.16 x 10°, P =
.99]). Most survivors (83%, n = 71) answered that they would
plan to share the information provided with their health care
team. Health care providers reported “good” to “excellent”
levels of satisfaction with theinformation provided to the patient
viaOncoLifein 95% of cases (Table 4).

OncoLife User Satisfaction Survey Query Response Options ~ Total Responses  Number Health  Number Survivors/ P
n = 150 (%) Care Provider  Family Members/
n = 64 (%) Friends
n =86 (%)

How would you rate your experience completing this 1 = Poor 0 0 0 392
survey? 2= Fair 5(3) 12) 4(5)

3=Good 18 (12) 11 (17) 7(8)

4 = Very good 43 (27) 16 (25) 27 (31)

5 = Excellent 84 (56) 36 (56) 48 (56)
How long did it take to complete (in minutes) (Free Mean 6.7 44 7.2 n/a
enty) Median 5 5 5
Did you have al of the information needed to com-  Yes 138 (92) 57 (89) 81 (94) .99
plete the questionnaire? No 12(8) 7(11) 5(6)
Was the information helpful ?° Yes n/a 83(97) n/a

No n/a 3(3)
Will you share your plan with your health care Yes n‘a 71(83) n/a
team?’ No na 15(17)
How satisfied are you with theinformation provided 1 = Poor 0 n/a n/a
to the patient? 2 = Fair 3(5) na

3= Good 17 (27) n‘a

4 = Very good 15(23) n/a

5 = Excellent 29 (45) n'a

@For comparison of users responding “good” - “excellent” vs“fair” - “poor,” based on exact contingency test [23].

b Query posed to survivors/family members/friends only
€ Query posed to hedlth care providers only

Discussion

Here we describe the design and implementation of, aswell as
use patterns and user satisfaction with, Internet-based
survivorship care plansfor cancer survivors. To our knowledge,
OncoLife is the first such tool to be made publicly available.
The intent of survivorship care plans is multifold: Plans are
devel oped to assist with communication between physicians of
various specialties, to increase physi cian-patient communication,
and to increase awareness in both the physician and survivor
populations of known and suspected | ate-effects associated with
cancer and its treatments. The use of the Internet to alow
creation of survivorship care plans alows information to be
widely accessible and instantly available.

http://www.jmir.org/2009/3/e39/

Based on the NCI definition of acancer survivor, whichincludes
all people diagnosed with cancer, aswell astheir caregivers, as
survivors, several phases of survivorship certainly exist, and
the needs of any one survivor may change dramatically over
time. OncoLife survivorship care plans may be of use to
survivors in any phase—from the moment of diagnosis until
the end of life; however, their design may be most appropriate
for those survivors who have completed cancer treatment or
who continue to receive long-term cancer treatment. For this
group of survivors, for whom the acute phase of cancer treatment
may have ended, the designation of which headth care
provider(s) will provide various types of health care may be
particularly ambiguous. Thistransition period may be associated
with both survivor and physician uncertainty and dissatisfaction
[9,10], potentialy leading to important disparitiesin health care.
Although all survivors may potentially be at risk for receiving
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inadequate health care after cancer treatment, prior datasuggests
those followed by an oncologic specialist may be more likely
to receive adequate screening for late effects and disease
recurrence [6], while those followed by a PCP may be more
likely to receive adequate preventive care [5,7]. In redlity,
however, most survivors do not appear to be followed by both
types of providers[7], afinding that is confirmed by users of
OncolLife: Approximately onethird of survivorsusing OncoLife
reported routinely receiving follow-up care from both a PCP
and an oncologist. Of the remaining two-thirds, the majority
reported seeing only an oncologist. These findings emphasize
the need for comprehensive communication among physicians
and between physicians and survivors. The vast majority of
survivors utilizing OncoLife reported never having received
survivorship information, and this suggests a broad
communication deficit. Both PCP feedback and the improvement
in comprehensive care when survivors arefollowed by multiple
physiciansindicate that gapsin communication are asignificant
barrier to care of cancer survivors. Survivorship care plans are
a communication bridge between physicians and survivors,
allowing all of the individuals involved in a survivor's care
(including the survivor) to be aware of survivorship health issues
and to be assured that they are addressed.

According to the IOM, survivorship care plans should address
issues of health maintenance, cancer screening, heathy
behaviors, late effects of treatment, possible signs of recurrence,
second malignancy risk, and financial consequences of cancer,
and they should offer referrals to follow-up providers and lists
of cancer-related resources[8]. Not surprisingly, in our current
milieu of shrinking resources, the oncology community has
expressed concern regarding time and monetary constraints
limiting the feasibility of offering survivorship care plans,
specifically voicing concerns that a survivorship care plan tool
requiring morethan 20 minutes per patient would be unrealistic
[25]. The IOM recommended in its report that the service of
provision of survivorship care plans “be reimbursed by
third-party payers of health care” [8]. Hopefully, this concept
will become redlity in the future—the Comprehensive Cancer
Carelmprovement Act, currently under considerationinthe US
(HR. 1078/S. 2790), would allow Medicare reimbursement for
oncologists to create survivorship care plans. In the meantime,
OncoL.ife has been designed as a free service that does not rely
on insurance re-imbursement, and OncoLife surveys take on
average less than 7 minutes to complete. Both survivors and
health care providers report high levels of satisfaction utilizing
OncoLife, a tool that provides survivors with timely,
comprehensive information that addresses the goal s delineated
by the IOM without insurance or payment delays.

The data presented here demonstrate that survivors, as well as
their family members, friends, and health care providers, appear
to be willing to use this type of tool. From our data, certain
subsets of survivors appear more likely to use OncoLife than
others—breast cancer survivors represent approximately
one-quarter of adult cancer survivors living in the US today
(22%) [1] and 45% of OncoLife users. This stands in contrast
to prostate cancer survivors, who represent the second most
prominent survivor populationinthe US (17%) [1] but only 6%
of OncoLife users. The disproportionately low use of OncoLife
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by prostate cancer survivorsisin al likelihood multifactorial
and may have to do with decreased awareness of survivorship
issues in this population when compared to the breast cancer
survivor population. Another contributing factor may be the
overall increased frequency of Internet use by women as
opposed to men for health care needs [26-27]. Additionally,
OncoL.ife users were predominantly Caucasian, well-educated,
and young when compared to the overall survivor population.
In 2001, persons over 65 years represented 61% of all cancer
survivors [1], while the median age of OncoLife users was 51
years. These findings may reflect increased Internet access and
level of comfort with Internet use among younger survivors,
and are consistent with findings from other groups
demonstrating increased I nternet usein young, highly educated
cancer survivors [28] and under representation of African
Americansin online cancer support groups[29]. Sincetheinitial
development of OncoLife, efforts have been made to increase
accessibility to underserved populations, including trandation
of OncoLifeinto Spanish, distribution of OncoLife materials at
national meetings to health care providers for distribution to
patients, and use of OncoLife by nurses at the University of
Pennsylvania who complete surveys for patients when they
complete cancer treatment. The vast majority of health care
providers utilizing OncoL.ife are nurses, and oncology nurses
represent a tremendous resource for provision of survivorship
care plansto survivorswith limited accessto the Internet. Efforts
are underway to raise awareness among nurses nationwide of
the OncoL.ife tool. Efforts to further increase accessibility will
continue with future iterations. Additionally, as more centers
make use of computer-based data gathering by and for patients,
we expect that availability of OncoLife to patients completing
cancer treatment will continue to increase.

The anonymous nature of OncoLife has been maintained in
order to protect user privacy and alleviate survivor fear of
discrimination following cancer diagnosis, data obtained via
OncoLife use is, however, limited by its anonymous nature.
Dataare strictly based on user responses and cannot be verified
or validated. National efforts are ongoing to provide cancer
survivors with comprehensive summaries of all cancer
treatments received, which can then be entered directly into a
tool such as OncoL.ife. Future versions of this program may be
interfaced directly with electronic medical records to ensure
accuracy of all data. Although nearly all users reported having
access to the information needed to create a care plan using
OncoLife, it isconceivable that other survivors might not utilize
the tool because of limited access to information needed to
complete the survey. Additionally, because users are not
requiredto“login,” plansare not currently saved on our system,
although they may be printed and/or converted to electronic
filesfor users themselves to save (both options are available at
thetime of survivorship care plan production). Future OncoLife
iterations may be developed with alog in option, so that users
may return to their own plans and update their information in
order to received updated guidelines. Other limitations of
OncolLife are associated with the current lack of evidence
allowing construction of guidelinesfor follow-up care of patients
after cancer. Our data suggest that most cancer survivors
utilizing OncoL.ife have undergone multimodality treatment and
areat risk for late effects; however, recognition of thisrisk may
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not trandate into clear screening recommendations. Cardiac
toxicity isrecognized asaconcern for survivors of breast cancer
[30], but ASCO guidelinesfor screening for cardiac late effects
do not exist dueto “the lack of direct, high-quality evidence on
the benefits and harms of [this] screening” [31]. In the
development of OncoLife, we described published,
evidence-based guidelineswhenever possible, and lacking those,
consensus-based guidelines. In situations in which these types
of published guidelines are not avail able, OncoLifeinformation
isprovided to increase survivor and physician awareness of late
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effects and their possible treatments. Only a small fraction of
OncoLife users (12%) reported ever having received
survivorship information in the past. Certainly, our hopeisthat
the information provided by OncoLife, whether evidence-,
consensus-, or practice-based, will be useful to survivors,
especialy in a setting in which most report having had very
little information offered to them. Future efforts will focus on
increasing the individualization of OncoLife survivorship care
plans, as well as understanding of the survivorship population
in efforts to expand use and accessibility.
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Multimedia Appendix 1

The OncoLink homepage, with display of the OncoLife announcement.

[PDF file (Adobe PDF), 516 KB - jmir_v11i3e39 appl.pdf ]

Multimedia Appendix 2

Sample OncoL.ife survivorship care plan, devel oped for a 69-year-old woman with history of breast cancer at age 61, treated with
lumpectomy/sentinel lymph node biopsy, adriamycin and cytoxan chemotherapies, breast conserving radiotherapy, and tamoxifen

followed by an aromatase inhibitor.
[PDE file (Adobe PDF), 114 KB - jmir_v11i3e39_app2.pdf ]
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Abstract

Background: Telemonitoring of patients with chronic heart failure (CHF) is an emerging concept to detect early warning signs
of impending acute decompensation in order to prevent hospitalization.

Objective: The goa of the MOBIle TELemonitoring in Heart Failure Patients Study (MOBITEL) was to evaluate the impact
of home-based telemonitoring using Internet and mobile phone technol ogy on the outcome of heart failure patients after an episode
of acute decompensation.

Methods: Patients were randomly allocated to pharmacological treatment (control group) or to pharmacological treatment with
telemedical surveillancefor 6 months (tele group). Patients randomized into the tele group were equi pped with mobile phone-based
patient terminals for data acquisition and data transmission to the monitoring center. Study physicians had continuous access to
the data via a secure Web portal. If transmitted values went outside individually adjustable borders, study physicians were sent
an email alert. Primary endpoint was hospitalization for worsening CHF or death from cardiovascular cause.

Results. The study was stopped after randomization of 120 patients (85 male, 35 female); median age was 66 years (IQR 62-72).
The control group comprised 54 patients (39 male, 15 female) with a median age of 67 years (IQR 61-72), and the tele group
included 54 patients (40 male, 14 female) with amedian age of 65 years (IQR 62-72). There was no significant difference between
groups with regard to baseline characteristics. Twelve tele group patients were unable to begin data transmission due to the
inability of these patients to properly operate the mobile phone (“ never beginners”). Four patients did not finish the study due to
personal reasons. Intention-to-treat analysis at study end indicated that 18 control group patients (33%) reached the primary
endpoint (1 death, 17 hospitalizations), compared with 11 tele group patients (17%, 0 deaths, 11 hospitalizations; relative risk
reduction 50%, 95% CI 3-74%, P =.06). Per-protocol analysisrevea ed that 15% of tele group patients (0 deaths, 8 hospitalizations)
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reached the primary endpoint (relative risk reduction 54%, 95% CI 7-79%, P=.04). NY HA class improved by one classin tele
group patients only (P< .001). Tele group patients who were hospitalized for worsening heart failure during the study had a
significantly shorter length of stay (median 6.5 days, IQR 5.5-8.3) compared with control group patients (median 10.0 days, IQR
7.0-13.0; P=.04). The event rate of never beginners was not higher than the event rate of control group patients.

Conclusions: Telemonitoring using mobile phones as patient terminals has the potential to reduce frequency and duration of
heart failure hospitalizations. Providing elderly patients with an adequate user interface for daily data acquisition remains a

challenging component of such a concept.

(J Med Internet Res 2009;11(3):€34) doi:10.2196/jmir.1252

KEYWORDS
Heart failure; telemedicine; mobile phone; eHealth

Introduction

Chronic heart failure (CHF) isamajor cause of hospitalization
in Western countries, with a high rate of re-admission [1].
Despite effective therapies, patients with CHF suffer from a
high rate of hospital re-admission and bear ahigh risk of death
within the first months after an episode of acute heart failure
[1,2].

Reduction of re-admissionsisamajor goa in the management
of CHF patients. Therefore, both the European and the American
guidelines on CHF recommend disease management programs
that include tel ephone follow-up or home nursing [3,4].

Monitoring body weight, home visits by nurses, telephone
conferences with nurses, and complete telemedical supervision
have been tested with inconsistent results [5-20]. Simple
interventions such as measuring body weight with telemedical
surveillance produced conflicting results for re-hospitalization
[5,8]. Nurse visits at home or telephone contact with nurses
[6-7,10-12,14] inconsi stently showed a benefit for the prognosis
of heart failure patients.

Telemedicine using transmission of vital parameters can be
expensive and technically demanding [12,14,21]. The mgjority
of reports show a positive influence on the outcome of heart
failure patients [9,12,15], although it is not clear which system
is best for this challenge.

Rapid advances and the ubiquitous availability of mobile phones
have created new perspectives toward telemedical interaction
between patients and health care professionals [22]. Recently,
we were able to show that mobile phone—based surveillanceis
safe and promising in cardiac patients [23].

Based on these promising early results using mobile phone
technology, we designed the MOBITEL (MOBIle
TELemonitoring in heart failure patients) study in order to test
the hypothesis that telemedical surveillance using widespread
mobile phone technology as patient terminals improves the
outcome of CHF patients after an episode of acute cardiac
decompensation.

Methods

Patients

MOBITEL was a prospective, randomized, open-label study.
Recruitment started on October 1, 2003, and the study was

http://www.jmir.org/2009/3/e34/

closed with the sign-off of the last patient on April 29, 2008.
Registration in a public trials registry was not performed for
MOBITEL sinceit wasoptional at thetime of study start. Local
regulatory authorities approved the study, with the University
Clinic Graz being the lead ethics committee.

Patients were dligible for the study if they met al of the
following inclusion criteria: acute worsening of heart failure
(acute cardiac decompensation) with hospital admission lasting
> 24 hours within the last 4 weeks, treatment according to the
guidelines of the European Society of Cardiology (ESC) with
an angiotensin converting enzyme (ACE) inhibitor or an
angiotensin receptor blocker (ARB), diuretic, and beta-blocker
(except in cases with documented intolerance to beta-blockers).
Initially, patients older than 18 years and younger than 75 years
weredligible; thelatter was amended to 80 years after 4 months
of recruitment. For the definition of CHF, we adopted the ESC
guidelines[4].

Patients with one of the following conditions were not eligible
for MOBITEL: unstable coronary artery disease with
revascularization within the last 6 months, planned
revascularization (percutaneousor surgical) for coronary artery
disease, planned heart valve surgery, planned or completed heart
transplantation, uncontrolled arterial hypertension, acute
myocarditis, inability to read the display of a handheld phone,
or malignancy.

After receiving verbal and written study information, patients
gave written consent to participate in the study. Patients were
allocated randomly to pharmacol ogical treatment (control group)
or pharmacological treatment plustelemedical surveillance (tele
group). The adaptive randomization procedure was stratified
by patient age, New York Heart Association (NYHA) class,
gender, and study center.

Baseline demographics and medication were recorded for all
patients, and an appointment for the 6-month follow-up was
made. There was no planned interaction between study site and
patients in the control group within the follow-up period of 6
months. Patientsin the tele group were given the telemonitoring
equipment and an appointment for telephone or face-to-face
technical training.

Equipment and Data Processing

The telemonitoring equipment consisted of three commercially
available components: (1) a mobile phone (Nokia 3510,
Finland), (2) aweight scalewith 0.1 kg accuracy and el ectronic
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display (Soehnlecreta, Germany), and (3) asphygmomanometer
for fully automated measurement of blood pressure and heart
rate (BosoMedicus, Bosch& Sohn, Germany). Tele group
patients were trained in measurement of blood pressure and
weight using the equipment prior to discharge home.
Furthermore, tele group patients were instructed by a study
technician in the use of the mobile phone.

Tele group patients were asked to measure vital parameters
(blood pressure, heart rate, body weight) on adaily basis at the
sametime, preferably in the morning after emptying the bladder

Scherr et al

and before dressing and taking medi cation. Thereafter, patients
were advised to enter these values as well as their dosage of
heart failure medication into the mobile phone’s Internet browser
and send them to the monitoring center provided by the Austrian
Ingtitute of Technology (AIT) — Information Management &
eHealth, Graz. Study physicians had accessto a secure website
providing both numerical and graphical depiction of data for
each patient. Whenever necessary, study physicians could
contact patients using the mobile phone. Figure 1 outlines this
process.

Figure 1. Schematic depiction of the equipment and data collection process used in MOBITEL

patient

blood pressure
heart rate

heart failure
medication

body weight

sends data

At the monitoring center, data were depicted both numerically
and graphically in an electronic case record form (CRF; Figure
2). Study physicians had continuous accessto the CRFs of their
patients via a secure website. Physicians were advised to use
the automated warning system for the monitoring of vital
parameters of their patients. If transmitted values went outside
individually adjustable borders, study physicians were sent an
email alert. Additionally, an email aert was generated if a

http://www.jmir.org/2009/3/e34/

physician

rewews data /

sends alerts

monitoring centre

patient’s body weight increased or decreased morethan 2kgin
2 days. After receiving an adert, study physicians could contact
the patient directly via the mobile phone to confirm the
parameters and, if appropriate, could ask the patient to adjust
his or her medication.

For technical questions, patients had accessto a24-hour hotline
at the service center.
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Figure 2. Trend chart of vital parameters of atypical patient (male, 71 years) over the 6-month study period: Each dot represents a transmitted value
of (from top to bottom) systolic (red) and diastolic blood pressure (light blue), heart rate (green), body weight (blue), and heart failure medication
(bottom panel, furosemide in blue); (1) After discharge from hospital, al transmitted values are stable, (2) Red exclamation marks indicate low heart
rate, (3) Alarms due to decreased blood pressure herald a phase of instability, (4) Increase in body weight of more than 2 kg in 2 days, causing an alarm
(red exclamation marks), (5) After telephone contact with the patient and confirmation of values, the daily dose of furosemide is temporarily increased

and body weight returns to stable values within 3 days
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MOBITEL Telemedicine Platform

The MOBITEL telemedicine platform was developed as a
three-tier, client-server architecture (data, logic, and
representation layers) using state-of-the-art I nternet technol ogy.
The Zope Web/application server (Zope 2.6.1, Zope
Corporation, Fredericksburg, VA, USA) and the relational
database system (Interbase 6.0, Borland Software Corporation,
Cupertino, CA, USA) were chosen for the basic system.

While the application server provided core logic, particular
services were developed as independent modules in the sense
of service-oriented architecture (SOA). Particular functionalities
were clustered into servicesthat were able to communicate and
share data with each other.

+  dataprocessing and graphic service: For sophisticated data
processing and visualization of time-series data (e.g. blood
pressure measurements), the MatL ab 6.5 environment (The
MathWorks, Natick, MA) was used.

« notification service: The database was checked at regular
intervalsfor arrival of new alerts, notifications, or reminders
generated by the data processing service. Subsequently, a

http://www.jmir.org/2009/3/e34/

RenderX

personalized message was composed and sent to the
responsible physician by text messaging, email, or both.

The components of the MOBITEL telemedicine platform were
designed with respect to a high level of security and
confidentiality to comply with regulatory requirements. Data
transfer was encrypted, and access to the data was restricted to
authorized users.

Outcome Parameter s and Endpoint Definitions

The combined primary endpoint of this study was cardiovascular
mortality or re-hospitalization for worsening heart failure.
Besides evaluation of patients' functional status according to
the NYHA classification and length of stay during
re-hospitalizations, further secondary endpoints focused on
technical parameters. system availability, cumulative
transmissions, and transmissions per patient.

Study patientswere classified as reaching the primary endpoint
in case of hospital admission for worsening heart failure or
cardiovascular death within the study period.

Tele group patients who dropped out immediately after
randomization due to inability to handle the telemonitoring
equipment despiteintensified training were classified as* never
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beginners” These patients were contacted 6 months after
randomization to obtain data for the primary endpoint.

Study patients who stopped prematurely for personal reasons
wereclassified as“ early termination on patient’srequest.” These
patients were invited to an earlier follow-up (i.e. end-of-study
visit) to obtain as much information as possible and were
included in the final analysis according to randomization.

Statistics

For statistical planning, we assumed that patientsin the control
arm would show an event rate of 30% over 6 months [1]. For
the telemedicine arm, we expected a50% reduction of the event
rate. To show a statistically significant difference at an error

of .05 with a power of 80%, a sample size of 240 subjects was
calculated.

Randomization was stopped after 120 patients due to an
increasing number of never beginners who were unable to
operate the mobile phone, indicating the urgent need for a new
technology. However, aswetried to avoid amix of technologies
within one study, we decided to stop randomization in
coordination with the ethics committee of the Medica
University Graz. Therefore, the results must be interpreted
cautioudly.

Final dataanalysiswas performed according to the per-protocol
principle, including all patients except never beginners.
Additionally, intention-to-treat analysis was performed,
including all randomized patients. The log-rank test, the
Kaplan-Meier estimation method with 95% confidenceinterval
(CI), and calculation of the relative risk reduction were used to
analyze the primary endpoint.

With respect to the secondary endpoints, differencein functional
NY HA class between baseline and end of study was compared

http://www.jmir.org/2009/3/e34/
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between patientsin the control and tele group. Dosage of heart
fallure medication was calculated as percentage of the
ESC-recommended dosage and compared between both groups.

Normally distributed values were compared using the t-test,
while the chi-square test was used to compare nominal
distributed values. We used the Wilcoxon rank sum test to
compare independent samples and the Wilcoxon signed rank
test to compare dependent samples when values were not
normally distributed.

Patients adherence with the telemonitoring system was
expressed as a percentage of effectively to expected received
datasets. Thus, the cumulative monitoring period and the total
number of received values were calculated for all participants.

Statistics were calculated using R statistical software, version
2.4.1 (R Foundation for Statistical Computing, Vienna, Austria).
We considered aP-value < .05 to show astatistically significant
differencein all comparisons. All data are given as median and
interquartile range (IQR).

Results

Patients

In the tele group, 12 patients (6 male, 6 female; median age 68
years [IQR 64-74]) emerged unable to begin transmission of
data and were classified as never beginners. Never beginners
were included in the intention-to-treat analysis but not the
per-protocol anaysis. Furthermore, there were four patients
who requested early termination of the study (4 male, median
age 63 years [IQR 60-65]) and were included in both the
intention-to-treat analysis and the per-protocol analysis. Figure
3 shows the study flowchart.
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Figure 3. Study flowchart of the MOBITEL population
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Overall, 120 patients (85 male, 35 female) with a median age
of 66 years (IQR 62-72) were randomized in eight centers. 54
patients were randomized to the control group (39 male, 15
female; median age 67 years[IQR 61-72]), and 66 patientswere
randomized to the tele group (46 male, 20 female; median age
66 years [IQR 62-73]).

For the per-protocol analysis (Table 1), the control group
comprised 54 patients (39 male, 15 female; median age 67 years
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[IQR 61-72]) and was compared with the tele group, including
54 patients (40 male, 14 femae; median age 65 years [IQR
62-72]). At baseline there was no satistically significant
difference between thetwo groupsregarding age, gender, cause
of heart failure, NYHA functional class, left ventricular (LV)
gjection fraction, heart failure medication, aswell as frequency
and duration of heart failure hospitalizations in the year prior
to randomization (Table 1).
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Table 1. Baseline characteristics of the MOBITEL population (per-protocol population)

Characteristic Control Group (n=54) TeleGroup(n=54) P (for difference)
Median age, years (IQR) 67 (61-72) 65 (62-72) 79
Male, no. (%) 39(72) 40 (74) 92
Median LV gjection fraction (IQR) 29 (21-36) 25 (20-38) .70
NYHA class |1, no. (%) 7(13) 7(13) 40
NYHA class |1, no. (%) 37 (68.5) 33(61) 40
NYHA class |V, no. (%) 10 (18.5) 14 (26) 40
Median number of HF? hospitalizationsin past 12 months, no. (IQR) 1(1-2) 122 36
Median length of stay for HF hospitalizations, days (IQR) 11 (7-17) 12 (9-15) .67
Cardiovascular Risk Profile
Ischemic heart disease, no. (%) 23 (43) 20 (37) .69
Hypertension, no. (%) 24 (44) 29 (54) 44
Valvular disease, no. (%) 1(2 1(2 48
Diabetes mellitus, no. (%) 16 (30) 12 (22) 44

HF Treatment at Study Entry

ACE inhibitor, no. (%) 41 (76) 45 (83) 28
ARB, no. (%) 13 (24) 9(17) 47
Diuretic, no. (%) 44 (81) 49 (91) 27
Beta-blocker, no. (%) 42 (78) 47 (87) 31
Spironolactone, no. (%) 23 (43) 21 (39) .85

3HF = heart failure.

Intention-to-treat analysis indicated that 18 control group CI 3-74%, P=.06; Figure 4a). The number of never beginners
patients (33%) reached the primary endpoint (1 death, 17 reaching the primary endpoint was not higher than for control
hospitalizations) compared with 11 tele group patients (17%, 0  group patients.

deaths, 11 hospitalizations; relative risk reduction 50%, 95%
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Figure 4. Kaplan-Meier curve for primary endpoint in MOBITEL : intention-to-treat analysis (4a) and per-protocol analysis (4b)
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Per-Protocol Analyses

Per-protocol analysis at study end revealed that 15% of tele
group patients (0 deaths, 8 hospitalizations) reached the primary
endpoint (relative risk reduction 54%, 95% CI 7-79%, P=.04;
Figure 4b).

Median NY HA classimproved from 3to 2 in tele group patients
only (P< .001) compared with control group patients at study
end and compared with tele group baseline values. Ejection
fraction showed a nonsignificant improvement in both the
control group, from 29% (IQR 21-36) to 35% (IQR 24-40), and
the tele group, from 25% (IQR 20-38) to 35% (IQR 25-45).

Tele group patients who were hospitalized for worsening heart
failure during the study had a significantly shorter length of
hospital stay (median 6.5 days, IQR 5.5-8.3) compared with
control group patients (median 10.0 days, IQR 7.0-13.0; P=
.04).

http://www.jmir.org/2009/3/e34/
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Dosage of heart failure medication was calculated as percent
of the ESC-recommended daily dose. At baseline, tele group
patients had a higher percentage of the ESC-recommended daily
dose of ACE inhibitors compared to control group patients.
However, thisdifference was no longer significant at study end.
All other types of drugs were equally balanced.

Tele group patients started transmission of datawithin 6.5 days
(IQR 4-11) after randomization. During the entire study, atotal
of 7554 value sets were received from tele group patients,
corresponding to a median of 162 transmissions per patient
(IQR 136-173). On 7554 out of 7962 cumulative monitoring
days, at least one set of values was sent, which indicates a
patient adherence rate of 95%.

There were 375 alerts sent to study physicians in cases of
exceeding predefined thresholds for body weight or exceeding
the dynamic threshold of + 2 kg in 2 days. Consequently, tele
group patients were contacted 170 times. In 55 of those times,
an adjustment of heart failure medication was made (Table 2).
Adverse events or side effects were not observed.
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Table 2. Technical data and interventions in the telemedicine arm

Scherr et al

Variable

Tele Group (n=54)

System availability, %

Patient adherence, %

Cumulative monitoring, days
Cumulative transmissions, no.

Median transmissions/patient, no. (IQR)
Peatient contacts following alarms, no.
Adjustments of individual limits, no.

Adjustments of medication, no.

%8
%

7962

7554

162 (136-173)
170

118

55

Discussion

The MOBITEL study addressed important issues in the
management of heart failure patients after discharge from
hospital, namely the following:

- how to reduce the high risk of re-hospitalization for
worsening heart failure and/or cardiovascular death

« how to detect early warning signs of impending
decompensation

« how to inform the treating physician

For this purpose, mobile phone—based patients terminals were
used in a telemonitoring scenario. The system was devel oped
and tested in 120 heart failure patients. After 6 months, there
was a reduction of relative risk in tele group patients
(re-admission or death) by 54%. However, the small sample
size and the premature termination of randomization because
of relevant technological issues with the patient termina have
to be considered as the main limitations when interpreting the
results.

Telemonitoring and Telemedical Intervention for
Patients With Heart Failure

Patients suffering an episode of acute heart failure are at ahigh
risk of adverse events within the first months after such an
episode [1,2]. Therefore, efforts are needed to reduce this risk
and to look out for early warning signs of acute heart failure.

Telemonitoring in general may provide a powerful tool to look
for early warning signs and to reduce the high risk of adverse
events in patients with CHF [19]. However, there are some
uncertainties about the parameters to monitor as well as the
proper monitoring tool.

The simple concept of monitoring body weight with telemedical
surveillance did not show consistent results[5,8] but led to more
sophisticated monitoring tools. However, recently it has been
shown that the risk for re-hospitalization for worsening heart
failureis highest in patients with weight gain of more than 4.5
kg within the week prior to hospitalization [24]. In our study,
we also used increasing body weight as an early warning sign
of fluid retention, although our limits were much closer (2 kg
weight gain within 2 days). This stringent limit led to a
significant number of alerts prompting communication between
study physicians and patients, and, in some but not all cases,
led to an adjustment of medication.

http://www.jmir.org/2009/3/e34/

Increase in body weight often signals worsening heart failure.
In addition, changes in blood pressure and heart rate may also
herald worsening heart failure. To detect such episodes, we used
a fully automated sphygmomanometer to measure both blood
pressure and heart rate to gain information about potential
refinement of heart failure therapy.

Our study is also the first to investigate the ability of patients
to transmit information on heart failure medication dose on a
daily basis. The vast mgjority of patients were ableto enter and
transmit their daily dosestogether with vital parameters by using
the mobile Internet browser.

Furthermore, this study offered the unique ability to see that
patients with CHF underwent an educational process: In many
tele group patients who entered the study with some instability
and who were (in response to alarms) advised by the study
physician to adapt diuretic therapy, we saw, over time, some
form of “self-monitoring” and, consequently, self-treatment.

As indicated by the late separation of Kaplan-Meier curvesin
Figure4, telemedical surveillance does not appear to be superior
to conventional treatment in the first month of follow-up. In
our study, the majority of re-hospitalizations of tele group
patients was seen in the first month of patient follow-up.

Alarmsand Alarm Management

In this study, sophisticated pre-analysis of data was not
implemented. False-positive alarm messages sent to the
physicians were predominately influenced by two factors:

«  Ouitlier and type errors were not identified.
« Individua thresholdswere not quickly adjusted in response
to the dlight variation of the body weight over time.

However, alarm management in general (i.e. timely confirmation
of an alarm) and alarm generation in particular turned out to be
crucia factors in a home-monitoring scenario. Hence, future
research will focus on the development of sophisticated
algorithmsfor automatic dataanalysis of home-monitoring data.
The algorithm should provide high sensitivity and specificity
in order to make telemedical services effective and efficient.

M obile Phone-Based Patient Ter minal

MOBITEL was the first study showing a positive influence on
outcome in CHF patients using mobile phones as patient
terminals for daily data transmission to the monitoring center.
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Mobile phone technology (either GSM or 3G) iswidespread in
Europe and is a familiar tool, even in elderly patients. Hence,
after 4 months of recruitment, we amended the upper age limit
for inclusion up to 80 years.

The approach of using the mobile phone as telemonitoring
equipment is different from all other studies reported so far:
previoustrials used more sophisticated equipment to obtain and
transmit vital parametersfrom heart failure patients[9,12,15,21].

As the 95% patient adherence to the telemonitoring system
indicates, the system waswell accepted by those who were able
to handle the mobile phone. Contrary to our expectations, data
entry errorswererare, and the quality of self-reported datawas
appropriate for further clinical evaluation.

Recently, our group reported thefirst use of mobile phone-based
telemedical surveillancein cardiac patients [23]. With thistrial
we were able to show that this technology can be used to
monitor heart failure patients and to improve their outcome.

Limitations

Not surprisingly, our study has a number of limitations.
Although we were careful not to include patients with visual
impairment (thiswas an explicit exclusion criterion), therewere
some patients who were not able to properly handle the mobile
phone's Internet browser (never beginners). However, there
was no difference at baseline between these never beginners
and the remaining study patients, and the never beginners
subsequently had an event rate that was not different from
control patients.

As aconseguence, we looked for new technol ogies to improve
the usability for elderly, technically unskilled patients. A
promising solution could bethe use of near field communication
(NFC) in telemonitoring technology. Unlike Bluetooth, NFC
supports a touch-based method for data acquisition using
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upcoming NFC-enabled mabile phones[24]. In addition to data
acquisition from medical devices, it provides access to data
stored on radio frequency identification (RFID) tags (eg,
electronic barcodes), which could be embedded in future
telemonitoring technol ogy. However, aswe did not want to mix
two completely different technologiesin one study, we decided
to stop randomization after 120 patients. Therefore, the
intention-to-treat analysis only revealed a trend in favor of
telemedical surveillance, whilethe per-protocol analysis showed
asignificant difference between groups. Thisisthe second major
limitation of MOBITEL.

L essons Learned

Based on the experiences from the MOBITEL study, the
following key requirements for the utilization of a
telemonitoring system in CHF management have been identified:

« an easy-to-use patient termina to allow safe and secure
data acquisition, especially for unskilled, elderly patients

«  sophisticated alarm management with high sensitivity and
specificity in order to focus physicians' attention on those
patientswhose dataindicate signs of worsening health status

The devel opment of an integrated care concept might be hel pful
to alow optimal integration of telemonitoring tasks into the
existing workflows and processes of clinicians, general
practitioners, and home care nurses.

Conclusion

The results of the MOBITEL study indicate that home-based
telemonitoring using mobile phonesimproves outcomein CHF
patients and reduces both frequency and duration of heart failure
hospitalizations. Providing elderly patients with an adequate
user interface for data acquisition and transmission remains a
challenging part of this concept.
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Abstract

Background: Retrospectively collected data about the development and maintenance of behaviors that impact health are a
valuable source of information. Establishing the reliability of retrospective measuresis anecessary step in determining the utility
of that methodology and in studying behaviors in the context of risk and protective factors.

Objective: The goa of this study was to examine the reliability of self-report of a specific health-affecting behavior, tobacco
use, and its associated risk and protective factors as examined with a Web-based questionnaire.

Methods: Core tobacco use and risk behavior questionsin the Lifetime Tobacco Use Questionnaire—a closed, invitation-only,
password-controlled, Web-based instrument—were administered at a 2-month test-retest interval to a convenience sample of
1229 respondents aged 18 to 78 years. Tobacco use items, which covered cigarettes, cigars, smokel ess tobacco, and pipe tobacco,
included frequency of use, amount used, first use, and a pack-years calculation. Risk-related questions included family history
of tobacco use, secondhand smoke exposure, alcohol use, and religiosity.

Results. Analyses of test-retest reliability indicated modest (.30 to .49), moderate (.50 to .69), or high (.70 to 1.00) reliability
across nearly al questions, with minimal reliability differencesin analyses by sex, age, and income grouping. Most measures of
tobacco use history showed moderate to high reliability, particularly for age of first use, age of first weekly and first daily smoking,
and age at first or only quit attempt. Some measures of family tobacco use history, secondhand smoke exposure, acohol use, and
religiosity also had high test-retest reliability. Reliability was modest for subjective response to first use.

Conclusions:  The findings reflect the stability of retrospective recall of tobacco use and risk factor self-report responsesin a
Web-questionnaire context. Questions that are designed and tested with psychometric scrutiny can yield reliable resultsin aWeb
Setting.

(J Med Internet Res 2009;11(3):€35) doi:10.2196/jmir.1248

KEYWORDS
Tobacco smokers; retrospective studies; psychometrics

The contextual setting of tobacco useinvolvesrisk or protective
factorsthat can affect tobacco use. These factors, as summarized
by Sussman [3], can be examined readily through self-report
and retrospective questioning. Factors include education,
income, race and ethnicity, family use and peer use of tobacco,
perceived consequences, access to tobacco, opportunities for
use, cognition, habits, and addictions.

Introduction

Studying Behavior in Context

Behaviors that can impact health are not isolated phenomena,
separate from other behaviors and independent of forces
influencing decisions and outcomes. Consequently, the use of
tobacco and other potentially harmful substancesis often studied
in relation to the lifetime context of use. For example, the Rasch
model analysis of smoking and alcohol use [1] reflects the

Retrospective Research
Relevant information about tobacco use is often not collected

intertwined relationships among different substances, as well
asthe advantage of studying multiple substances and risk factors
in concert. Recent research focusing on aspects of social network
that affect lifetime tobacco cessation outcomes [2] underscores
the desirability of examining substance usein larger social and
cultural contexts.

http://www.jmir.org/2009/3/e35/

at thetime events occur. This necessitates retrospective research,
which has been scrutinized asameans of collecting information
relating to lifetime patterns of tobacco use. Retrospective data
collection allows exploration of events that may not have been
perceived as important at the time they occurred. For example,
acontemporary researcher desiring to study changesin tobacco
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initiation ages across severa decades probably would need to
use retrospective techniques.

However, not all questions are amenable to retrospectiveinquiry,
as Kenkel and colleagues [4] indicated. In examining the
usefulness of retrospective measures of smoking from national
survey samples, they reported that specificity in questions and
statistical methods was critical for obtaining accurate
retrospective measurements; they concluded that some aspects
of tobacco use, such asfregquent, temporary quit attempts, were
not amenabl e to retrospective study, although the data could be
helpful for studying more prolonged or permanent events.
Johnson and Moitt [5], studying age of onset of tobacco, a cohoal,
and other substance use, concluded that retrospective
information typically obtained through questionnaires was
adequate for most epidemiological applications. Reliability of
reported age at onset [6] can benefit from aided recall and
contextual information.

Reliability

Retrospective and contemporaneous examinations of risk and
protective factors have demonstrated mixed psychometric
adequacy. Post and colleagues [7] reported that maternal
retrospective recall of smoking during pregnancy was “fairly
stable over time,” concurring with an earlier study by Matt and
colleagues [8]. Grant and coauthors [9] studied reliability of
numerous substance use disorders and associated behaviors,
finding moderate to high reliability for tobacco use measures
in atest-retest interval of 2 to 10 weeks. Reliability of reporting
of family history of depression was high regarding parents' and
siblings' conditions. Ruan and colleagues [10] found moderate
to high reliability for addiction risk factor measures in 2- to
10-week test-retest. Reliability was highest for recent stressful
events and stigma of acoholism.

Self-described religiosity has been identified as a protective
factor capable of attenuating an additive genetic risk for smoking
initiation and thus moderating genetic influences on theliability
for smoking [11]. A study of measures of spirituality,
mindfulness, and substance use [12] reported moderate to high
reliability for assessment of religiosity and spirituality.

These varied reports provide support for the feasibility of
examining the psychometric properties of risk and protective
factors related to substance use. These findings also reflect the
potential utility of assessing tobacco use in the context of life
events. The present study examined the reliability of
retrospective questions about tobacco exposure and factors that
could influence tobacco use. The instrument was a Web-based
guestionnaire designed to minimize error and maximize
respondent involvement.

Research Goals

A primary goal of the present study was to examine 2-month
test-retest reliability of retrospective self-report of tobacco use
and risk-related behaviors. A previous study by the present
authors [13] identified moderate to high 2-year test-retest
reliability of items about lifetime tobacco use. In view of
standardsfor reliability testing [14-16] and the positive findings
from that longer-interval study, the present study addressed the
following research questions: (1) How reliable is recall of
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tobacco use and elements of risk and protection? and (2) What
factors moderate the reliability of recall?

A related goa was to continue to explore questionnaire
reliability of aWeb self-administration instrument. As Internet
access expands[17], questions arise about the representativeness
and generalizahility of Web samples. We explored thereliability
of Web administration within the framework of a closed,
invitation-only, passcode-controlled Web-based questionnaire.

Methods

Recruitment

The Ingtitutional Review Board of SRI Internationa of Menlo
Park, California, approved the study and determined that it was
exempt from requirements for informed consent because
respondents’ identity was anonymousto the researchers and the
responses presented no risk of jeopardy. Signed informed
consent was not required. As described in the following
paragraphs, participants were invited to participate in a study
about tobacco use and were provided contact information for
the investigators and for technical support. The study was
identified on the introductory screen and succeeding screens as
being sponsored by SRI International.

The sample size goal of 1200 respondents was established based
on consideration of the half-width of confidence intervals for
relevant statistics. This sample size was sufficient so that (1)
the 95% confidence interval for a percent responding in a
category at a given time would have a haf-width no greater
than 0.03, (2) the confidence interval for a Pearson correlation
statistic of .50 for normally distributed variables would have a
half-width no greater than .04, and (3) for a dichotomous
variable with 75% agreement (evenly divided between
agreement on each value of the variable) and a kappa statistic
of 0.50, the 95% confidence interval for the true kappa would
be no greater than 0.05.

The Web-based questionnaire, the Lifetime Tobacco Use
Questionnaire (LTUQ), was self-administered two times, 2
months apart, by a randomly selected, invitation-only
convenience sample of adults aged 18 and older drawn from a
US consumer panel (e-Rewards Inc., Dallas, TX, USA). The
Web panel comprised millions of personsinvited from consumer
databases, such as public utility customers; airline, dining, and
hotel program members; and other customer groups. Opt-in
membership was not allowed either to the panel or to the study.

The data were collected in two waves because of budget
alocations. Nearly identical waves of 2-month test-retest
administration occurred in January/March 2006, and
August/October 2006. The January and August 2006
administrations were referred to as Time 1 and were grouped
for datistical analysis. The March and October 2006
administrations were grouped and referred to as Time 2.

Time 1 invitationswere emailed to randomly selected members
of the consumer panel. Reminder invitations were sent 1 week
later to those invitees who had not yet completed the LTUQ.
For retesting at Time 2, all Time 1 respondents were invited to
re-take the LTUQ. Time 1 respondents not responding to the
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first Time 2 invitation within 1 week were sent a second
invitation. Test-retest duration approximated 2 months, with
variation + 2 weeks.

Administration

Respondents’ identity remained anonymousto the investigators.
Respondents self-administered the questionnaire through a
passcode-controlled website and could suspend the questionnaire
and resume at their convenience using apasscode. Theincentive
was US$10 in e-Rewards scrip, the standard mechanism of
payment to e-Rewards panel members.

Each respondent received a unique passcode to self-administer
the questionnaire through a secure website. Cookies were not
used, and I P addresses were not available to the investigators.
SRI International researchersreceived all datawithout personal
identifiers. Only the Web sample provider knew the respondents
identities. The sample provider did not have accesstothe LTUQ
dataand could not connect the respondents’ identities with their
responses. Data were encoded and collected on secure central
serversand later decoded by the software provider (WebSurvent,
CfMC, San Francisco, CA, USA) beforethe datawere provided
to the investigators.

M easures

The LTUQ [13] retrospectively assessed the use of any form of
tobacco or nicotine across the lifespan. Developed initidly in
1998, the LTUQ was tested in three earlier versions on more

than 4000 respondents through  computer-assisted
self-interviewing (CASl), computer-assisted telephone
interviewing (CATI), and computer-assisted personal

interviewing (CAPI), and usability testing was conducted prior
to the present CASlI study. The programming utilized
computerized featuresincluding skip logic, branching, and loops
to shorten testing time and minimize attrition. Response options
were randomized and rotated to reduce sequence effects and
carryover/practice effects, with some response options anchored
for consistency. The questionnaire included internal validity
checks, accuracy checks, and response limitations that either
prevented respondents from entering certain types of inaccurate
data or flagged those responses for later examination. Because
of these features, the LTUQ cannot be administered in
noncomputer mode (see Multimedia Appendix 1).

A progress bar indicated the approximate percent completion
of the survey as respondents proceeded through the questions.
Respondents could review al prior questions and could change
their responses prior to completion. Only completed
guestionnaires were used in the data analyses.

The LTUQ was structured around a core questionnaire that
assessed the extent and nature of tobacco use from earliest
exposure to the point of testing. Questions covered four major
types of tobacco—cigarettes, cigars, smokeless tobacco, and
pi pe tobacco—and included an open-ended response option for
other tobacco-delivery methods such as waterpipe or bidi. In
addition to the core questions, modul e questions examined risk
and protective factors related to tobacco use.

The core tobacco-use questions assessed initial use, transition
to regular daily or weekly use, regular use, dependence, quit
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attempts, and abstinence. Modules of additional questions
addressed (1) subjectivereactionstoinitia use, (2) secondhand
smoke exposure, (3) familial use of tobacco, (4) alcohol use,
and (5) religiosity. Pack-years of smoking cigarettes was
calculated from questions about the extent and duration of
cigarette use and periods of abstinence.

Several minor typographical and programming errors were
corrected for the August/October testing, and several additional
risk-related questions were appended near the end of the
guestionnaire for the August/October testing.

Respondent Characteristics

Demographic characteristics of age, sex, and an estimate of
median household income were evaluated as independent
variables potentialy affecting reliability. Since age and sex
were screening variables for identifying invalid test-retest
responses, reliability estimates were not calculated for those
variables. Race/ethnicity and education dataal so were obtained
but were not assessed for effects on reliability.

Respondents were grouped into terciles for examination of age
effects on the reliability of recall. Age groupings were
determined through the SAS procedure PROC RANK, to
establish three groups of approximately the same size. Thethree
similarly sized age groups were as follows: younger (18 to 37
years old, n = 422, mean = 30.8 years, SD = 4.2), middle (38
to 50 years old, n = 400, mean = 44.2 years, SD = 3.8), and
older (51 to 78 years old, n = 402, mean = 57.6 years, SD =
5.4). Item reliabilities were calculated within each age group
and compared using the chi-square test.

Median household income (in US dollars) was estimated from
2000 US Census ZIP codes [18], separated by terciles. lower
($16,383 to $41,430, n = 398, mean = $34,530, SD = $5160),
middle ($41,554 to $56,585, n = 398, mean = $48,678, SD =
$4466), and higher ($56,589 to $140,357, n = 396, mean =
$70,895, SD = $13,200).

Tobacco Use

Questions about overall tobacco use included smoking 100
cigarettesin lifetime, frequency of use of all tobacco types, and
current use.

Measures related to the first use of tobacco included (1) age at
first tobacco use, (2) type of tobacco first used, (3) amount used
at first exposure, and (4) subjective reactions to first tobacco
use (dizzy, lightheaded, nausested, enjoyed it, coughing/choking,
liked taste, felt bad, relaxed/calm, irritated throat or lungs, head
rush or buzz, felt good, difficulty inhaling, and liked smell)
rated on a scale from 1 (“not at al”) to 5 (“very much”) or
“unsure.”

Lifetimefrequency of tobacco use was assessed for each tobacco
type (cigarettes, cigars, smokelesstobacco, pipe tobacco, other)
on a 5-point scale ranging from “never used” to “used at least
daily for at least 1 month.” Additionally, when respondents
indicated at least weekly or daily use, the frequency and amount
of daily and weekly tobacco use were assessed with questions
regarding (1) age at onset of weekly/daily tobacco use and (2)
amount of tobacco used weekly/daily after the onset of
weekly/daily use.
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Current tobacco use was assessed for four primary types of
tobacco (cigarettes, cigars, smokeless tobacco, pipe tobacco)
plus other types. Dependence was assessed for onset of daily
use of cigarettes. Quitting history included first and most recent
quit attempt of at least 3 months' duration, allowing for brief
lapses.

Pack-years typically is calculated by multiplying the number
of packs of cigarettes smoked per day by the number of years
an individual has smoked [19]. We did not calculate a
comparable measure for tobacco types other than cigarettes [20]
because of low use (see Table 1). We calculated pack-yearsin
detail by averaging amount smoked across periods of known
use, excluding periods of abstinence of at least 3 months
duration. Pack-years calculation was possible for only part of
the subject sample because questionsfacilitating its calculation
were added for the August/Octaober respondents.

Risk and Protective Factors for Tobacco Use

Questions on family history of tobacco use were based on a
family smoking index [21] that asked about paternal, maternal,
sibling, and offspring use of tobacco.

Regarding secondhand smoke exposure, respondents were
questioned about current home and vehicle rules and about
children’s exposure to secondhand smoke.

Alcohol use was probed with questions about ever use, age at
first use, use of acohol and tobacco together, and extent of
alcohol use.

Religiosity questions were based on the Intrinsic Religious
Motivation Scale [22-24], with additional questions regarding
attendance at religious meetings, prayer/meditation, and
participation in groups discouraging tobacco use.

Data Analyses

Analyses were calculated using SAS (SAS Ingtitute Inc., Cary,
NC, USA). Frequencies, means, percentages, standard
deviations, and correlations were conducted as standard
descriptive statistics. Test-retest reliability for dichotomousand
categorical itemswas computed using the kappa statistic (k) for
categorical data [25]; for ordinal and continuous measures,
test-retest reliability was computed using the intraclass
correlation coefficient (ICC). Reliability was rated as modest
(.30 to .49), moderate (.50 to .69), or high (.70 to 1.00) for the
purposes of comparison. Some demographic differences were
examined with the chi-square test. Differences in test-retest
reliability in men and women were compared using a 2-tailed
t test of equality of means applied to point estimates of reliability
and their asymptotic variance estimates.

We did not employ weighting techniques to match the US
population or the US tobacco-user population since we were
not attempting to describe population characteristics with this
convenience sample.

The responses “don’'t know” and “unsure” were included in
some analyses (indicated in table footnotes) where those
responseswere potentially informative about difficulty of recall,
such asa“don’t know” response to aquestion about age of first
alcohol use.
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Results

Median time to completion of the questionnaire was 13.7
minutes at both Time 1 and 2. Median was a more useful
measure than mean because of the likelihood that respondents
left the questionnaire while engaging in other activities.

Data Integrity

Responses to scaled grid questions were evaluated for the
presence of straight-line responding other than “unsure/don’t
know” options and examined for excessively short response
times. A total of 24 out of 1253 respondents at both Time 1 and
Time 2 were excluded for multiple mismatches and other indices
of inadequate responding [26]. Five data-point outliers excluded
in data analyses (indicated in table footnotes) ranged from 40
to 2582 standard deviations from the mean and appeared to be
inaccurate responsesto single questionsrather than intentional ly
incorrect responses as part of apattern of inadequate responding
(see Multimedia Appendix 2).

Response Rate

Respondents at Time 1 (N = 3142) were re-invited at Time 2;
those responding to the Time 2 retest invitation and completing
the LTUQ (N = 1229, 39.1% response rate, see [27]) were
included in the analyses. Nonresponse due to changes in email
address, Internet access, or other factors could not be
determined.

Differences between Time 2 responders and nonresponders
were examined on several dimensions of demographics and
tobacco use. Time 1 respondents not responding at Time 2 were
more likely to be slightly younger (mean = 42.7 years, SD =
12.2 for nonresponders vs mean = 44.0 years, SD = 11.9 for
responders; t = —-2.93, P = .003), more likely to be female
(55.1%, 1068 of 1914 nonresponders vs 51.6%, 632 of 1229
responders; X* = 9.6, P = .008), lesslikely to report race aswhite
(85.8%, 1642 of 1914 nonresponders vs 87.6%, 1077 of 1229
responders; x> = 6.5, P = .04), and more likely to have smoked
at least 100 cigarettes in their lifetime (98.9%, 1888 of 1910

nonresponders vs 96.0%, 1175 of 1224 responders; X2 = 27.4,
P <.001).

Test-Retest Reliability Estimates

Most reliability estimates calculated on the test-retest sample
were statistically significant, although reliability was modest
for some measures.

Respondent Characteristics

Respondents included in the test-retest analyses (Time 2, N =
1229) ranged in age at Time 1 from 18 to 78 years (Table 1).
Less than 1% (5 of 1229) reported never using tobacco or
nicotine; their data were included if questions did not require
exposure to self-administered tobacco or nicotine. About 84%
(926 of 1102) of respondents reported having used cigarettes
either daily or weekly, with minimal use of cigars, smokeless
tobacco, or pipe tobacco. Subjects self-reported demographic
information regarding education and race/ethnicity with high
reliability (Table 1).
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Tobacco Use

Some measuresrelating to lifetime tobacco use and specifically
to cigarette use showed high reliability (Table 1 and Table 2).
This included smoking more than 99 cigarettes in lifetime,
current cigarette use, age at first use, age at first weekly and
daily use, age at and duration of first or only quit attempt, and
lifetime pack-years.

Although reliability of test-retest self-report of the age of first
tobacco use (mean = 15.5 years reported at Time 1 and Time
2) was high, other aspects of first use reflected modest to
moderate reliability. Test-retest reliability was moderate for
type of tobacco first used, which reportedly was a cigarette for
about 94% (1092 of 1162) of participants. Subjective responses
to first use had modest to moderate reliability (Table 2).

Brigham et al

Separate sets of questions asked about the age of first weekly
smoking and the amount used at that time, and the age of first
daily smoking and the amount used at that time. Reliability was
higher for age at onset of weekly or daily use than for the
number of cigarettes used, which had moderate reliability.
Dependence-related questions regarding the time to first
cigarette in the morning at the onset of daily cigarette use had
moderate reliability (Table 2). Age at first or only quit attempt
of at least 3 months duration exhibited high reliability, as did
the duration of that quit attempt and the use of a cessation aid
(Table 2).

Test-retest calculation of pack-years, a common metric for
evaluating tobacco use across the lifespan, was evaluated in the
August/October group only because aquestion added mid-study
made the pack-years calculations possible. Reliability of the
pack-years calculation was high (Table 2).

Tablel. Test-retest reliability of respondents’ self-report of demographics and tobacco use

Timel Time2 No. ICCork? 95% Cl or SE

Demographics

Age, years, mean (SD) 44.0 (11.9) 44.1 (11.9) 1229

Female, % 51.6 515 1229

Education: > high school, % 88.9 89.0 1229 Kk =0.88 0.86, 0.90

Ethnicity: white, % 87.6 87.9 1229 K =0.86 0.82, 0.90
Lifetime use of cigarettes

Smokers reporting using > 99 cigarettes/lifetime, % 96.22 96.14 1217 Kk =0.81 0.72,0.90

Total cigarettes smoked if < 100/lifetime, mean (SD) ~ 19.3 (25.1) 22(23.7) 38 ICC=0.70 0.08
Freguency of tobacco use

Cigarettes daily, % (no.) 83.7 (922) 84.0 (926) 1102 K =051 0.44, 0.57

Cigars, % ever weekly or daily (no.) 6.6 (73) 5.5 (61) 1102 K = 0.66 0.63,0.70

Smokeless tobacco, % ever weekly or daily (no.) 2.8(31) 2.7 (30) 1102 k=0.71 0.66, 0.76

Pipe tobacco, % ever weekly or daily (no.) 25(28) 2.0(22) 1102 Kk =0.70 0.66, 0.74

Other tobacco/nicotine, % (no.) 6.2 (68) 5.3 (58) 1102 Kk =0.50 0.38, 0.61
Current tobacco use

Number of cigarettes/week, mean (SD) 103.7 (88.1) 103.7 (89.4) 859 ICC=0.83 0.01

Number of cigars/week, mean (SD) 0.91 (8.8) 1.19 (9.9 858 ICC =0.30° 0.03

Number of tins of smokelesstobacco/week®, mean (SD) 0.07 (0.6) 0.09 (0.7) 858 ICC =0.90 0.01

Number of pipe tobacco usesweek, mean (SD) 0.14 (2.2) 0.15(2.2) 858 ICC=0.98° 0.001

8 Reliability was not calculated for age and sex because those variables were used for screening.

b|CC calculations excluded one outlier.
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Table2. Test-retest reliability of self-report details of tobacco use history

Brigham et al

Timel Time2 No. ICC or k 95% Cl or SE
First use of tobacco
Agefirst tried tobacco, years, mean (SD) 15.5(3.5) 15.5(3.9) 1162 ICC=0.81 0.01
First tobacco was cigarette, % 94.2 934 1162 K=0.51 0.38, 0.64
Experience at first use of tobacco (1-5 scale), mean (SD)
Dizzy 3.14(1.3) 3.19(1.3) 1162 ICC=051 0.02
Lightheaded 3.10(1.3) 3.15(1.3) 1162 ICC=0.49 0.02
Nauseated 2.21(1.3) 2.28(1.3) 1162 ICC =054 0.02
Enjoyed it 3.00(1.1) 2.87(1.1) 1162 ICC =050 0.02
Coughing/choking 2.91(1.3) 2.97 (1.3) 1162 ICC=051 0.02
Liked taste 2,56 (1.2) 2,51 (1.1) 1162 ICC =0.51 0.02
Felt bad 2.19(1.2) 2.24(1.2) 1162 ICC=051 0.02
Relaxed/calm 270(1.2) 2.61(1.1) 1162 ICC=0.36 0.03
Irritated throat 2.64(1.3) 2.73(1.3) 1162 ICC=0.49 0.02
Head rush/buzz 3.36 (1.3) 3.47(1.2) 1162 ICC=0.52 0.02
Felt good 2.58(1.2) 251 (1.1) 1162 ICC=0.38 0.03
Difficulty inhaling 259 (1.4) 2.69 (1.4) 1162 ICC =041 0.03
Liked smell 244 (1.2) 2.46 (1.2) 1162 ICC=051 0.02
Weekly use of cigarettes
Agefirst smoked cigarettes at least weekly, 17.3 (4.2) 17.3(4.1) 913 ICC=0.85 0.01
years, mean (SD)
Number of cigarettes/week when started 34.3(35.1) 34.2 (39.3) 554 ICC=0.52 0.03
weekly use, mean (SD)
Daily use of cigarettes
Agefirst used daily, years, mean (SD) 17.6 (4.5) 17.6 (4.3 857 ICC=0.82 0.01
Number of cigarettes/day when started daily  9.64 (7.2) 9.50 (7.3) 515 ICC=0.54 0.03
use, mean (SD)
Smoked < 1 hour after waking when started  26.3 26.5 515 K =0.53 0.44,0.62
daily use, %
Minutesto first cigarette of day when started  160.4 (148) 148.6 (137) 411 ICC =057 0.03
daily use, mean (SD)
First or only cigarette quit attempt of = 3 months' duration
Age, years, mean (SD) 283(9.7) 28.2(9.8) 546 ICC=0.86 0.01
Number of months, mean (SD) 13.5(17.6) 12.9 (16.6) 430 ICC=0.79 0.02
Used cessation aid, % 251 24.0 546 k=071 0.64,0.78
Pack-years
Pack-years, mean (SD) 19.1 (18.1) 19.9(18.7) 504 ICC=0.76 0.02

Risk and Protective Factors for Tobacco Use

Reliability was moderate or high for questions about the four
risk/protective categories. family history of tobacco use,
secondhand smoke exposure, alcohol use, and religiosity (Table
3). Reliahility of family history reports of parental, sibling, and
offspring tobacco use were high. Questions about exposure to
secondhand smoke indicated moderate to high reliability.
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Questions about alcohol useranged in reliability from moderate
to high. Respondentsindicated at both Time 1 and Time 2 that
when they drank alcohoal, they also used tobacco about 60% of
the time. Among questions about religiosity, those indicating
highest reliability were regarding seeking divine guidance in
decision making, and serving God (Table 3). Reliahility of other
questions regarding religiosity ranged from modest to high.

JMed Internet Res 2009 | vol. 11 | iss. 3 €35 | p.136
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Brigham et &

Table3. Test-retest reliability of measures of risk for and protection against tobacco use®

Timel Time2 No. ICCork 95% Cl or SE

Family history of tobacco use

Mother used tobacco, % 47.8 48.6 1188 «k=0.86 0.83,0.89

Father used tobacco, % 724 74.0 1148 k=0.75 0.71,0.79

Number of siblings who used tobacco, mean (SD) 1.38(1.5) 1.40 (1.5) 392 ICC=0.84 0.02

Number of offspring who used tobacco, mean (SD) 0.68 (1.0) 0.63(0.9) 243 ICC=0.87 0.02
Exposure to secondhand smoke

Smoking currently allowed inside home, % no 56.0 57.2 1213 k=0.80 0.77,0.83

Smoking currently allowed in car, % no 38.2 384 1213 k=0.83 0.80, 0.86

Children currently exposed to smoke inside home, % no 85.6 87.0 1229 k=0.65 0.58,0.71
Alcohol use

Ever used acohol, % 91.2 89.3 522 K =041 0.29, 0.54

Drink alcohol currently, % 80.4 75.9 515 K =0.59 0.50, 0.67

Agefirst tried acohol, years, mean (SD) 15.9(2.8) 15.8(3.1) 444 ICC=0.70 0.02

Used any form of tobacco when first used alcoholb, % 68.5 62.9 143 K =0.64 0.47,0.80

Used cigarettes when first tried acohol®, % 73.0 69.7 337 K =0.63 0.54,0.72

How often drink, % at least several times per week 27.2 28.1 442 ICC =0.80 0.02

Number of drinks when use alcohol, mean (SD)® 3.10(2.3) 3.08 (2.3 407 ICC=0.76 0.02

Use tobacco now when drink alcohol, % of time 59.6 58.6 917 ICC=0.78 0.01
Religiosity (scale 1-5) @

My faith involves al of my life, mean (SD) 2.67 (1.5) 2.70(1.5) 454 ICC=0.72 0.02

One should seek God's guidance when making every important decision,

mean (SD) 305(1.6) 305(1.6) 1035 ICC=0.84 0.01

In my life | experience the presence of the divine, mean (SD) 2.81(1.5) 2.83(1.5) 434 ICC=0.70 0.02

My faith sometimes restricts my actions. 2.39(1.5) 247 (15) 462 ICC=0.63 0.03

Nothing is as important to me as serving God as best | know how, mean

(SD) 2.64(15) 268(15 452 ICC=0.82 0.02

| try hard to carry my religion over into all my other dealingsinlife, mean

(SD) 2.62(15) 266(14) 463 ICC=0.70 0.02

My religious beliefs are what really lie behind my whole approach to life,

mean (SD) 257(15) 260(14) 455 ICC=0.75 0.02

It doesn’t matter so much what | believe aslong as | lead amordl life,

mean (SD) 357(15) 353(15) 462 ICC=047 0.04

Do you participate or believe in one specific religion or belief system?,

% yes 52.8 525 1224 k=071 0.67,0.74

How frequently do you attend church meetings or gatherings associated

with thisreligion or belief system?, % daily or weekly 18.1 17.6 1224 k=055 0.51,0.58

How often do you pray or meditate in an effort to communi cate with deity,

or with what some people call a*“higher power”?, % daily or weekly 495 50.7 1224 k=0.52 0.48,0.55

Have you ever participated in areligious or social group that discourages

or prohibits tobacco use?, % yes 129 121 703 K =0.53 0.45, 0.60

@ Some questions were added to the LTUQ between first and second waves of test-retest administration, resulting in lower cell sizes.
b ndings include responses of “yes,” “no,” “unsure,” or “decline to state.”
€ ICC calculations excluded two outliers.

d Adapted from Hoge and colleagues [22,23]. Scale: 1 (“disagree”) to 5 (“agree”) plus “unsure’ or “decline to state,” unless indicated otherwise in
parentheses.
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Sex, Age, and Income

Reliability estimates of severa questions about the frequency
of tobacco use and the age of first use differed between men
and women. Statistically significant results were as follows:
Reliability of self-reported age at first use was higher for women
(0.84) than for men (0.78; P < .001). However, men's
self-reported age at onset of weekly smoking had higher
reliability (0.92) than that of women (0.79; P < .001). Women
reported pack-years with higher reliability (0.81) than did men
(0.66; P <.001). Women also recalled thelevel of first-use head
rush/buzz (0.60 vs 0.45 for men; P < .001) and difficulty
inhaling (0.47 vs 0.35 for men; P = .02) with higher reiability
(see Multimedia Appendix 3, Supplementary Table 1).

The reliability estimates of several questions varied by age
group. Statistically significant resultswere asfollows: Younger
respondents (18 to 37 years) reported the age at first tobacco
use less reliably (ICC = 0.77) than their older counterparts
(middle, 38 to 50 years, ICC = 0.81; and older, 51 to 78 years,
ICC =0.85; P =.01). However, the younger group’s reporting
of the age at first daily use (ICC = 0.91) showed higher
reliability than that of middle (ICC = 0.82) and older (ICC =
0.79) respondents (P < .001). Reliability was high among all
age groups for both questions. Younger respondents’ reporting
of pack-yearswas high (ICC = 0.89), whereasthe middle (ICC
= 0.66) and older (ICC = 0.68) groups' response reliability was
moderate (P < .001). For two subjective responses to first
tobacco use (irritated throat [P = .01], felt good [P = .04]), the
younger group’s responses had modest and moderate reliability,
while those in older groups either had modest reliability or did
not meet criteria for modest reliability (see Multimedia
Appendix 3, Supplementary Table 2).

The only statistically significant tobacco-use difference based
on median household income was the amount of tobacco used
the first time, which was reported somewhat more reliably by
middle-income respondents (P < .001), although the reliability
for al three income groups was modest (see Multimedia
Appendix 3, Supplementary Table 3).

Discussion

Research Goals

These findings paralleled our 2-year CASI reliability study of
asimilar Web-based sample[13]. The present findings supported
the supposition that key questions retrospectively asking about
tobacco use and elements of risk and protection can berecalled
with moderate to high reliability in a\Web-browser environment.
Potentially salient events and aspects of risk can be recalled
more reliably than less memorable events (eg, age of first use
of tobacco elicited higher reliability than type of tobacco first
tried or amount used at first try). Sex, age, and approximated
income effectsin both studiesindicated few reliability variations
based on those characteristics.

Reliahility estimatesin the present 2-month study were generally
higher than those reported in the 2-year test-retest reliability
study of an earlier version of theLTUQ[13]. Intheearlier CASI
study, also conducted on a closed, invitation-only, randomly
selected Web-panel convenience sample, the apparent salience

http://www.jmir.org/2009/3/e35/
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of events affected reliability to a greater extent than in the
present study. A 2-month test-retest administration may be more
subject to carryover effects from persistence of memory,
although the risk is smaller than for the shorter time intervals
common in psychometric analyses of substance use questions.
Some questions with low reliability in the 2-year study were
not included in this study because of their apparent psychometric

inadequacy.

The reliability of questions about subjective response to first
use of tobacco was more modest in the 2-year study, athough
the present findings of scaled responses showed only modest
to moderate reliability. When responses were dichotomized to
any versus none in the 2-year reliability study, reliability was
higher. The modest reliability of these measures suggests the
advisability of neither expecting nor requiring fine-tuned recall
of early events.

The relative strength of the pack-years reliability measure was
comparable to that reported by Bernaards and colleagues [28],
indicating that reliability of retrospective recall of pack-years
can approximate that of prospective measurement, with some
limitations.

Thefindings al so provided support for exploring and expanding
the use of the Web for questionnaire self-administrations. The
rapid expansion of Internet access acrossthe US population has
made panel participation feasible for an increasingly broader
range of respondents. A lingering question, however, iswhether
Internet penetration remains so linked to income and education
levels that ascertaining a sufficiently broad or representative
Web sampleis possible. Recent findings from the Pew Internet
& American Life Project [17] indicate that Internet accessisno
longer the domain of the young, but now crosses all age
boundaries. Some 87% of those aged 30-34 use the Internet,
with 83% of those aged 40-44, 80% of those aged 35-39, 80%
of those 45-49, and 78% of those aged 50-54. Internet use is
growing most rapidly in the 70-75 age group, with 45% currently
online. Between 70% and 80% of all those online have home
broadband access.

Internet access also isno longer the domain of only the wealthy
and educated. Asearly as 2004, acommissioned research study
[29] found that computer use was morethan 72% for those with
ahigh school diploma, and exceeded 86% for all other education
level groups. Education attainment information collected
annually through the US Census Bureau’s American Community
Survey and the Current Population Survey [30] indicated that
84% of US adults older than age 25 had at least a high school
diploma or equivalent. Some 54.4% had at least some college.
Education attainment figures reflect some racial and ethnic
disparities, such as higher education levels among Asians and
lower education levelsamong individuals not born in the United
States.

Also of concerniswhether a Web sample can be representative
of US smokers. A 2007 Centers for Disease Control and
Prevention (CDC) report [31] indicated that smoking prevalence
varied by education, with higher smoking rates among those
with less than 12 years of schooling (33.3% of smokers) and
those with a diploma equivalent (44.0%). Smoking rates were
lower among those with more education. They were also lower
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among those 65 years or older (8.3%), compared with smoking
rates between 21.0% and 22.8% for younger groups. Smoking
rates were higher (28.8%) among those below the federal
poverty level than among those above that level (20.3%). The
most current census report [30] does not delineate nativity,
which influences education level and could affect smoking rates.

Limitations

Sample

Thefindings were not intended for extrapolation to the general
US population or US tobacco users. Since this study was
conducted on a convenience sample, its representativeness and
generalizability relative to the US population were
undetermined. A quota-cell, weighted, or other popul ation-based
study was beyond the scope of this research. Education level
of respondents was higher than that of the US population. Race
did not approximate national statistics. Additionally, the sample
may have underrepresented groups still lagging in education
and in Internet access, such as individuals with disabilities,
those born outside the United States, and those bel ow the federa
poverty level.

The median-income approximation should be interpreted with
caution because the measure, based on ZIP codes, was an
indirect determination.

Validity

Although reliability does indicate repeatability and stability of
responses, acceptable levels of reliability do not establish the
validity of responses. It is possible that subjects responded
consistently but inaccurately. The investigators currently are
examining LTUQ validity in two longitudinal samples.
Pack-Years Calculation

The process of estimating pack-years from LTUQ data may
have underestimated or overestimated actual total consumption.

Acknowledgments
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It also did not take into account the use of other types of tobacco,
which would have been feasible but would have required a
considerably more complex calculation. The validity of our
estimation approach depended on the assumption of a linear
change in the number of cigarettes smoked between any two
time points for which cigarette consumption was stated. This
assumption may have been particularly questionable when the
individua had never succeeded in quitting for 3 or more months,
and when many years separated the questionnaire administration
date and the date when the individua first smoked weekly. If
theramp-up were more rapid than linear, we would have tended
to underestimate pack-years. Also, if theindividual temporarily
reduced cigarette consumption prior to starting a quit attempt,
our estimation approach would have tended to underestimate
cigarette consumption for the interval ending on the date that
quit attempt started. Finally, missing information about other
quit attempts (of any duration) may have resulted in
overestimation of pack-years.

Conclusions

This study reinforced the expectation that retrospectively
collected self-report data about the development and
maintenance of addictive behaviors can be a valuable and
reliable source of information about lifetime substance use [4].
The present results add to the evidence indicating that this
relatively economical approach can yield reliable reports of
behaviorsthat have not been captured in real time. Thefindings
thus provide support for exploring and expanding the use of the
Web for questionnaire self-administrations.

Aslnternet penetration breaks through demographic boundaries,
sampling can more readily include those with less education,
lower income levels, and those in older age ranges. Even so, in
spite of greater relative ease of access, accurate Web-based
research will continue to require appropriate sampling and
analytic procedures, as well as cautious interpretation and
extrapolation.
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Abstract

Background: Web-based behavioral programs efficiently disseminate health information to a broad population, and online
tailoring may increase their effectiveness. While the number of Internet-based behavioral interventions has grown in the last
severa years, additional information is needed to understand the characteristics of subjects who enroll in these interventions,
relative to those subjects who are invited to enroll.

Objective: Theaim of the study wasto compare the characteristics of participantswho enrolled in an online dietary intervention
trial (MENU) with those who were invited but chose not to participate, in order to better understand how these groups differ.

Methods: The MENU trial was conducted among five health plans participating in the HMO Cancer Research Network in
collaboration with the University of Michigan Center for Health Communication Research. Approximately 6000 health plan
members per site, between the ages of 21 and 65, and stratified by gender with oversampling of minority populations, were
randomly selected for recruitment and were mailed an invitation letter containing website information and a US$2 bill with the
promise of US$20 for completing follow-up surveys. Administrative and area-based data using geocoding along with baseline
survey data were used to compare invitees (HMO members sent the introductory letter), responders (those who entered a study
ID on the website), and enrollees (those who completed the enrollment process). Generalized estimating equation multivariate
and logistic regression models were used to assess predictors of response and enrollment.

Results: Of 28,460 membersinvited to participate, 4270 (15.0%) accessed the website. Of the eligible responders, 2540 (8.9%)
completed the consent form and baseline survey and were enrolled and randomized. The odds of responding were 10% lower for
every decade of increased age (P < .001), while the likelihood of enrolling was 10% higher for every decade increase in age (P
< .001). Women were more likely to respond and to enroll (P < .001). Those living in a census tract associated with higher
education levels were more likely to respond and enroll, as well as those residing in tracts with higher income (P < .001). With
a22% (n = 566) enrollment rate for African Americans and 8% (n = 192) for Hispanics, the enrolled sample was more racially
and ethnically diverse than the background sampling frame.

Conclusions: Relativeto membersinvited to participate in the Internet-based intervention, those who enrolled were more likely
to be older and live in census tracts associated with higher socioeconomic status. While oversampling of minority health plan
members generated an enrolled sample that was more racially and ethnically diverse than the overall health plan population,
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additional research is needed to better understand methods that will expand the penetration of Internet interventions into more

socioeconomically diverse populations.

Trial Registration:
at http://lwww.webcitation.org/5]B50xSfU)

(J Med Internet Res 2009;11(3):€38) doi:10.2196/jmir.1086
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Introduction

Web-based behavioral programs can efficiently and effectively
disseminate health education to abroad population [1] and allow
peopl e to access multimediainformation on their own schedule,
at their own pace and location, without geographic limitations
or the expense of face-to-face interactions[2]. Online tailoring
may increase the effectiveness of these programs [3]. Indeed,
many health plans and for-profit wellness companies are now
offering Web-based health behavior change programs [1], and
more attention is now being given to understanding effective
recruitment for such Web-based programs [4]. The future
effectiveness of Internet-delivered health promotion programs
as population-based interventions will depend on their ability
to reach and engage a broad variety of users.

While Internet-based programs have the potential to reach
millions of people, potential reach isnot actual reach [5]. Hedlth
plans (health maintenance organizations, HMOs) maintain
comprehensive el ectronic data, making the recruitment process
efficient sinceindividuals can bereadily identified and targeted
by age, gender, diagnoses, and procedures. These databases also
allow the research teams to track participation and eventually
outcomes related to health and medical care [6,7].

We previously reported on the importance of combining pre-
and post-enrollment financial incentives for recruiting and
mai ntai ning participation in an online health promotion program
[8]. A recent study that compared response rates by gender and
racial subgroupsto determineincentive combinationsthat would
better recruit a diverse group of healthy adults who were
members of a Midwestern HMO to an online health program
[8] determined that acombination of aUS$2 bill and the promise
of US$20 for completing an online follow-up survey was most
effective across gender and broad racial/ethnic subgroups. What
is not known is the effect of this combination across diverse
geographic regions.

Furthermore, to our knowledge, no one has examined who
enrolls in online health promotion programs and how the
characteristics of these people differ from those who do not
participate. This information has important implications for
those designing and marketing online health promotion
programs; however, dataon nonresponders are often unavailable,
making such acomparison impossible. Using automated health
plan data and geocoding, we were able to examine thisissuein
the Making Effective Nutritional Choices (MENU) trial, which
is an online dietary intervention study funded by the National

http://www.jmir.org/2009/3/e38/

Cancer Institute and open to members of five US health plans
[9].

Based on data from other health promotion programs, both
I nternet-based and otherwise [10], we hypothesi zed that women
and persons of higher socioeconomic status would be more
likely to enroll in MENU [11-13]. This paper reportstheresults
of the MENU recruitment efforts, including a comparison of
the demographic characteristics of people who wereinvited but
did not respond (invitees), people who visited the website and
entered their log-in ID but did not enroll (responders), and those
who were €ligible and enrolled (enrollees). We believe our
results shed important light on the demographic characteristics
of peopleinterested and willing to participatein an online health
promotion intervention study and will help inform this
burgeoning area of interest.

Methods

Setting

We devel oped an Internet-based program to promote increased
intake of fruits and vegetables, “Making Effective Nutritional
Choices (MENU),” and tested it among diverse members of
five health plans. MENU was a randomized trial conducted in
conjunction with the HMO Cancer Research Network (CRN)
[9]. The CRN consists of the research programs, enrollee
populations, and legacy databases of the participating integrated
health care organizations. The goal of the CRN is to conduct
research on cancer prevention, early detection, treatment,
long-term care, and surveillance[14]. Five of the CRN éaffiliated
health care delivery systems—Group Health in Seattle, Kaiser
Permanente Colorado in Denver, HealthPartnersin Minnesapolis,
Henry Ford Health System in Detroit, and Kaiser Permanente
Georgia in Atlanta—collaborated with the University of
Michigan's Center for Health Communications Research for
the MENU study. The Ingtitutional Review Boards from all
participating institutions approved this study prior to data
collection.

Recruitment

For the remainder of the paper, the following terms with
associated definitions will apply: Invitees are defined as
members of one of the five health plans noted above who were
mailed arecruitment letter; responders are defined asany invitee
who entered a study 1D on the MENU website; enrollees are
defined as responders who completed all enrollment steps in
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the study, which included an online eligibility survey, consent
form, and baseline survey.

Invitees

Using administrative databases, each site identified a random
sample of individuals aged 21-65 years at the beginning of the
study enrollment period (September 2005) who were current
memberswith at least 1 year enrollment in the respective health
plan with no enrollment gaps greater than 90 days at one time.
We used diagnostic codesin the health plan databasesto exclude
from the sample anyone with amedical condition that could be
negatively affected by increasing intake of fruitsand vegetables.
These conditions included current cancer treatment,
gastroparesis, neurological conditions, mental health conditions,
and use of anticoagulant medications. From potentially eligible
members, we drew a random sample of approximately 6000
individuals from each participating health plan, stratified by
gender, with a 10% response goal for study enrollment.

At three sites, minority racial/ethnic groups (African American
at Sites 2 and 5, and Hispanic at Site 4) were oversampled in
order to enhance the enrollment of these populations. The
demographic characteristics of the respective health plan
membershipsare shownin Table 1. At thetimethis study began,

Stopponi et al

health plans did not prospectively collect data on the race and
ethnicity of their members. Race and ethnicity of the respective
health plan members were estimated based on various health
plan surveys, census data, etc. Approximately 35% of the
membership of Site 2 was African American. Only at Site 2
could the race/ethnicity category for members be ascertained
from administrative databases, therefore, the sample pool
included 60% of the invitees from the African American strata
and 40% from “all others’; both categories were stratified by
gender. Approximately 32% of the Site 5 enrollment population
was African American, and two of its medical clinics had an
estimated African American population of 90%. Site 5
oversampled for African Americans by pulling 61% of its
samplefrom these two predominately African American clinics.
Part way through recruitment, in response to an overall lower
enrollment rate, thissite added an additional 887 invitees, using
the same oversampling methodology, to the recruitment pool.
Approximately 16% of Site 4's population was Hispanic. This
siteweighted 50% of itstotal recruitment by aprobable Hispanic
indicator. Probable Hispanics were identified with a Latino
surname algorithm based on the Passel-Word Spanish surname
list utilized by the 1990 Census[15-18] (also Carroll NM et al,
unpublished data, 2009).

Table 1. Characteristics of the entire membership of participating MENU health plans

Sitel Site 22 Site 3 Site4 Site5
Total enrollment (x 1000) 480 250 669 373 271
Age (years), %
<24 35 39 37 34 32
25-44 32 35 39 28 33
45-64 22 20 22 26 28
65-74 12 6 1 9 4
=75 11 - 1 6 2
Female, % 53 53 52 51 53
Race, %
White 89 60 85 75 58
African American 4 35 6 6 32
Asian American 5 <1 5 2 4
Native American 1 <1 1 1 <1
Hispanic 1 <1 3 16 3
Other 0 2 0 1 2
Web access, % 75 73 83 78 79

@ ncludes only members assigned to staff model medical group (physicians who are employed by the health plan).

Invitees were mailed a single introductory letter from each
respective site that described the study, was signed by each
health plan’s respectiveinvestigator, and was postmarked locally
using metered postage. Thislocal focuswasintended toincrease
members confidence in the study invitation [19,20].
Study-related information, a unique log-in ID, and the name
and telephone number of the health plan’s contact person were
included in the letter. The letter was accompanied by a colorful
3-inch by 8-inch flyer (Figure 1) inviting recipientsto participate

http://www.jmir.org/2009/3/e38/

in the study and a pre-paid monetary incentive [8]. Both the
letter and flyer invited the recipient to “check out” the website
and provided the MENU study’s URL and toll-free telephone
number. An incentive combination was used based on results
from previous work investigating optima incentives for
Web-based health program participation and retention [8]. Each
introductory letter contained a US$2 bill as an enrollment
incentive and described the US$20 promised incentive that
would be sent for completion of each of the three online
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follow-up surveys, over the course of 1 year. All study materials
were provided in English only. Since the population at Site 4
may have included a large number of non-English-proficient

Figurel. MENU flyer

W
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invitees, the introductory letter from this site included Spanish
text explaining that the MENU program was being offered in
English only.

Eating fruits and vegetables can help you
= prevent serious illness

= manage your weight

What is MENU Choices?

MENU Choices is a FREE internet-based
program to help you eat more fruit and veggies.

What is so special about MENU?

It’s on the Web (with email reminders) to
make learning more convenient for you.

Who can participate?
You may be eligible if you:

v Are age 21 - 65

v/ Have an email account and access to the
internet for personal use
v/ Meet certain medical requirements

How do I get started?

= Go to www.mmenuchoices.org

= Enter your personal access code listed

on the letter and follow the instructions.

Have questions about our program?

If questions remain after visiting the Web
site, call the MENU Choices team toll free

at 1-877-874-1188.

HO03-0596-R1

Responders

Thoseinterested in participating logged on to the study website
and were asked to answer questions (pre-consent) and then to
complete a short survey that confirmed eligibility status. The
eligibility survey included 9 to 12 questions, depending on
persona tailoring, and included questions to confirm health
plan membership status, age, accessibility to the Internet for
personal use, frequency of use of a personal email address, and
history and treatment of certain health conditions. Eligibility
was restricted to those who reported having accessto the I nternet
for persona use, who had a working email account that they

http://www.jmir.org/2009/3/e38/
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used at least once a week, and who did not have a health
condition that conflicted with eating fruits and vegetables.

Responders found to be eligible were presented with an online
informed consent form. The process asked membersto read the
consent information and click “| agree” after each page before
being able to move to the next page of the consent form. The
toll-free telephone help humber and a“help” link appeared at
the bottom of each page. The final screen provided the option
to print a paper copy of the consent form.

Enrollees
Following completion of the consent process, the website
prompted the responders to provide email and postal contact
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information so that incentives and email reminders could be
sent as part of the intervention protocol. The email addresswas
verified through areply email sent automatically from the study
website server. Once the email address was verified, the online
baseline survey was available for completion. It was comprised
of approximately 70 questions and took approximately 25
minutes to complete. Participants were considered “enrolled”
after they completed the survey. The Web programming allowed
participants to complete the survey over several sessions, if
interrupted. Responderswere given 28 daysto begin the baseline
survey and 28 daysto complete the survey once started. During
thistime, up to four automated email reminders were sent, one
every three or four days, to persons with incomplete surveys.
After the final 28 days expired, the survey was closed to those
not completing the enrollment process. Enrollees were those
participants completing all steps of enrollment.

M easures

Age, gender, and residentia address were obtained from
administrative databases for each invitee. We employed
geocoding techniques to the residential address to create
area-based proxiesfor income and education as soci oeconomic
variables for each invitee. Geocoding was performed using
MapMarker Plus and 2000 Census data. Each participant’s
address was mapped to a census tract and the corresponding
median household income and proportion of the census tract
attaining various educational levels. Indicator variables were
created for each invitee, with cut points at median household
income and post-high school versus less educationa levels.
Race, ethnicity, and other demographic and socioeconomic
variables were obtained by self-report from enrollees in the
baseline survey.

Statistical Analysis

The numbers of invitees, responders, and enrollees were
tabulated. Descriptive statistics were computed to characterize
demographics and geocoded information for each group.

http://www.jmir.org/2009/3/e38/
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Statistical significance of differences was tested using the
Wilcoxon rank sum or the chi-square test. The protected least
significant difference approach to multiple comparisons was
used to compare enrollment rates among the sites.

The associations between age, gender, and census-derived
household income and education indicators, and between
response and enrollment, were assessed using generalized
estimating equation (GEE) multivariable logistic regression.
GEE was used to take into account clusters defined by site.
Customary residual and influential statistics were examined to
assessmodel fit and evaluate outliers. Analyseswere conducted
using SAS9.1[21].

Results

Characteristics are presented for each participating health plan
population (Table 1). Across the five study sites, the estimated
proportion of African Americansranged from 4% to 35%, with
an overal average of 12.5%. The proportion of Hispanic
members ranged from < 1% to 16%, with an overall average of
4.5%.

Figure 2 indicates the flow of participants from invitation to
enrollment. A total of 28,460 adultsfrom each of thefive health
plans were invited to participate; 15% (n = 4270) responded to
the introductory letter, visited the website, and entered their
uniquelog-in ID (responders). Of these, 18.5% (n = 789) failed
to complete the enrollment process. Reasons for dropoff
included not completing the pre-consent or eligibility questions
(n = 424, 54%), ineligibility due to no or infrequent Internet
access (n = 140, 17.7%), ineligibility due to medical history (n
=118, 15.0%), or ineligibility dueto not being currently enrolled
in the health plan (n = 100, 12.7%). Out of the eligible
responders (n = 3481), a total of 941 (27.0%) did not enroll.
Additional details on the reasons for dropout are provided in
Figure 2. In total, 2540 (8.9% of invitees) enrolled.
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Figure2. Recruitment flowchart for MENU
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Invitees
(n=28.460)

.| Never visited web site

(n=24190)
y
Responders
(n=4270)
Ineligible
Non-compliant ]
Declined pre-consent No or infrequent Internet access
(n=28) (1.1 =140)
Did not complete pre-consent Health history
(n=415) (n=118)
Did not complete eligibility survey »| Not currently in Health Plan
(n=1) (n=100)
Ineligible due to age
(n=7)

Y

Eligible
Responders
(n=3481)
Non-compliant
Did not complete baseline survey
o (n=3591)
Did not complete final consent
(n=257)
Refused at final consent (n= 93)
y
Enrollees
(n = 2540)

Characteristics of theinvitees, responders, and enrollees derived
from geocoding, administrative data, or self-report are
summarized in Table 2. While 47.8% of the inviteeslived in a
census area defined as having greater than 63% completing high
school, 56.3% of the responders and 58.7% of the enrollees
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lived in such areas. Similarly, 40.1% of invitees mapped to a
census area median household income of at least US$52,250,
and half of the responders and enrollees mapped to this higher
income level. Comparing those enrolled to those invited,
enrollees were more likely to be from households with higher
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education (10.9% vs 7%, P <.001) and income (11.1% vs 7.4%,
P < .001). Women represented 50.2% of invitees and made up
61.4% of responders and 64.8% of enrollees. On average,
responderswere slightly older than invitees and enrollees (46.0
yearsvs44.3 yearsand 45.5 years, respectively.) The percentage

Stopponi et al

of enrollees compared to inviteesvaried by site, with the highest
enrollment seen in Site 1 (13.1%, P < .001). Finaly, the
enrolleeswere comprised of 22.3% (n = 566) African Americans
and 7.6% (n = 192) Hispanics.

Table2. Descriptive characteristics of invitees, responders, and enrolleesin MENU?

Characteristic Invitees Responders Enrollees Enrolled/
(n = 28,460) (n = 4270) (n = 2540) Invited®
No. (%) No. (%) No. (%) %
Census-Derived Data ?
Education
< 63% high school or greater 13,622 (52.2) 1705 (43.7) 957 (41.3) 7
> 63% high school or greater 12,461 (47.8) 2195 (56.3) 1360 (58.7) 10.9
Median household income
<US$52,250 15,621 (59.9) 1994 (51.1) 1154 (49.8) 74
> US$52,250 10,462 (40.1) 1906 (48.9) 1163 (50.2) 11.1
Administrative Data
Gender
Female 14,298 (50.2) 2621 (61.4) 1645 (64.8) 115
Male 14,162 (49.7) 1649 (38.6) 895 (35.2) 6.3
Health plan site
Sitel 4053 (14.2) 845 (19.8) 532 (20.9) 13.1
Site 2 6372 (22.4) 930 (21.8) 520 (20.5) 8.2
Site 3 4332 (15.2) 712 (16.7) 456 (18.0) 10.5
Site4 5751 (20.2) 805 (18.9) 514 (20.2) 8.9
Site5 7952 (27.9) 978 (22.9) 518 (20.4) 6.5
Survey Data
Race
White/other -- - 1935 (77.4) -
African American - -- 566 (22.6) --
Hispanic ethnicity
Yes - - 192 (7.6) -
No - - 2325 (92.4) -
Highest level of education
< High school or vocational tech - -- 397 (15.7) --
Some college - -- 855 (33.8) --
College degree - -- 663 (26.2) --
Post-grad - - 617 (24.4) -

@ Some variables had missing data; thus, numbers may not equal total.

b A total of 4274 (15.0%) invitees, 564 (13.2%) responders, and 333 (13.1%) enrollees had addresses that could not be mapped to the census data.
€ Enrollee versus invitee associations were all statistically significant (P < .001).

Table 3 presents results from a GEE logistic regression model
that was used to evaluate the association between invitee age,
gender, and indicator variablesfor census areamedian household
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income and education and visiting the MENU website and
entering the study 1D. Age, gender, and census area household
income and education were all statisticaly significantly
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associated with being a responder. For every decade increase
in age, a 0.89 decrease in odds of responding was observed

(95% CI 0.82-0.96, P = .002).

Stopponi et al

Table 3. Adjusted odds ratios for predicting a response to the MENU letter among invitees by age, gender, and census areaincome and education

Variable Odds Ratio? 95% ClI P
Age (decade) .89 .82, .96 .002
Female 1.40 1.19, 1.63 <.001
Higher census areaincome 111 1.01,1.23 .04
Higher census area education 117 1.05,1.29 .004

8 All odds ratios adjusted for other variablesin table.

Table 4 describes the results from a GEE logistic regression

model predicting enrollment. All characteristicsincludedinthe CI 1.63-2.16, P < .001).

model were statistically significantly associated with enrollment

Table4. Adjusted odds ratios for predicting enrollment of invitees by age, gender, and census areaincome and education

status, with female gender having the strongest association (95%

Variable Odds Ratic? 95% Cl P
Age (decades) 110 1.06,1.13 <.001
Female 1.88 1.63,2.16 <.001
Higher census areaincome 132 1.19, 1.46 <.001
Higher census area education 1.36 1.10, 1.68 .004

@ All odds ratios adjusted for other variablesin table.

We did not have racelethnicity invitee data from most of the
participating health plans, and therefore could not use them as
a predictor of response or enrollment. Our attempts to
oversample minority populations are shown in the enrollment
in Table 5, reflecting the underlying health plan minority
distribution. While the estimated proportion of African

Table5. Race and ethnicity of MENU enrollees

Americans varied across all five CRN health plans (see Table
1), oversampling resulted in the MENU study enrollees being
comprised of 22.3% (n = 566) sdlf-identified African Americans.
Across al five sites, the proportion of Hispanics who enrolled
was 7.6% (n = 192).

Stel Site 2 Ste3 Site4? Site 5% Totdl

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
African American 8(15) 230 (44.2) 13(2.9) 14 (2.7) 301 (58.1) 566 (22.3)
White 469 (88.2) 248 (47.7) 413 (90.6) 369 (71.8) 169 (32.6) 1668 (65.7)
Other 47 (8.8) 41(7.9) 29 (6.4) 110 (21.4) 40 (7.7) 267 (10.5)
Unknown 8(L5) 1(0.2) 1(0.2) 21(4.2) 8(15) 39 (L5)
Hispanic 21 (4.0) 7(14) 5(1.1) 146 (28.4) 13(2.5) 192 (7.6)
Non-Hispanic 506 (95.1) 508 (97.7) 447 (98.0) 367 (71.4) 497 (96.0) 2325 (91.5)
Unknown 5(0.9) 5(1.0) 4(0.9) 1(0.2) 8(1.5) 23(0.9)

8 Sites oversampling for diverse populations: Site 2 and Site 5 oversampled for African Americans, and Site 4, for Hispanics.

Discussion

This study describes the results of arecruitment effort to enroll
members of five health plans across the United States into a
Web-based behaviora intervention trial. A significant mailing
volume was needed to achieve our target enrollment, with a
final enrollment rate of nearly 9% of invitees. This enrollment
rate is consistent with other Web-based enrollment efforts[10].
Site enrollment rates varied, with overall sampling yielding a
diverse group of men and women and minorities. Similar to
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findings of Oenema et a [22], women made up two-thirds of
the enrollees. In contrast to other findings, this health promotion
program appealed to people equally across the education
spectrum. Enrollees were equally divided between college
completers, graduate school completers, and those with less
than college graduate education. Older inviteeswerelesslikely
to respond to the invitation to visit the website, but were more
likely to enrall in the study. This suggests that younger invitees
were open to investigating a Web-based study, but consistent
with findings by Verheijden and colleagues [23], the older
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responders actualy took the step and enrolled into the
Web-based behavior change program.

Of those who enrolled, there were significantly more women;
enrollees were generally older and non-Hispanic white and
resided in census areas of higher educational and incomelevels.
The enrollment of more women than men was consistent with
higher female enrollment in other dietary intervention programs.
Women tend to be the shoppers and food preparers of families
[11-13,24].

By oversampling minority health plan members at three of the
five sites, we were able to enroll a diverse cohort that was over
22% African American and almost 8% Hispanic. While the
proportion of overall minority enrollees varied by site,
oversampling doubled the proportion of participating African
American and Hispanic members relative to their underlying
populations, as noted in Table 1, improving the generalizability
of thefinal study outcomes.

Almost 85% of invitees never investigated the website in
responseto theinvitation letter. Efforts were made to encourage
letter opening and reduce the appearance of “junk mail,’
including using a more business-style envel ope with metered
postage and a recognizable affiliation (HMO) in the return
address [25]. These results may partially reflect self-selection
since eligibility requirements were included in the invitation.
Theselow recruitment numbers may reflect alack of awareness
of inadequate dietary patterns [22] and perceived difficulty of
or disinterest in increasing fruit and vegetable consumption
[26].

Given the large number of invitees who did not even view the
website, we assume that there were significant barriersto study
enrollment. The 12-month, longitudina MENU study might
have imposed too much time burden on invitees. Additionally,
aproportion of invitees probably did not have convenient access
to both the Internet and an email account on a weekly basis,
even though the number of Americans using the Internet has
grown to 79% [27]. Inviteeswereinitially given aUS$2 bill in
theintroduction letter and told that they would receive a higher
dollar amount after completion of each of the 3-, 6-, and
12-month surveys[8]. It is possible that these invitees needed
some further incentive to continue on to enrollment, including
availability of abrief portion of the website program or limited
accesstoit.

Nearly one-third of those presumably eligible who visited the
website to read about the study decided not to pursue
participation. A respondent viewing the website was met with
reguests to complete an eligibility survey, give consent, set up
a contact account (which included providing home and email
addresses and telephone number), and respond to emailed
requests to complete alengthy baseline survey. Completing the
lengthy consent and the baseline survey was required for
enrollment and access to the study’s intervention website. The
consent process required by the Research Ethics Board presented
full details on expectations and time frames for participation in
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this 12-month study. The consent form covered several pages,
and skipping pages to the end was not possible. While we
simplified the consent form to meet the 7th grade reading level
recommendation and used bullets and numbering to aid reading,
this Web-based consent “ contract” might have proved daunting,
particularly to those who had been merely curious about the
program requirements and interested in the offered incentives.
Future studies need to account for this barrier and consider the
enrollment completion rate in determining invitee sample size.
In addition, the baseline survey that was also required for
enrollment was quite lengthy and could have been a barrier to
completing enrollment.

Limitations and Strengths of the Study

Limitations of this study include relatively limited knowledge
of theindividual characteristics of thetarget population. Further,
the geocoding yielded low resolution of income and education.
Thereare other variables associated with likelihood of enralling,
for example race and ethnicity, which we could not or did not
assess. Practical human subject limitations precluded contacting
nonrespondents to elucidate further reasons for not enrolling.

Strengths of this study include a large and diverse target
population representing five geographic regions and
oversampling of minority members. Werecruited from aknown
sample of potential participants, used hedth system
administrative data to identify age and gender of invitees, and
used personal ID access codes to track the Web sign-on
information for respondents. Another strength includes our
ability to measure response to an online health promotion
intervention program, acknowledging the relatively low numbers
of those programs currently available[28]. Also, by stratifying
invitees by gender, we were able to measure the response rate
of men and women.

Conclusions

Web-based interventions have vast potential to reach virtually
anyone with Internet access [29], either through work or
personal computers. While only 9% of those invited went on
to enroll in MENU, we demonstrated that a mailed invitation
letter and online enrollment provided a efficient and rel ativity
successful mode to recruit diverse participants to a Web-based
health promotion study. The majority of our enrollees were
women, with proxy variables demonstrating relatively high
household  socioeconomic  status. However, through
oversampling, minority members enrolled at a higher rate than
the membership percentage across the combined health plans.
More research and reporting of response and enrollment rates
in Web-based research, defining various age, gender, racial and
ethnic groups, is needed to enhance the recruitment to eHealth
interventions in order to expand participation across diverse
populations. Such reporting for Web-based programs designed
for other lifestyle interventions to prevent and treat cancer and
chronic diseaseswould greatly enhance future utilization of this
medium by al racial and ethnic populations.
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Abstract

Background: Internet-based cancer risk assessment tools have the potential to inform the public about cancer risk and promote
risk-reducing behaviors. However, poorly communicated information on these websites may result in unintended adverse health
outcomes.

Objective: This study examined whether: (1) Internet-based cancer risk assessment tools use risk communication formats that
facilitate comprehension and reduce bias (asidentified by the empirical literature); (2) the use of these formats varies by website
affiliation; and (3) the websites provided information necessary to evaluate the quality of the risk estimate.

Methods: A content analysis of Internet-based cancer risk assessment tools was conducted. The terms cal culate cancer risk,
cancer risk calculator, estimate cancer risk, assess cancer risk, and cancer risk assessment were searched using three search
engines. Weidentified 47 risk assessment tools and coded each according to standardized criteria. We cal culated simple frequencies
on all coding categories and performed crosstabulations but did not conduct formal statistical analysis due to small cell sizes.

Results: Use of risk communication formats that facilitate comprehension and reduce bias varied widely (eg, 30% of websites
[14/47] provided absolute and comparative risk information but 83% [39/47] provided safety messages). Use of formats that
facilitate comprehension varied by website affiliation and communication strategy (eg, only 8.3% [1/12] websites affiliated with
the health careindustry provided absolute and comparativerisk information, but 83% [5/6] of websites affiliated with agovernmental
organization did so). Only 53% (25/47) of websites provided information about the statistical model or the peer-reviewed literature
that was used to calculate the risk estimate.

Conclusion:  Internet-based cancer risk assessment tools varied in their use of risk communication formats that facilitate
comprehension and reduce bias. Formats that are difficult to understand may cause people to misperceive their cancer risk and
consequently take inappropriate action.

(J Med I nternet Res 2009;11(3):€33)  doi:10.2196/jmir.1222
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Risk; risk assessment; communication; risk communication; perception; risk perception; calculators, programmable; risk calculator;
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Introduction

Many laypeople obtain individualized cancer risk estimates
from Internet-based risk assessment tools. Data from the 2005
Health Information National Trends Survey (HINTS), which
comprises a representative sample of the United States’ adult
population, reveal that approximately 25% of people have used
the Internet to seek information about cancer [1]. Although the
proportion of peoplewho sought information about their cancer
risk is not known, use of online cancer risk assessment toolsis
common. For example, the Your Disease Risk website averaged
nearly 2000 visitors per day in 2006 (personal communication
by Graham Colditz, 2006), and the National Cancer Institute’'s
Breast Cancer Risk Assessment Tool averaged over 1200 hits
per day in 2007 (personal communication by Rick Manrow,
2008). The purpose of providing people with individualized
risk estimates is to encourage them to engage in
health-promoting behaviors[2,3], such as using the health care
system appropriately, making good medical decisions, engaging
in health screening, avoiding tobacco use, engaging in physical
activity, and eating a healthy diet. To achieve this, it is crucial
that the information be presented in a way that facilitates
comprehension and does not bias risk perceptions [4].

Gurmankin Levy and colleagues [5] examined the quality of
risk estimates for 13 breast cancer risk assessment websites.
Many of these risk assessment tools used different risk factors
to calculate risk, and in some cases excluded well-established
risk factors, such as age at first live birth. Consequently, it is
not surprising that the risk estimates provided for a particular
risk profile varied across assessment tools. These authors [5]
aso found that many Internet-based risk assessment tools did
not provide sufficient information to evaluate website quality.
For example, some websites did not contain information about
institutional affiliations or identify the statistical model used to
calculaterisk [5,6]. Because millions of people seek cancer risk
information from Internet sources [1], the public health
implications of inaccurate or inadequate risk communication
are clear. Risk assessment tools that provide incorrect
information may lead people to experience negative outcomes,
such as seeking too much or too little medical care.

Even when risk assessment tool s provide accurate risk estimates,
the information needs to be presented clearly. People do not
alwaysunderstand probabilistic information [7-11], even though
they often report wanting to use it to make medical decisions
[12]. The dilemma is exacerbated by the fact that risk
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perceptions, risk comprehension, and decision making can be
affected by the ways in which probability information is
presented [4,13-18]. For example, arrays of stick figures (also
referred to as “pictographs’ and “icon arrays’) can make it
easier for people to understand the effects of hypothetical
medical treatments and can reduce the undue influence that side
effects have on hypothetical treatment decisions [19].
Misperceiving one's risk of illness may result in poor health
decisions. For example, a woman who overestimates her risk
of developing cervical cancer might undergo excessive
screening, but she might also be so overwhelmed with anxiety
that she avoids screening entirely.

A number of researchers have tested various ways to
communicate probabilistic risk information [9,14,16,20-22].
According to these studies, the optimal risk communication
format depends on what the communication is expected to
accomplish. For example, presenting a drug’s benefit only asa
relativerisk reduction (“reduce the overall mortality by 20.3%")
can be more effective in persuading physicians to prescribe a
drug than presenting only absolute risk reduction information
(“reduce overall mortality from 7.8%...t0...6.3%") [23] (page
123). However, if the goa is education rather than persuasion,
providing both absolute and relative information is most
effective [24]. Thus, no single risk communication format will
be appropriate in all situations and under all conditions.

If the goal of Internet-based risk assessment tools is to assist
people in making good decisions about their health, they must
communicate probabilistic risk information in a way that
facilitates comprehension and reduces biased interpretations
[4]. A large and growing literature on risk communication
permits us to infer which formats are likely to be most useful
in helping people understand cancer risk estimates (Table 1).
However, it is unknown how these formats interact with each
other to influence perceptions of risk. Conseguently, Table 1
should not be viewed as a checklist of required criteria, but
instead as a list of important factors to take into consideration
when developing a tool. Just as readers would not use a
statistical test without understanding its underlying principles,
they should not develop a risk assessment tool without having
some rudimentary understanding of how different risk
communication formats might affect risk perceptions and
comprehension. Comprehensive reviews of the complex issues
surrounding probabilistic risk communication can be found at
[21,22,24-27].
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Table 1. Communication formats that reduce bias and facilitate comprehension of probabilistic risk estimates?

Risk Communication
Format and Selected
Relevant Citations

Why the Recommended Format Is Important When the Communication Goal Isto Educate and Inform

Describe the risk using
words and numbers
[20,22].

Communicate numeric
risk as N in 1000 or as
apercentage
[16,17,20,22].

Provide absolute and
comparative risk infor-
mation [20,25,28-30],
but see[24].

Compare cancer risk to
therisk of other hazards
[22].

Framethe risk in posi-
tive and negative terms
[18,20,25].

Specify the duration of
risk [20,25].

Provide safety mes-
sagesand risk reduction
strategies [31-33].

Includeavisual display
of risk [20,22,26].

Acknowledge that the
risk estimate contains
an element of uncertain-
ty [22].

Using words only is ambiguous because people assign different numeric values to the same label (eg, “small” can mean
“2%" to some people and “10%" to others). Using numbers only is problematic due to the population’s low levels of numer-
acy (ie, the ability to use numeric information) and alack of contextual information (eg, Should a 7% lifetimerisk of breast
cancer be considered a high risk or alow risk?).

Risk comprehension is highest when risk estimates are presented as a percentage or as N in 1000, compared to other formats
like the number-needed-to-treat or odds ratios. However, both recommended formats have drawbacks. The N in 1000 format
can encourage people to overemphasize risk by “imagining the numerator,” but the percentage format is more difficult to

use when conducting complex cal culations (eg, the probability of awoman having breast cancer given apositive mammogram).

Providing both absolute and comparative information helps people determine the amount of importance that they should
place on the risk and guides them in making informed decisions about their behavior. For example, telling a woman that
she has a 5% 5-year risk of developing breast cancer might not be meaningful unless she recognizes that this means that
sheis at above average risk. However, telling people only that they are at bel ow-average risk might reduce motivation to
engage in preventive behavior.

Helping people understand where their risk of cancer fallsin relation to other hazards such as heart disease, being struck
by lightening, and being in a car accident allows them to place the risk in context and thereby help them determine where
to invest their limited time, energy, and economic resources.

Framing the risk in negative terms only (eg, “Your risk of cancer is 5%") places focus only on the negative outcome and
might result in exaggerated risk perceptions. Adding positive framing (eg, “ Thismeans you have a95% chance of not getting
cancer) helps participants place the risk in context.

Specifying whether the risk estimate is applicable to the next 5 years, 10 years, or over the visitor's lifetime is essential to
help them place the risk in context and determine how much they should be concerned about the event. For example, a 7%
risk of breast cancer would be more worrisome if it was applicable to the next 5 years than over one's lifetime.

Informing people how to reduce their risk is an essential component of risk communication messages, particularly for indi-
viduals who have not learned risk reduction strategies previously. Providing risk information without such safety messages
may undermine risk communication efforts by encouraging people to control their fear (eg, by trying to ignore the risk)
rather than encouraging people to control the danger (eg, by engaging in appropriate health behaviors).

Using avisual display can increase comprehension of risk information. However, care must be taken to avoid biasing per-
ceptions of risk (eg, displaysthat focus attention on the number of people affected by adisease can exaggerate arisk compared
to displays that include information about the number of people affected and the number of people who are not affected).

Individualized risk estimates are based on statistical modeling of population-level data. Consequently, they always contain
alevel of uncertainty. Informing the audience of thisfact isessential to prevent them from attributing an unreasonabl e degree
of certainty to the estimate.

8These formats can be implemented with varying levels of success and might not be equally effective in all situations. Additional examples of each
format are located in Table 5.

This study describes the risk communication formats that
Internet-based cancer risk assessment tools use to convey
individualized risk information to the public. This study asks
two questions that, to our knowledge, have not been addressed
previously: (1) Do the tools use risk communication formats
that have been empirically shown to facilitate comprehension,
and (2) Doesthe use of these formatsvary by website affiliation?
Following Gurmankin Levy and colleagues [5], we aso
examined whether the websites provided the basic information
necessary to evaluate the quality of the risk estimate (ie, the
statistical model or peer-reviewed citations).

Methods

Overview

During October 2007 we conducted an Internet search to identify
websites that provided individualized cancer risk assessment.
The search was conducted by entering the search terms calculate
cancer risk, cancer risk calculator, estimate cancer risk, assess

http://www.jmir.org/2009/3/e33/

cancer risk, and cancer risk assessment into the Google, MSN,
and Yahoo! search engines. These search engines accounted
for 82.6% of al Internet searches that originated in the United
States in 2006 [34]. To locate the Internet-based cancer risk
assessment tools, atotal of 1500 websites were examined (ie,
thefirst 100 search results for each of the five search terms, for
each of the three search engines).

Out of the 1500 websites examined, we identified 51 websites
that gave specific cancer risk estimates. Forty-four of the
identified websites were unique interactive websites that
provided individualized cancer risk estimates. These websites
required visitors to enter information about their status on
several cancer risk factors. Seven of theidentified websiteswere
non-interactive; they stratified risk information by two or three
variables (eg, lung cancer risk by smoking status and gender).
These non-interactive websites were included because they
provided more specific risk information than genera population
data. Of these 51 websites, four were excluded because they
required information seekers to download a software program
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(n = 2), provide amailing address (n = 1), or provide payment evaluated (Table 2).
(n = 1) before obtaining results. A total of 47 websites were
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Table2. Websites hosting cancer risk assessment tools (WebCite® links are listed below the original URL)

1

Breast Link
http://www.breastlink.com/default.aspx
Archived by WebCite® at http://www.webcitation.org/5gBFIHdu9

CancerRisklnfo.com
http://www.cancerriskinfo.com/
Archived by WebCite® at http://www.webcitation.org/5g6prLoiq

Carefirst Blue Cross Blue Shield
http://carefirst.staywell sol utionsonline.com/Rel atedl tems/42,BreastCancerRisk
Archived by WebCite® at http://www.webcitation.org/5gBHb6xdn

Center for Cancer Quality Assurance and Professional Education
http://qap.sdsu.edu/screening/breastcancer/bda/flowcharts/risk_algol.html
Archival by WebCite® prohibited by website.

Claxton Hepburn Medical Center
http://www.chmed.org/breastca.htm
Archived by WebCite® at http://www.webcitation.org/5gBHInllZ

Cornell University
http://envirocancer.cornell.edu/factsheet/diet/fs49.BCRisk.cfm
Archived by WebCite® at http://www.webcitation.org/59BGdq722

Dermatology |maging Center
http://www.dermatol ogyi maging.com/skincancertest.html
Archived by WebCite® at http://www.webcitation.org/5gBGrY 1l

Divine
http://www.divine.ca/en/breast-cancer-corner/breast-cancer-risk-cal cul ator/c_244/
Archived by WebCite® at http://www.webcitation.org/5gBHOBQOw

Dr. HallsMD
http://lwww.halls.md/breast/risk.htm
Archived by WebCite® at http://www.webcitation.org/5g6orRIOY

10.

EBSCO Publishing

http://cal culators.epnet.com/?doci d=heal thcal cul ators/breastcancer/precal cdoc& token=b0c3eb60-99e5-4038-bc04-819f ded5c1d6& DeliveryCon-
text=healthlibrary& Collectionl | D=446& frame=& rooturl=

Archived by WebCite® at http://www.webcitation.org/5gBIDVLXM

11.

Estronaut.com
http://www.estronaut.com/a/breastI nteractive2.htm
Archived by WebCite® at http://www.webcitation.org/5g6pL GNIG

12.

Fairview Health Services
http://lwww.fairview.org/staywell/assess_|oad.aspx?ContentTypel d=42& Contentl d=OvarianCancerRisk
Archived by WebCite® at http://www.webcitation.org/SgBHTLDAO

13.

Fred Hutchinson Cancer Research Center
http://www.compass.fhcrc.org/edrnnci/bin/cal cul ator/main.asp?t=prostate& sub=disclaimer& v=prostate& m=_& x=Prostate%20Cancer

Clicking thislink now redirectsvisitorsto the University of Texas Science Center in San Antonio, Texas: http://deb.uthscsa.edu/URORiskCal ¢/
Pages/uroriskcalc.jsp Archived by WebCite® at http://www.webcitation.org/5gBGIOlyJ

14.

Hotflash! Menopause Matters
http://www.families-first.com/hotflash/news/mayoquiz6.htm
Archived by WebCite® at http://www.webcitation.org/5g6s0s TC

15.

Imaginis
http://imaginis.com/breasthealth/bc_risks2.asp
Archived by WebCite® at http://www.webcitation.org/5gBGVK6TI
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16. iVillage.com
http://cancer.health.ivillage.com/tool assessment_index.cfm
Archived by WebCite® at http://www.webcitation.org/5g6pJnqwO

17. Little Company of Mary Hospital and Health Care Centers
http://pursuingpai nfreecancer.com/breast_test.php
Archived by WebCite® at http://www.webcitation.org/5gBHVAIV P

18. McGill University
http://www.mcgill.ca/cancerepi/society/cal cul ate/
Archived by WebCite® at http://www.webcitation.org/5g6p4wfuN

19. MD Anderson Cancer Center
http://www?2.mdanderson.org/app/risk/
Archived by WebCite® at http://www.webcitation.org/5gBH8xzEu

20. Merck and Co.
https://www.merck.heal thinkonline.com/merck Tool A ssessM erck SourceBreastCancer.asp
Archived by WebCite® at http://www.webcitation.org/5gBFras8Q

21. Memoria Sloan Kettering Cancer Center
http://lwww.mskcc.org/mskec/html/12463.cfm
Archived by WebCite® at http://www.webcitation.org/5g60z4wBH

22.  Men'sHealth Forum
http://www.mal ehealth.co.uk/userpagel.cfm?item_id=117& pop=326
Archived by WebCite® at http://www.webcitation.org/596064w6Y

23. Mesoblog
http://www.mesobl og.org/risk-cal culator.php
Archived by WebCite® at http://www.webcitation.org/S5gBHQNRgC

24. Nationa Breast and Ovarian Cancer Centre
http://www.nbcc.org.au/risk/yourrisk.html
Archived by WebCite® at http://www.webcitation.org/5gBHLKXwC

25. National Surgical Adjuvant Breast and Bowel Project
http://www.breastcancerprevention.org/raf_source.asp
Archived by WebCite® at http://www.webcitation.org/5g6pOaimY

26. Northeast Health Systems
http://www.nhsheal th.org/index.cfm?A ction=Education.BreastCancerQuiz
Original link no longer valid. Non-interactive version of the site can be found at:
http://web.archive.org/web/20070826153816/http://www.nhsheal th.org/index.cfm?A ction=Education.BreastCancerQuiz

27. Norton Healthcare
http://norton.convergenceheal th.com/DesktopDefaul t.aspx abi d=820& id=653
Archival by WebCite® prohibited by website.

28. Ohio State University Medical Center
http://www.jamesline.com/pati entsandvisitors/prevention/cancergenetics/ ref=medical news
Archived by WebCite® at http://www.webcitation.org/5gBHhJ5LK

29. Penn State Hershey Cancer Institute
http://lwww.hmc.psu.edu/cancer/outreach_education/community/cancer_risk_assessments/cancer_risk_assessment.htm
Link no longer valid; WebCite® citation unavailable.

30. Prostate Cancer Research Foundation of Canada
http://www.prostatecancer.ca/english/prostate_owners_manual/risk_factors/risk/
Archived by WebCite® at http://www.webcitation.org/5g6rslb1L

31. Radon Sea
http://www.radonseal .com/radon-health-risks.htm
Archived by WebCite® at http://www.webcitation.org/5gBFg7alS
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32.

Rea Age
http://www.real age.com/health_guides/BreastCancer/introduction.asp
Archived by WebCite® at http://www.webcitation.org/5gBHjAM pu

33.

Shannon Health
http://shannon.convergenceheal th.com/DesktopDefault.aspx ?tabid=1390& id=644
Archival by WebCite® prohibited by website.

Siteman Cancer Center (not the Your Disease Risk website)
http://www.s teman.wustl.edu/crc.aspx?d=459
Archived by WebCite® at http://www.webcitation.org/5gBGnKmVx

35.

St. John’s Hospital
https://www.heal thawareservices.com/nahrs/index.htm?hospl D=19& moduleName=lungAware
Archived by WebCite® at http://www.webcitation.org/5gBHql AQU

36.

Susan Love
http://www.susanl ovemd.com/breastcancer/content.asp?L 2=2& L 3=2& SID=140
Archived by WebCite® at http://www.webcitation.org/5gBGcOyJy

37.

Urology Channel
http://www.urol ogychannel.com/HealthProfiler/healthpro_psaageRace.shtml
Archived by WebCite® at http://www.webcitation.org/5g6rqRUJo

38.

US Environmental Protection Agency
http://www.epa.gov/radon/risk_assessment.html
Archived by WebCite® at http://www.webcitation.org/5g6s2DY ZK

39.

US National Cancer Institute (Breast Cancer)
http://www.cancer.gov/bcrisktool/
Archived by WebCite® at http://www.webcitation.org/5g6ouFL 9F

US National Cancer Institute (Melanoma)
http://www.cancer.gov/melanomarisktool/
Archived by WebCite® at http://www.webcitation.org/5g6owal 5Sh

41.

US National Cancer Institute (Thyroid Cancer)
http://ntsi 131.nci.nih.gov/
Archived by WebCite® at http://www.webcitation.org/5g6p2gkgé

42.

US National Cancer Ingtitute and the Centers for Disease Control
http://lwww.smokefree.gov/smokersrisk/index.asp
Archived by WebCite® at http://www.webcitation.org/5g6pl 9SIGAQ

Vizilite

http://lwww.vizilite.com/patient_site/risk_assessment/

Original link no longer valid. Non-interactive version of the site can be found at:
http://web.archive.org/web/20080105051853/http://www.vizilite.com/patient_site/risk_assessment/

Women's Cancer Network

http://www.wen.org/interior.cfm?diseaseid=13& featureid=3

Original link no longer valid. Non-interactive version of the site can be found at:
http://web.archive.org/web/20071228025221/http://www.wcn.org/interior.cfmdi seaseid=13& featureid=3

World Information Service on Energy
http://www.wise-uranium.org/rdcum.html
Archived by WebCite® at http://www.webcitation.org/5g692Y 2Gf

46.

Wyoming Valley Healthcare System
http://www.wvhc.staywel | sol utionsonline.com/I nteractiveTool §/RiskAssessments/42,BreastCancerRisk
Archived by WebCite® at http://www.webcitation.org/5g6s7Apa

47.

Your Disease Risk
http://www.yourdi seaserisk.org/
Archived by WebCite® at http://www.webcitation.org/5epfwmhdn
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Standardized coding criteriawere devel oped (Table 3) and each
website was coded independently by two of the authors (EW
and HS). Thefirst 15 websiteswere used to calibrate the coding
procedure, and inconsistencies in the remaining 32 websites
were resolved through discussion. Inter-rater reliability was

Waters et al

high (k = 86.4). If information about the statistical model used
to calculate the risk could not be found on the website, EW
attempted to obtain it by contacting the website’'s developer.
Two attempts to reach the developers were made over a
four-week period.

Table3. Website coding criteria

Coding Category Example
General website characteristics
Organ site Breast

Type of affiliation

Accessibility to lay audiences
Intended audience
Contains undefined terminology
Non-English version

Risk communication strategies

Words

Numbers

Format of numeric information

Absolute risk

Comparative risk (other people)

Comparative risk (other hazards)

Positive framing

Duration of risk

Safety message/Risk reduction strategy
Visual display

Acknowledges uncertainty

Quality evaluation elements
Information about the statistical model
Peer-reviewed citation

Educational ingtitution

Lay people
Biopsy
Spanish

“Your risk islow.”

“Your risk is 2%.”

Percent, frequency (n in 1000), frequency (1 in N)
“Your risk islow.” OR “Your risk is 2%.”

“Your risk is higher than average.”

“Your risk of getting cancer is 12%. Therisk of being injured in a car accident is
10%.”

“Your risk is 2 in 100. Your chances of not getting cancer are 98 in 100.”
“Your 5-year risk is..”

“Stop smoking.”

Bar graph, Line graph, Table

“Just because you're at high risk doesn’t mean you'll definitely get cancer.” OR
“This estimate is based on information obtained from the popul ation and your actual
risk might be different.”

“This website uses the Gail Model”

“Harvard Report on Cancer Prevention, Volume IV: Harvard Cancer Risk Index,

Cancer Causes and Control, Volume 11:477-488, 2000."

Analyses

General website characteristics, risk communication formats,
and the presence of information about the quality of the risk
estimate were examined by calculating simple frequencies on
all coding categories. The number and percentage of websites
that used formats that had the most empirical support for
facilitating comprehension and reducing biaswas recorded (see
Table 1 for alist of formats). Affiliation-based differences in
the use of formats were examined using crosstabulations. Formal
statistical analysis and significance testing was not possible due
to small cell sizes.

http://www.jmir.org/2009/3/e33/
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Results

General Website Characteristics

The general characteristics of the websites are described in
Table 4. There are two areas of particular interest. First, the
three most common organ sites for which websites provided
assessments (breast, lung, and colorectal cancer) coincide with
thethreeleading causes of cancer mortality inthe United States
[35]. The second item of interest is the widespread use of
technical language. Although laypeople were the intended
audience for nearly all of the sites, an overwhelming majority
did not define medical and technical terms such as “biopsy,”
“DCIS,” “mastectomy,” or “radon progeny” (Table 4).

JMed Internet Res 2009 | vol. 11 | iss. 3 [e33 | p.160
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table4. Genera website characteristics (N = 47)

Waters et al

Website Characteristic Example n %
Organ site*?
Bladder 4 85
Breast 27 575
Cancer (general) 5 10.6
Cervical 8 17.0
Colorectal 10 21.3
Gastrointestinal 5 10.6
Kidney 5 10.6
Lung 12 255
Ovarian 9 19.2
Pancreatic 3 6.4
Prostate 9 19.2
Skin/Melanoma 6 12.8
Other Thyroid 8 17.0
Website affiliation
Government National Cancer Institute 6 12.8
Educational institution® McGill University 3 6.4
Cancer center® Memorial Sloan-Kettering 8 17.0
Health care industry CareFirst Blue Cross Blue Shield 12 255
Advocacy/non-profit Women's Cancer Network 6 12.8
Health portald Real Age.com; Imaginis.com 5 10.6
Commercial industry RadonSeal 3 6.4
Other/unspecified Dr. Halls; EBSCO publishing 4 8.5
Accessibility to lay audiences’
Intended audience: Lay people 42 89.4
Contains undefined terminology Biopsy 39 83.0
Non-English version Spanish 3 6.4

ANebsites varied in the number of organ sites for which they provided risk assessments. Most provided assessments for only one cancer site, but others
provided assessments for more than one organ site (between 1 and 14 additional organ sites, depending on the website).

PThetotal N in organ site, quality evaluation elements, and accessibility to lay audiences categories does not sum to 47 because the individual elements

within each category were not mutually exclusive.

CCancer centers are often located within educational institutions, but the objectives and methods of these two types of institutions might differ. For this
reason, assessment tools that were devel oped by cancer centers that were affiliated with educational institutions were coded as cancer centers.

dHedlth portals are websites that contain information about a variety of medical conditions and/or health issues. WebMD.com [36] is an example of a
health portal, although it did not host a cancer risk assessment tool at the time of the study.

Formats for Communicating I ndividualized Cancer
Risk Estimates

In general, few websites used risk communication formats that
facilitate comprehension of probabilistic information (Table5).
Few websites provided therisk estimate as numbers and words,
or described how theinformation seeker’s cancer risk compared
to the risk of experiencing other hazards. Only three websites
framed the risk positively (eg, “998 chances in 1000 that you
will not develop cancer”), and dlightly less than half informed

http://www.jmir.org/2009/3/e33/

participants of the duration of therisk estimate (eg, 5-year risk).
Approximately one-third of the websites provided a visual
display. However, some risk communication formats were used
widely. Seventeen of the 21 websitesthat provided any numeric
information did so using the percentage format, six used the“N
in 1000” format, and three used both. Twenty-four websites
compared theinformation seeker’s cancer risk to other people’s
risk, and fourteen of these also provided the absolute risk. An
overwhelming majority of the websites provided information
seekerswith safety messageslike " stop smoking.” Slightly more
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than half of the websites made at least one statement uncertainty.
acknowledging that the estimate contained some degree of

Table 5. Risk communication formats used by Internet-based cancer risk assessment tools to communicate individualized risk estimates (N = 47)

Risk Communication Format Example n %

Wordsor numbers

Words only Your risk islow. 24 51.1
Numbers only Your risk is 2%. 16 34.0
Both @ Your riskis 2%. Thisisa low risk. 5 10.6
Neither You may only need to continue screening. 2 4.3

Type of numeric information® ©

Percent Your risk is 2%. 17 81.0
Frequency (n in 1000) Your riskis 20 in 1000. 6 28.6
Frequency (1in N) Your risk is 10in 500. 4 19.1
Relativerisk ratio Your risk is 2 times higher than average. 2 9.5
Odds Your odds of getting cancer are 2:98. 1 4.8

Risk estimate as absolute or compar ative information

Absolute risk only Your risk islow.” OR “Your risk is 2%. 21 4.7
Comparative risk only Your risk is higher than average. 10 21.3
Absolute and comparative risk Your risk is 2%. Thisis below average. OR Your riskis 2%. The averageriskis3%. 14 29.8
Neither absolute nor comparative risk You may only need to continue screening. 2 43

Types of compar ative risk information
Compared to other people only (not hazards)  Your risk is higher than average. 21 4.7

Compared to other people and hazards Your risk of getting cancer is 12%, which is higher than average. Therisk of being 3 6.4
injured in a car accident is 10%.

No comparison information 23 48.9

Contextual information®

Positive framing Your riskis 2 in 100. This means your chances of not getting cancer are 98in 100. 3 6.4

Duration of risk Your 5-year riskis... 23 48.9
Safety messages

At least one Sop smoking 39 83.0

None 8 17.0
Visual display

At least one Bar graph, line graph, table 18 38.3

None 29 61.7
Acknowledgment of uncertainty: Estimate is.

only an estimate Your actual risk might be different. 14 29.8

probabilistic High risk doesn’t mean you'll get cancer. 15 31.9

based on population This estimate is based on data from large clinical trials. 8 17.0

Any acknowledgment 25 53.2

8 n general, the formats printed in italics are associated with increased comprehension and reduced hias of risk information. For comprehensive reviews
see[21,22,24-27).

PThe individual elements within the categories type of numeric information, additional information, and acknowledgment of uncertainty were not
mutually exclusive.

This category is restricted to the 21 websites that provided numeric risk information.
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The use of risk communication formats that facilitate
comprehension and reduce bias varied by website affiliation
(Table 6). For example, websites affiliated with the health care
industry weretheleast likely to communicaterisk as percentages
or asfrequencies (1 of 12 websites) and to provide both absolute
and comparative risk information (1 of 12 websites). Websites
affiliated with cancer centers were the least likely to provide
information about the duration of the risk estimate (1 of 8

Waters et al

websites) and to make at least one statement acknowledging
that the estimate contained uncertainty (1 of 8 websites). Health
portals were the least likely to provide a safety message or risk
reduction strategies (2 of 5 websites). As mentioned in the
Analyses section, formal statistical analyses and significance
testing could not be performed due to small cell sizes (ie, out
of 72 possible cells, only eight contained five or more websites
and fifteen included no websites; see Table 6).

Table6. Website affiliation-based variations in the use of risk communication formats that facilitate comprehension and reduce bias (N = 47)

Supported Affiliation
Format
Educational Hedth Care  Advocacy/
Government  Institution Cancer Center  Industry Non-profit  HedthPortdh Commercial  Other
(N=6) (N=3) (N=9) (N=12) (N=6) (N=5) (N=3) (N=4)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Risk estimate asnumbers 1 0 0 1 0 1 0 2
and words? (16.7) (0.0) (0.0) (8.3) (0.0) (20.0) (0.0) (50.0)
Risk estimate aspercentor 5 2 2 1 2 4 1 3
N in 1000° (83.3) (66.7) (25.0) 8.3 (33.3) (80.0) (33.3) (75.5)
Absolute and comparative 5 2 1 1 1 2 1 1
risk information (83.3) (66.7) (12.5) (8.3) (16.7) (40.0) (33.3) (25.0)
Risk compared to other 0 1 0 0 0 1 1 0
hazards (0.0) (33.3) (0.0) (0.0) (0.0) (20.0) (33.3) (0.0)
Positive framing 2 0 0 0 0 1 0 0
(33.3) (0.0) (0.0) (0.0) (0.0) (20.0) (0.0) (0.0)
Duration of risk 6 2 1 4 2 4 1 3
(1200.0) (66.7) (12.5) (33.3) (33.3) (80.0) (33.3) (75.0)
Safety messages 5 2 7 12 4 2 3 4
(83.3) (66.7) (87.5) (100.0) (66.7) (40.0) (100.0) (100.0)
Visual display 3 2 2 3 2 3 2 1
(50.0) (66.7) (25.0) (25.0) (33.3) (60.0) (66.7) (25.0)
Any acknowledgment of 6 2 2 6 2 3 1 3
uncertainty (100.0) (66.7) (25.0) (50.0) (33.3) (60.0) (33.3) (75.0)

3Percentages are the percent of websites within a given affiliation that contain a particular element (eg, 1 of 6 websites affiliated with government

agencies provided risk estimates as numbers and words).

b1 ncludes websites that provided risk as numbers only and as numbers and words.

Information Necessary to Evaluate Website Quality

The number of websites that provided information to help
visitors evaluate the quality of the risk estimate was limited.
Only 25 of the 47 (53.2%) websites provided either information
about the statistical model used to calculate the risk or
peer-reviewed citations, where such information could be found.
Only 13 websites (27.7%) provided both a description of the
model and peer-reviewed citations. One of the authors (EW)
attempted to contact all 22 of the websites that did not provide
any information about the model. Of the 15 websites that
provided a valid email address or phone number, only 8
responded to either the first or second inquiry, and only 2 were
able to provide the information.

http://www.jmir.org/2009/3/e33/

Discussion

Internet-based cancer risk assessment tools can provide cancer
risk and prevention information to millions of peopleworldwide.
Effective risk communication hasthe potential to reduce cancer
morbidity and mortality by motivating people to engage in
healthy behaviors. However, poorly communicated risk
information could mislead people or frighten them unduly,
resulting in maladaptive health behaviors [37], such as over- or
under-utilization of health care services.

In October 2007, 47 Internet-based cancer risk assessment tools
provided individualized cancer risk information to the public.
Almost half (20 out of 47) of these websites were developed
by cancer centers (n = 8) and the health care industry (n = 12).
The three most common organ sites for which assessment tools
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were available (breast, lung, colorectal) corresponded to the
most common causes of cancer mortality among men and
women in the United States [35]. This suggests that the
assessment tools are responding to a public health need.
However, three factors suggest that some of these websites
might not be as useful to the public asthey seem at first glance.
First, many of thewebsitesdid not identify the statistical model
used to calculate the risk estimate. Thus, visitors to these sites
would have no way to verify that the risk assessment model had
been scientifically vetted. The second factor that raises questions
about the utility of some of these tools is the extensive use of
undefined scientific terminology. Terms like “biopsy” and
“radon progeny” may be confusing for individualswith limited
literacy, thereby limiting their usefulness.

Thethird factor that raises concerns about these toolsisthe fact
that they varied widely in their use of risk communication
formats that facilitate comprehension of probabilistic
information. For some risk communication formats, most
websitesfollowed experts’ recommendations (eg, 39 of 47 sites
provided safety messages). For other formats, few websites
followed recommendations (eg, 3 of 47 sites used positive and
negative framing). It isunclear whether it isnecessary to include
all of the risk communication formats identified in Table 1 in
a single communication effort. Indeed, it is possible that doing
so would overwhelm people with too much information and
bias their risk perceptions [38]. However, risk perceptions can
also be biased if people receive too little information. For
example, seven websites provided information seekers with a
simple count of risk factorsor a“risk score.” One such website
then informed people, “You should do something to reduce
your risk,” but it did not provide specific safety messages, such
as “stop smoking.” Telling people to “do something” without
providing specific recommendations does not facilitate
comprehension [33] and might be counterproductive [32,37].

Two websites underscore the potential pitfallsof communicating
risk using only numbers or only words. One of these websites
provided two numerical risk estimates: one represented the risk
if the information seeker continued the health-damaging
behavior, and the other represented the risk if the individual
stopped the behavior. However, the absolute risk was low in
both cases (2% if the behavior continued and 1% if the behavior
stopped), which might discourage people from changing their
behavior [24,33,39]. The second website provided risk
information as words only. It described cancer risk as
“moderate,” “increased,” “high,” and “highest.” There was no
“low risk” category. Thus, an 18-year-old with no risk factors
for the type of cancer addressed on this website would be
informed that he has a “moderate” risk of cancer. The
combination of using only words to describe a risk and using
theword “moderate” to describe thelowest-risk category might
exaggerate risk perceptions among people at lowest risk [40].

It is also important to note that online risk assessment tools
often have different objectives. For example, some risk
assessment tools are designed to educate people about healthy
lifestyles, whereas others are designed to persuade people to
use their services, purchase their products, or engage in a
particular health behavior. Whileit may be acceptable to attempt
to persuade people to purchase necessary goods or services, or

http://www.jmir.org/2009/3/e33/
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to engage in appropriate health behaviors, it is incumbent on
developers of cancer risk assessment toolsto consider the point
at which persuasion may infringe upon an individual’s ability
to make an informed decision. It is beyond the scope of this
study to assess the underlying motivations of the various risk
assessment tool devel opers, but website devel opers, clinicians,
researchers, and public health officials should consider the
ethical implications of the tools they design.

Despite these concerns, cancer risk assessment tools have the
potential to play an important role in cancer prevention and
control. However, in order to be acceptable and effective, they
should use language that is appropriate for low-literacy
populations, communicate risk estimates using formats that
increase comprehension and reduce biased interpretations of
risk, and provide information about the model used to calculate
the estimate.

As mentioned previously, the communication formats chosen
will depend upon the goals of the communication. For example,
if a developer's goal is to educate women about how the risk
of breast cancer increases with age, the ideal website might use
aline graph to portray how her risk changes over time [27]. It
might describe in words how the risk changes and add the
probability estimates at 5-year intervals. It might also include
linesthat depict the " average woman's’ risk over the sametime
period and the risk of heart disease over the same time period.
The website would include accurate information about how
often women should undergo mammaography screening, how
to obtain amammogram, and how to maintain ahealthy weight.
A statement would inform visitorsthat therisk estimate contains
some uncertainty, and it would identify the statistical model
that was used to generate the risk estimate. Finally, before the
website is released to the public, it would be tested for
readability and comprehensibility among people with low
literacy and to ensure that it elicited relatively unbiased risk
perceptions. If it was found to be confusing, the website
developer might consider removing some of the information,
such as how the woman'’srisk of breast cancer compared to her
risk of heart disease. It might also test whether providing users
with control over the amount of information displayed—such
as being able to add or remove the 5-year probability
estimates—results in better outcomes.

Strengths, Limitations, and Future Directions

This content analysis fills a gap in existing research on
Internet-based cancer risk assessment tools. This is the first
study to describe how these tools communicate individualized
risk estimates to the public and to examine the relationship
between risk communication format and developer affiliation.
Furthermore, this study replicated the finding that information
needed to evaluate the quality of the risk estimate is often
missing from these tools [5].

Our extensive search methodol ogy increasesthe likelihood that
most of the Internet-based cancer risk assessment tools that
were available in mid-October 2007 were included in this
analysis. However, since then, some tools might have added or
removed features, additional websites might have been activated,
and existing websites might have been deactivated. The small
number of websites precluded formal statistical analysis of
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affiliation-based differences in communication formats.
Furthermore, we only evaluated the presence or absence of
specific risk formats. We did not evaluate whether the websites
implemented the risk communication formats appropriately. To
the best of our knowledge, empirical research has not identified
the relative importance of each of the communication formats
examined in this study. Consequently, we did not evaluate the
overal quality of each website, nor can we say that using a
greater number of risk communication formats resultsin better
comprehension than using alower number of formats.

Future research should examine the demographic and cancer
risk profiles of people who use Internet-based cancer risk
assessment tools to identify how these tools influence
cancer-related cognitions, emotions, and behaviors. This will
be increasingly important as we enter the second generation of
thelnternet [41]. Web 2.0 iseroding the conventional boundaries
between information providers and information seekers. The
move from static personal websites to blogs, from online
encyclopedias to Wikipedia, and from one-player video games
to complex interactive virtual worlds exemplifies this
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transformation. The Centers for Disease Control and the
American Cancer Society already have virtual outposts in the
online world Second Life [42]. The interactive capabilities of
Web 2.0 to help people understand cancer risk and cancer risk
reduction strategies may be an important means to promote a
healthy lifestyle.

Implications

Internet-based cancer risk assessment tools have the potential
to reach a wide audience and motivate people to engage in
cancer preventive behaviors. However, because the tools do not
always communicaterisk in waysthat facilitate comprehension,
patients may misperceive or be confused about their cancer risk.
Thisconfusion may result in unintended negative consequences,
such as failing to seek appropriate medical care. Researchers,
organizationsand clinicianswho wish to provide risk assessment
services to the public or their patients should refer to several
excellent reviews [20,22,25] for specific recommendations on
communicating risk in waysthat facilitate comprehension, rather
than foment confusion.
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Abstract

Background: Internet sites typically contain visual design elements that are unrelated to the quality of the health information
presented but that could influence credibility judgments and responses to health advice. To assess the effects of such design
elements, or credibility cues, experimentally, we exposed women with different level s of weekly acohol consumption to awebsite
containing high quality but unpalatable information about a related health risk (breast cancer). The information was presented
alongside either positive or negative credibility cues unrelated to information content.

Objectives:. We explored four research questions: (1) Did the cues influence how the women engaged with the site? (2) Did
they influence how the women responded cognitively and emotionally? (3) Did they influence whether the women subsequently
acted on the advice? (4) Did the impact of the cues vary with how much alcohol the women reported drinking?

Method: A total of 85women wererandomly assigned to view one of two versions of awebsite containing the same high-quality
content but different cues. One version had positive credibility cues (trustmarks), the other had negative ones (adverts,
pharmaceutical sponsorship, and adonation button). Objective measuresincluded visual attention (using eye-tracking equipment),
time studying the material, and recall. Subjective measures included cognitive and affective responses and intention to change.
Measures of subseguent behavior were taken 1 week later.

Results. First, the cues did not affect how long the women spent on the site or how long they spent reading the text. However,
women in the negative cues condition spent more time looking at a donation button than those in the positive cues condition spent
looking at a TRUSTe seal (8 = —.43, P < .001) but less time looking at alogo (B = .43, P < .001) or at certain other features of
the site. Those in the negative cues condition also recalled more site content (B = —.22, P = .048). Second, there were no effects
of the cues on any of the measures of cognition, affect, vulnerability, or intentions. However, third, at follow-up, the positive
cues had promoted greater alcohol reduction than the negative cues among those women who had previously reported drinking
more heavily (B = —.22, P = .02). So, fourth, the responses to the cues did vary with how much alcohol the women typically
drank.

Conclusions; Content-irrelevant images and logos can influence the behavioral response to quality health-risk information.
These effects may be subtle, changing with time.

(J Med Internet Res 2009;11(3):e37) doi:10.2196/jmir.1097
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Introduction

The Internet has become an important source of health
information and advice, with between 40% and 80% of those
with Internet access in the United States and Europe using it
for health care purposes [1,2]. However, the quality of the
availableinformationishighly variable. For example, in a2002
meta-analysis, Eysenbach and colleagues noted that 70% of
website reviews expressed concern about the quality of the
health-related information provided on the Internet [3]. In the
face of such variable quality, how do health consumers decide
whether or not to trust the information and advice they find
online?

Briggs and colleagues addressed thisissue in a series of studies
of trust in eHealth that led to the devel opment of astaged model
of trust and a set of guidelines [4-6]. They found that users
rapidly rejected health sites on the basis of superficial cues
capable of influencing consumer trust. These included
advertising, complex layout, inconsistent design, or the presence
or absence of reputable brand markers.

Sillence et a [5,6] noted that agreat deal of high-quality health
information was lost to the consumer through this process and
that drug company sites in particular—often highly rated by
health experts in terms of health content [ 7]—were frequently
rejected because of the presence of commercial cues.

Health consumers, then, do not always choose the best-quality
health sites or follow the best advice. Indeed, they can show a
marked reluctanceto trust advice they perceiveto beinconsi stent
with their important prior beliefs, even displaying a“ defensive”
response to such information [8-11] that can take the form of
close critical scrutiny and subsequent rejection of good-quality
information [12,13]. As aresult, those most at risk can be the
most averseto change and may be the most difficult to persuade.
Clearly, given this propensity to respond defensively, it is
counter-productive to present consumers with cues that might
inadvertently trigger anegative response to good health advice.

Thisis particularly problematic in the eHealth context, where
consumers can often find conflicting advice and are able to
navigate to websites that tell them what they would prefer to
hear. In one study, for example, a population struggling to
modify their drinking behavior sought pro-drinking rather than
anti-drinking material when |eft free to choose viathe Internet
[14]. In our own study, we are interested in the fact that Internet
material often containsvisual design elements, or cues, that are
unrelated to the quality of the health information presented but
that could be used to influence credibility judgments about the
site and that may also subsequently influence acceptance and
adherenceto health advice. What happensto an individual who
spends time reading important high-quality health advice on a
website that coincidentally displays negative credibility cues
(such as a drug company site containing high-quality health
information alongside advertising)? Can these content-irrel evant
cues affect acceptance or rejection of important health advice?

We present an experimental study in which women with
different levels of weekly alcohol consumption were exposed
to high-quality, uncongenial, Internet-based information

http://www.jmir.org/2009/3/e37/
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concerning arelated health risk (breast cancer). Thisunpalatable
information was presented alongside positive or negative trust
cues unrelated to the information content. We explored four
research questions. First, do the cues influence direct
engagement with the material on the site? We examined how
long the women spent on the site, their pattern of eye movements
when examining the site's pages, and their ability to recall site
content. Second, do the cues influence how they respond
cognitively and affectively to the site? We examined their
subsequent message acceptance, emotional and risk perceptions,
and their intentions to adopt the recommended behavior. Third,
do the cuesinfluence the extent to which they subsequently act
on the advice given? We examined reports of behavior at
follow-up 1 week after exposure to the site. Finally, does the
impact of the cues vary with how much acohol the women
typically drink?We tested whether baseline a cohol consumption
moderated the effects of condition on any of the above outcome
measures. That is, we tested whether any cue effects were most
pronounced among those who drank most (i.e., those who might
display the biggest defense motivation) [10,15].

To test these research questions we developed a two-page
website containing information about the link between alcohol
consumption and the risk of breast cancer. All material was
based on a recent definitive study showing such alink [16]. At
the time of testing this was (and in the UK largely remains) a
relatively unknown association, so for most women the
information on the site was novel. The text contained strong
arguments that were not easily denigrated and wasidentical in
both content and layout in both experimental conditions.
Participants—women aged 18 to 46 who varied in their level
of acohol consumption—were randomly exposed to this
information on a website containing either positive credibility
cues (i.e., cues that had been positively associated with
credibility in previousresearch [6]) or negative credibility cues
(also based on previous findings [17]). The cues were selected
to be unrelated to the content of the site. In summary, the aim
of this study was to assess whether design-based credibility
cues promote acceptance or rejection of important health advice.

Methods

Participants

The sample consisted of 85 women, all regular Internet users
and mainly students of psychology (mean age = 22.9 years, SD
= 6.5 years). Of these, over aquarter (n = 22) reported drinking
morethan the UK Government’srecommended limit of 14 units
of alcohol per week. (In the UK, aunit of alcohol is 8 g, which
is approximately half a pint of beer, a standard measure of
spirits, or aglass of wine.) All participants were paid £5.

Design

The study had a between-participants experimental design, with
one independent variable: participants were randomly assigned
to the positive (n = 42) or negative (n = 43) cues conditions.
The experiment had a prospective component, with afollow-up
after 1 week.
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Materials and M easures

Pre-Manipulation Measures

Along with baseline alcohol consumption, we also measured
age, seX, Internet use, attitudestoward acohol [15], dispositional
optimism [18], self-esteem [19], and breast cancer risk [20,21]
(Table 1). Baseline alcohol was measured using the procedures
employed by Harris and Napper [15], adapted from Dawson
and Room [22]. Participantswere asked how much al cohol they
had consumed in the last 7 days, how much they consumed in
atypical week, and how much they had consumed in the last
24 hours. Responses were given in terms of pints of
beer/lager/cider, shots, glasses of wine, and bottles (e.g., of
beer), withillustrative examples of al types, and later trand ated
into units of acohol by the experimenter. Del Boca and Noll
[23] have shown that self-reported alcohol consumption is at
least as accurate as biomarker data for measuring drinking
patterns in adult general populations. Reports of alcohol
consumption in the past week and in a typica week were
strongly correlated (Pearson r = .70, P < .001) and were
combined into amean scorefor analyses. Alcohol consumption
varied from 0 to 42.5 units (mean = 10.48, SD = 9.41).

Health Message

The health message was on two Web pages and contained
information about the link between alcohol consumption and
therisk of breast cancer. Thetext of the Web pageswas closely
based on that used by Harris and Napper [15]. Theinformation
was taken from a press rel ease from Cancer Research UK [24]
and a newspaper article [25]. All statements it contained were
true.

Cues

Two different designs of the Web pages were created (see
Multimedia Appendix 1 and 2). Both designs contained exactly
the same health message but varied in terms of the presence of
adverts, sponsors, and donation requests. The negative condition
contained adverts, pharmaceutical sponsorship, and adonation
button, whereas the positive condition contained a TRUSTe
seal and aHealth On the Net foundation (HON code) certificate.
Websites can apply to be accredited by these two organizations
if their site meetsanumber of trust indicators, including privacy,
transparency, author qualifications, attribution, and justifiability.
These cues were chosen from the list of credible and
non-credible cues elicited in earlier phases of the research
program [5,6] and were selected for their lack of direct relation
to content. The size and location of these different design
features were constant across both conditions.

Eye-Tracking Measures

The SensoMotoric Instruments iViewX Eye Tracking System
(SensoMotoric Instruments GmbH (SMI), Teltow/Berlin,
Germany) was used to record the eye movements of participants
asthey were viewing the Web pages on adesktop PC (1.2 GHz
Pentium 4 with 256 Mb memory and a 17 inch LCD monitor).
In accordance with the eye-tracking analysis software, the
different design features of interest on each Web page were
defined as object areas; 15 such objects were identified (Table
2). For example, object 1 was defined as the donation button in
the negative condition and the TRUSTe seal in the positive
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condition. Some of these objects (e.g., page last updated) were
common to both conditions. For each condition, the percentage
of time spent looking at each object areawas calculated (Table
2).

Post-Manipulation Questionnaire

After viewing the message, participants completed the
post-manipulation questionnaire. This opened with the
mani pulation check items, comprising a measure of mood [15]
followed by the trust scale developed in an earlier phase of the
research program [17]. The trust scale has four factors:

1. information access: eight items(e.g., “ The sitetold me most
of what | needed to know™)

2. personaization: eight items (e.g., “It felt like the advice
was tailored to me personaly”)

3. credibility through impartiality: four items (e.g., “The
advice appeared to be impartial and independent”)

4. credibility through design: four items (e.g., “ The site had
aprofessional design”)

Responses were given on a 5-point scale from “strongly
disagree” to “strongly agree.”

The subjective measures comprised the following:

1. cognitive responses indicating acceptance of the message:
threeitems (e.g., “| believe that drinking alcohol increases
the chances of women developing breast cancer) rated on
a7-point scalefrom “strongly disagree” to “ strongly agree’

2. negative affective responsesto the message: six items(e.g.,
“The material on the website made me feel...”) rated on a
7-point scale from “not at all anxious’ to “extremely
anxious’

3. perceived vulnerability: three items (e.g., “How likely do
you think you will beto get breast cancer asaresult of your
current level of alcohol consumption) rated on a 10-point
scale from “impossible’ to “extremely likely”

4. intentionsto cut down on acohol: twoitems(e.g., “I intend
to reduce my alcohol consumption in the next 7 days by at
least 2 units’) rated on a 7-point scale from “definitely do
not intend to” to “definitely intend to”

Items were taken from previous studies (e.g., [15,26]). All had
satisfactory reliabilities (Cronbach aphafrom .72 to .98).

The questionnaire closed with atest of recall of message content
(three items; e.g., “According to the report how many deaths
would be avoided annually in Britain if women stopped
drinking?’). Each correct answer scored 1.

Follow-Up

After 1 week, participants received a brief follow-up
guestionnaire by email, measuring reported alcohol consumption
over the previous 7 days and containing the measures of
intentions, vulnerability, cognitive response (one item), and
affective response (three items) from the post-manipulation
guestionnaire (Cronbach alpha from .70 to .97). The
guestionnaire was designed to be brief in order to maximize
response rate.
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Procedure

Participants were tested individually. Upon arriving at the
laboratory, they were told that the study involved an evaluation
of hedlth information on the Internet. After completing the
pre-measures, they were asked to sit comfortably in front of the
eye-tracking monitor whilethe researcher calibrated the system.
Each participant was told that she was about to see a website
consisting of two pages. They were instructed to imagine that
they had found the website by following a link from a search
engine and to look at and visually examine the website as they
would any site they had found in this way. They were told that
they could spend as little or as much time as they wanted on
the website. This phase of the study ended when the participant
clicked on alink at the bottom of the second Web page. They
then completed the post-manipulation measures. Participants
were sent the follow-up measures by email approximately 7
days later.

Statistical Analysis

One-way analysis of variance (ANOVA) with randomized
condition as the between-participants independent variable or
two-step hierarchical regression analyses were used to test for
differences in pre-manipulation measures or other variables

Table1. Mean pre-manipulation measures by condition group?

Harriset al

between the groups. An alpha level of P = .05 was set for all
analyses.

Results

Randomization and M anipulation Checks

One-way analysis of variance (ANOVA) with randomized
condition as the between-participants independent variable
revealed no significant differences between the groups (Table
1; maximum Fy 5 = 1.52 [Halls breast cancer risk index], P =

22, eta® = .03). Thus randomization appears to have been
successful.

Consistent with the intended manipulation, participantsin the
positive cues condition trusted the site more on the two
credibility trust factors, seeing the site as being higher in
credibility throughimpartiality (F; g, = 4.74, P = .03, et = .06)
and design (Fy g, = 4.92, P = .03, eta’ = .06; see Table 3). Thus,
the manipul ation appears to have been successful. Participants

did not differ significantly on the access or personalization trust
factors or on mood (maximum F, ;o = 3.31 [positive mood], P

= .08, eta’ = .04).

Negative Cues (n= 43)
Mean score (SD)

Positive Cues (n= 42)
Mean score (SD)

Baseline alcohol (units)b

Attitudes toward alcohol©

Self-esteem

Dispositional optimism

Breast cancer risk (Harvard risk calculator)
Breast cancer risk (Hallsrisk calculator)

10.03 (9.10) 10.95 (9.80)
4.23(0.95) 4.25(0.92)
19.33 (3.73) 20.05 (3.87)
14.21 (4.60) 14.56 (4.74)
2.56 (0.85) 2.63(0.80)
16.72 (3.36) 18.02 (4.72)

8Higher scores indicate more alcohol consumption, favorable attitudes, and greater self-esteem, optimism, and risk.

BAlcohol measured in UK units (oneunitis 8 g).
CAttitudes were measured on a 7-point bipolar scale.

Objective M easures

Unless stated otherwise, the remaining datawere analyzed using
two-step hierarchical regression analyses. This allowed us to
analyze the effects of baseline acohol consumption as a
continuous variable and to assess the effects of the predictors
in combination as well as individually. Where an individual
predictor was significant, we report it () below; otherwise, in
the interests of space, we report only the statistics for the
predictors in combination, both in terms of significance and

effect size (R?). At step one, we assessed the main effects of
condition (negative cues = 0O; positive cues = 1) and baseline
alcohol consumption; at step 2, we added the condition x
consumption interaction. In  accordance with the
recommendations of Aiken and West [27], the independent
variables were mean centered.

http://www.jmir.org/2009/3/e37/

There were no significant overall effects of the predictors on
the amount of time participants spent on the site (F3 g4 < 1, R?

=.02) or on how long they looked at the text (F;,3 = 1.08, R
= .04). None of the individual predictors (condition, alcohol
consumption, or the interaction) approached significance for
these dependent variables. However, there were significant main
effects of condition on patterns of eye movement to certain
features of the site (see Table 2). Women in the negative cues
condition spent more time looking at the donation button than
thosein the positive cues condition spent looking at the TRUSTe
seal (B = -.43, P <.001). In contrast, they spent less time
looking at the logo (B = .43, P <.001), menu 1 (B =.38, P <
.001), and when the site was last updated (B = .27, P = .02).
There was a significant main effect of condition on recall (see
Table 3), with those in the negative cues condition having
significantly better total recall (3 = -.22, P = .048). Baseline
alcohol consumption did not affect eye movement or recall. No
interaction was significant.
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Table2. Percentage of time participants spent visually examining objects on the website, by condition®

Negative Cues (n= 43) Positive Cues (n= 42)
Object? % of time (SD) % of time (SD)
1. Donation/TRUSTe sedl 5.03 (4.33) 1.80 (2.29)
2.Logo 5.92 (4.07) 12.82 (9.39)
3. Menu 1 (* You are here”) 5.00 (4.13) 9.80 (7.14)
4. Menu 2 (“Health issues’) 2.75 (2.86) 3.42(3.31)
5. Advert/HON code 1.44 (1.80) 0.95 (1.68)
6. Page |ast updated 0.00 (0.00) 0.18 (0.50)
7. Sponsor — Pharmaceutical/NHS 0.25(0.91) 0.34 (1.34)
8. Photo 1.50 (1.75) 1.39(1.62)
9. Alcohol and breast cancer subtitle 1.50 (1.82) 1.45 (1.55)
10. Next page link 0.08 (0.28) 0.39 (1.67)
11. Text paragraph 1 6.31 (4.44) 6.32 (4.80)
12. Text paragraph 2 10.47 (7.13) 7.47 (7.05)
13. Text paragraph 3 3.40 (3.83) 2.82(4.14)
14. Application window® 57.25 (28.27) 62.03 (26.00)
15. Entire screen® 60.58 (28.15) 65.16 (25.80)

8gtandard deviations are given in parentheses.

b Objects with different cues (i.e., Advert/HON code and Pharmaceutical/NHS sponsor) are negative cue/positive cue.
¢ Application window refers to Web browser.

9 Entire screen refersto everything visible on the monitor (i.e., application, borders, and task bar).

. affect cognitive responses to the material, but higher levels of
Subjective Measures alcohol were associated with more negative affect (f = .48, P
Condition did not affect any of the measures. No interaction < .001), higher perceived vulnerability (8 = .31, P =.004), and
was significant. Level of baseline alcohol consumption did not stronger intentions to reduce alcohol (B = .37, P = .001).
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Table 3. Other dependent variables, by condition®
Negative Cues (n= 43) Positive Cues (n= 42)
Mean score (SD) Mean score (SD) Total (n=85)
Manipulation check items
Trustfactor 1 (access) 30.05 (4.60) 31.00 (3.56) 30.51 (4.13)
Trustfactor 2 (personalization) 16.63 (3.70) 16.88 (2.90) 16.75 (3.31)
Trustfactor 3 (impartiality) 12.33(2.10) 13.51 (2.86) 12.90 (2.55)
Trustfactor 4 (design) 11.56 (2.36) 12.93 (3.24) 12.23 (2.89)
Positive mood 2.90 (1.03) 2.47 (1.05) 2.71(1.05)
Negative mood 1.00 (1.41) 1.09 (1.53) 1.04 (1.46)
Outcome measures
Recal|? 1.07 (0.93) 0.66 (0.85) 0.87 (0.92)
Intentions to cut down alcohol 2.60 (1.64) 2.88(1.81) 2.79 (1.73)
Cognitive responses 4.29 (1.12) 3.90(1.12) 4,09 (1.14)
Negative affective response 354 (1.34) 3.58 (1.66) 3.56 (1.50)
Perceived vulnerability 2.31(1.09) 2.44 (1.16) 2.38(1.12)
Baseline alcohol consumption® 10.03 (9.10) 10.95 (9.80) 10.48 (9.41)
Follow-up (n=36) (n=239) (n=75)
Alcohol consumption® 10.63 (9.48) 9.68 (9.36) 10.13(9.37)
Belief in link 4,53 (1.60) 464 (1.31) 459 (1.44)
Intentions to cut down alcohol 2.60 (1.64) 2.98(1.81) 2.79 (1.73)
Negative affective responses 3.39(1.90) 3.72 (1.96) 3.56 (1.93)
Perceived vulnerability 2.18(0.87) 2.34(1.15) 2.26 (1.02)

3Higher scores indicate more trust, more positive/negative mood, better recall, stronger intentions, more acceptance of the message, more negative

affect, higher perceived vulnerability, and more alcohol consumption.
BMaximum possible recall is 3.
CAlcohol measured in UK units (one unit is 8 g).

Follow-Up

A total of 75/85 (88%) participants responded to the follow-up
guestionnaire. These women did not differ significantly from
nonresponders on any of the randomization or manipulation
check measures taken at post-manipulation (maximum F; g, =

1.1 [trust factor 3], P = .30, eta® = .013). There was no
significant association between condition and responding to the
follow-up ()(21'85 =1.71, P =.33). Therewasasignificant main
effect of baseline alcohol consumption (B = .72, P < .001) but
not of condition (B = -.12, P = .17) on reported acohol
consumption over the previous 7 days. More importantly,
however, there was a significant interaction between condition
and baseline consumption on reported a cohol consumption (3
=-.22, P =.02), indicating that how much the women reported
drinking at the time they were exposed to the website determined
the extent to which they responded to the cues by subsequently
reducing their drinking. Inspection of the simple slopes [27]

http://www.jmir.org/2009/3/e37/

indicated that at higher and moderate levels of baseline alcohol
consumption, the positive cues led to greater reductions than
did the negative cues (Figure 1). Overall, those in the positive
cues condition reported an average decrease of 1.3 units,
whereasthosein the negative cues condition reported an average
increase of 0.6 units.

Asfor the post-manipulation, higher levels of baseline alcohol
in the follow-up were associated with more negative affect (3
= .52, P <.001), greater perceived vulnerability (f = .39, P =
.001), and stronger intentions to cut down on acohol ( = .26,
P = .04). Moreover, those who drank more at baseline now
perceived the evidence linking acohol and breast cancer to be
significantly weaker (B = —.24, P = .02), thus perhaps showing
thefirst signs of adefensive reappraisal of the message. Indeed,
condition interacted with baseline a cohol consumption on this
measure of belief in the evidence (3 = .38, P = .001), with the
effect being more pronounced in the positive than in the negative
cues condition.

JMed Internet Res 2009 | vol. 11 | iss. 3|e37 | p.173
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Harriset al

Figurel. Simple sopesfor the interaction between condition and baseline alcohol consumption on acohol consumption at 1 week follow-up; simple
slopes have been cal culated at mean (moderate consumption), +1 standard deviation (higher consumption), and -1 standard deviation (lower consumption)
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Discussion

Did the cues influence engagement with the material on the
site? We examined how long the women spent on the site, their
pattern of eye movements when examining it, and their recall
of site content and found that, whereas the cues did not affect
the overall time the women spent on the site or how long they
spent reading the text, they did influence where the women
directed their gaze and how much they subsequently recalled.
Participants paid more attention to certain negative cues, such
as the donation button, than to positive cues in the equivalent
location, and those in the negative cues condition were
subsequently more accurate in their recall of information,
suggesting that they paid closer attention to the site content.

Did the cues influence how the participants responded
cognitively and affectively? No. We found no effects of the
cues on any of the explicit ratings of cognition, affect,
vulnerability, or intentions—at least not initialy (see below).
However, those who drank more reported more negative affect
and vulnerability and expressed stronger intentionsto cut down

http://www.jmir.org/2009/3/e37/

on their drinking, effects that persisted at follow-up. This
suggests that the material had been persuasive, even among the
heavier drinkers. Interestingly, these effects occurred even
though drinking level had not influenced how the women
examined the site visually or their recall of its contents.

Did the cues influence the extent to which the women
subsequently acted on the advice given? Yes, the important
influence of credibility cueswas seen most clearly at follow-up,
wherethe positive cues promoted greater a cohol reduction than
did the negative cues among those who had previously reported
heavier drinking. Thus, the answer to our final question— Does
theimpact of the cues vary with how much alcohol the women
typicaly drank?—is also yes. Indeed, the cues now interacted
with baseline drinking level to change the women’s belief in
the evidence: specifically, women who had reported drinking
the most expressed less belief in the evidence at follow-up,
especially the women in the positive cues condition.

Consequently, the results of this study indicate that seemingly
superficial design elements of awebsite can influence responses
to hedlth-risk information. As predicted, cues known to be
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positively or negatively associated with credibility affected
engagement with the site and influenced subsequent health
behavior and cognition.

We interpret these data as being consistent with findingsin the
broader literature on defensive responding to threatening
information [8-11]. In essence, we expected the presence of
positive (but non-content-rel ated) credibility cuesto bolster the
message but negative cues to undermine it. We were unsure
how immediate or delayed such effects might be, and it is clear
that, in the short term, message content predominated. However,
with time, the negative cues exerted detrimental effects by
reducing the extent to which the heavier-drinking women acted
on the advice. Moreover, 1 week later, the heavier drinkersalso
reported perceiving the evidence linking breast cancer and
alcohol to be weaker, thus showing the first signs of message
rejection on any of our explicit measures. Perhaps this is
because, after aweek of reduced consumption, they appreciated
more fully the difficulties involved in trying to reduce alcohol
consumption. If so, we may have captured them in the early
stages of defensively re-evaluating the original website material.
Thismight bethe focusfor further investigation. Indeed, at this
stage there was even the suggestion that the protective effects
of the positive cues may have been wearing off, as belief in the
link was lower among heavier drinkers in the positive cues
condition.

The findings thus present an intriguing picture of a group of
participants developing their response to a website containing
credible, but unwelcome, health-related information. The
eye-tracking data also contribute to our understanding of how
people alocate their attention to features of websites. For
instance, those in the positive cues condition spent relatively
littletimelooking at the HON code or the TRUSTe seal relative
to other elements of the site, such as the logo (see Table 2).
Indeed, the presence of such codes and awards has been shown
elsewhere to have little effect on the credibility or retention of
health information on a Web page [28], and Eysenbach and
Kdhler [29] noted that consumers failed to click on the HON
logo when it was present on websites, despite having suggested
that some form of controlling authority or an endorsement by
athird party would be a helpful quality marker. There have been
claimsthat consumer expectations of such health sealsare often
inconsistent with how they respond to them in practice [30].
Certainly, here participants were more inclined either to look
at negative cues morethan their positive equivalents or to spend
relatively little time looking directly at either.

Limitations

We have shown here (to our knowledge for the first time) that
seemingly superficial credibility cues embedded in health
information and advice can continue to affect responding over
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time. However, we acknowledge that our study has severa
limitations. We recruited amainly student sampleto participate
in a somewhat artificial environment, under experimental
conditions. We cannot rule out the possibility that some
participants may have felt themselves “too young” to be at risk
of breast cancer or felt obliged to accept the health message
contained in the website. We tried to minimize this by explicitly
instructing participantsto take their time and to explore the site
visually asif they had discovered it themselves through asearch
engine. We also ensured that the health message was aimed at
young women in particular. We recognize, however, that the
experimental conditionsal so meant that participantswereforced
to look at the website and therefore could not choose to * select
out” sites as perhaps they would in more natural settings.

Conclusions

Despite these limitations, these findings are potentialy very
significant since at-risk groups are typically the hardest to
persuade [12,13]. Web-based intervention programs can also
reach large numbers of heavier drinkers who might otherwise
not seek help [31,32]. Our results suggest that there may be a
health benefit in combining uncongenial information with
positive credibility cues (although the benefits of this over the
longer term remain to be researched). Theimplicationsinterms
of the design are not limited to online presentation of material.
Poor design features also occur in non-Internet material, for
example, in patient |eaflets [33], and negative design cues such
as logos, sponsorship, and advertising are commonly found in
these materials.

More studies of this kind are needed to explore both the
immediate and longer term effects of design cues on health
cognition and behavior. The message in this study was strong
and persuasive and not easily rejected. It may bethat the effects
of negative design cues such as advertising are moreimmediate
in evaluations of health risk messagesthat are weaker. Similarly,
future research needs to explore what happens when sites
containing credible design cues present incorrect information
but noncredible sites present correct information. Longer-term
follow-ups are also required, along with studies focusing on
other health risk messages and populations.

Written information, often in the form of patient leaflets, has
usually been seen as an adjunct to verbal messages provided by
the medical profession [34] that may enhance and encourage
behavior change [35]. Efforts are being made within the UK
health service to evaluate traditional methods of conveying
information to patients and to develop and assess new
approaches [36]. The impact of design cues on subsequent
behavior hasimplicationsfor thoseinvolved in producing useful
and effective patient information.
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Abstract

Background: In many countries, there has been substantial progress in establishing the electronic transmission of patients
health information between health care providers, but little is known about how best to engage patients in the process.

Objective: We explored patients' views about sharing of electronic health information and their preferences for learning about
and participating in this process.

Methods: Patientsin one Massachusetts community in the northeastern United States were recruited to participate in focus-group
discussions. Prior to discussion, participants completed awritten questionnaire that captured their reactions to draft educational
materials and a consent form. The discussion moderator and two physicians analyzed the moderator’s detailed notes from each
session and participants written comments, using an immersion-crystallization approach.

Results: Three dominant themes emerged: (1) concerns about privacy and security, (2) the potential benefit to aperson’s health,
and (3) the desire for moreinformation about the consent process. On the pre-discussion questionnaire, 55 out of 62 participants
(88%) indicated that they would provide consent for their information to be shared electronically among their health care providers,
given the materials they had reviewed.

Conclusions; Patients are enthusiastic about electronic health information exchange, recognizing its capacity to improve the
quality and safety of health care; however, they are also concerned about its potential to result in breached privacy and misuse
of health data. As the exchange of electronic health information becomes more widespread, policy makers will need to ensure
that patients have access to concise educational material s and opportunitiesto engage in conversations about the risks and benefits
of participation.

(J Med Internet Res 2009;11(3):€30) doi:10.2196/jmir.1164
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Introduction

The United States has lagged behind other developed nations
with respect to adoption of electronic health records (EHRS),
especiadly in primary care, although that appears likely to
change. The American Recovery and Reinvestment Act of 2009
will result in an investment of approximately US $19 billion
toward the adoption of EHRs and, under the direction of the
Office of the National Coordinator for Health Information
Technology, an “initial set of standards, implementation
specifications, and certification criteria’ to enable the electronic
exchange of health information [1]. With these developments
in the United States, electronic sharing of health
information—typically defined as the exchange of personal
health information contained in the medical record between at
least two different computer networks—is expected to increase
exponentially over the next decade [2]. The expansion of
electronic data sharing, also known as health information
exchange (HIE), is heralded as a key solution to the problems
of low quality and high cost of health care [3]. However, HIE
has presented substantial challenges, not only in the United
States but also in countries such as the United Kingdom [4],
Australia[5], and Sweden [6].

The potential benefits of electronic health information exchange
include improved health care quality, reduced medical errors
and lower health care costs, as well as public health benefits,
resulting from early detection of infectious disease and improved
tracking of chronic disease management [7]. In the United
States, regional health information organizations (RHIOs) have
emerged as the leading model to facilitate the electronic
exchange of patient-level clinical information between
physicians' offices and other health-care organizations that
deliver care to patients [8,9]. The overarching goal of these
RHIOs is to ensure that physicians and other health care
providers have accessto the best and most compl eteinformation
about patients for whom they are caring when they need it
most—in real time, when the patient is with them in the
examination room, emergency department, or other clinical
setting. Not only could awareness of apatient’s medical history,
such as, for example, a current problem list or known allergies
to medications, improve the quality of health care, but it could
be, in some instances, life-saving [10]. The model of RHIOsis
considerably different from that being used in other nations
such asthe United Kingdom, which has asingle “spine” which
is being implemented [11].

To date in the United States, however, the el ectronic exchange
of health information has faced considerable challenges with
respect to technical limitations and financial constraints (e.g.,
is there a sustainable business model?) [12]. Overcoming the
lack of interoperability (i.e., the problem of systemson different
platforms being unable to exchange information) and the
guestion of who will pay for health information exchange have
presented major impediments. In addition, concerns about the
privacy and security of personal health information in these
systems have also emerged [13,14]. As communities begin to
overcome the technical and financial barriers to health
information exchange, attention has turned to the importance
of engaging community members—the pati ents—in the process.
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Specifically, policymakers have begun to focus on patients
perspectives of electronic heath information exchange,
especialy their concerns about confidentiality and data security,
and their willingness to provide consent for health information
exchange.

In preparation for launching community-wide electronic health
information exchange in Massachusetts, we conducted formal
and informal discussions among stakeholders to address key
guestions about the process: How well do patients understand
the value of clinical data exchange? To what extent do they
endorse the electronic transmission of clinical information
among health care providers? What are their concerns and
hesitations about the process? How should patients be informed
about, and approached for, participation in acommunity’sHIE?

Methods

Study Design

We conducted a qualitative analysis based on transcribed
moderators’ notesfrom five focus group discussions and on the
free-text and responses from semi-structured questionnaires
completed anonymously by focus group discussion participants.
Theresearch protocol was approved by the Partners HealthCare
Human Research Committee.

Setting

The study was conducted in the Northern Berkshire e-Health
Collaborative, one of three communities participating in the
Massachusetts e-Health Collaborative. The Northern Berkshire
community is a rural, socio-economically diverse region with
apopulation of about 45,000 people, located in the northwestern
corner of Massachusetts. It includes the city of North Adams
and several smaller towns that surround it. Northern Berkshire
community members receive the majority of their health care
services from physicians and other health care professionals
located in North Adams, Adams, and Williamstown. Focus
group discussionswere conducted at variouslocations, including
community centers, health care facilities, and restaurants, to
solicit a broad spectrum of patients’ attitudes and perceptions.

Participants

We recruited adult community membersto participate in focus
group discussions based on their geographic proximity and
affiliation with the site at which each session was being held.
For example, for a session conducted at the North Adams
Regional Hospital, we recruited hospital employees. We
advertised the focus groups at each location, with posted signs,
flyers, and email announcements used to recruit participants.
We aimed to include a mix of men and women, ranging from
young adults to senior citizens, and attempted to include
individuals with varying levels of formal education.

Focus Group Discussions

A trained moderator conducted each of the focus group
discussions, with one or two additional observers present for
each session. The duration of each session ranged from 30 to
120 minutes. The sessions were not audio recorded; however,
the moderator and observerstook extensive notes and recorded
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their collective observations from discussions that followed the
ons.

At the start of each session, prior to any discussion, we asked
participants to review the following draft materials as though
they were seeing them for thefirst time at aroutine visit to their
doctor’s office:

«  Form seeking consent for patients to allow their doctor’'s
office to share health information with other physicians
offices. (See Multimedia Appendix 1)

- Booklet of supporting information, describing the health
information exchange, data security, privacy considerations,
and contact information. (See Multimedia Appendix 2)

After reading the materials, participants were asked to complete
aone-page questionnairethat ascertained their age, sex, highest
education level attained, and health condition (overall healthy,
healthy now but with past concerns, some current health
concerns, significant current health concerns). In addition, the
guestionnaire asked whether they would sign the consent form
that they had just read.

During each session, the moderator facilitated discussion of
individuals' reactions to the documents, including their likes
and didlikes, preferencesfor additional information, reservations
about the forms or the HIE itself, and thoughts on improving
the documents. Participants were encouraged to ask questions
about anything that seemed unclear. Because of scheduling
issues, one of the five sessions was conducted as a series of
one-on-one interviews between the moderator and individual
community membersasthey arrived at the planned focus group
meeting. The content of these interviews was similar to the
group discussions and was included without discrimination in
thisanalysis.

Analysis

We performed a content analysis of the moderators' notes and
freetext comments from the questionnaires using an
immersion-crystallization technique [15]. Three of us (SRS,
JSE, AB) read al of the available text and identified the salient
themes and principles that emerged. Any discrepancies were
settled by consensus. The raw rate of willingness to provide
consent for HIE was calculated from the survey forms and
stratified by age group, gender, education level, and health
condition (healthy vs current health concerns).

Results

Participant Characteristics

Of the 64 study participants, 61 (95%) provided information on
their age, sex, and health status. The median age was 50 years
(range: 19 to 86 years), and 46 patients (75%) were women. A
total of 52 participants (85%) had attended college or some
graduate schooal, reflecting asamplewith higher education level
than the community at-large. A total of 36 patients (59%)
considered themselves generally healthy, while 17 (28%) said
that they had some current health concerns.
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Salient Themes

The three most common themes that emerged from the focus
group discussions and qualitative comments from the written
guestionnaires were (1) concerns about privacy and security,
(2) the potential benefit to a person’s health, and (3) the desire
for more information about the consent process.

Privacy and Security Concerns

Comments and discussion about privacy ranged from general
concerns about privacy to specific concerns about who will have
accessto the personal health information, what kinds of sensitive
health information would be shared, and therisk of unauthorized
access to the health information via security breaches. One
woman who was “ over 65", expressed her acceptance of health
professional s sharing her data but her simultaneous reservation
about unauthorized access:

| realize that peoplein the office already can look at
my chart. But I’'m worried about people that don’'t
need to know—hackers on the outside. What they
would do with the information, | don’t know, but |
still don't like it.

Others expressed a considerable level of trust in the security of
the system. For example, participantswere generally nonchalant
when informed that some potentially sensitive health information
could be shared among physicians' offices. When the moderator
noted, for example, that prescriptions for mental health
conditions or for erectile dysfunction would be viewable by
multiple providers, there was ho measurable pushback. One
man commented:

Yeah, but the doctors[already] ask you about all that
stuff anyway, right? Thisisn't really that different.

Potential Health Benefits

Across awide spectrum of participants, the potential for health
information exchange to improve health and prevent adverse
outcomes was unambiguously endorsed as a rationale for
participating. The health benefits of electronic health
information exchange were cited with equal frequency among
those who had concerns about privacy and security as those
who had no reservations about proceeding with the
community-wideclinical dataexchange. For example, oneman
with no concerns about security proclaimed:

Yeah, 1'd sign that [ consent form]. It's for my benefit
so why not? Nobody can get at the information, so
what the heck difference does it make anyway?

A 29-year-old woman who has some chronic medical conditions
said that health information exchange was a “great idea” and
would “make the process of seeing a specialist much easier”.
Another woman, who mentioned that her father had a chronic
illness, reported that his paper medical chart had recently been
lost at the doctor’s office and expressed optimism that an
electronic record with health information exchange would avoid
that problem:

It was extremely important, and we just don’t know
what happened to it. If this prevents that from
happening, it's a good thing.
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Desirefor More | nformation

Some participants expressed high levels of satisfaction with the
draft document presented during the focus groups and requested
no further explanation or information. In fact, at afocus group
held at alocal restaurant, several middle-aged men completed
the draft formsand wereinitially under theimpression that they
were signing the official documents. Neverthel ess, participants
throughout all demographic groups suggested that the process
of obtaining patient consent for opting in to the system of health
information exchange would require considerabl e patience and
more extensive information resources. Virtually al patients
expressed the sentiment that they should need to provide consent
for health information exchange (i.e., an opt-in system); asystem
that assumed their willingness to participate without obtaining
explicit consent (i.e., an opt-out system) would not be
acceptable.

There was consensus in all groups that patients should receive
information by mail prior to being asked to sign the consent
form in the doctor’s office. While there were afew individuals
who said that they would simply sign the consent form without
reading it carefully, most participants said that they would want
to take time to read it thoroughly to consider whether to
participate. Focus group participants suggested that patients
could be warned to arrive 10 - 15 minutes prior to their
appointment to enable time for the registration and consent
processto occur. Patients agreed that someoneinthephysician’s
office needs to be dedicated to the sign-up/consent process:

If you send an advance notice, you'll need to be
prepared for a lot of calls. You'll need someone who
can take the time to answer peopl€e's questions, both
when the mailing goes out, and when people comein
the office.

One older woman who described herself as ambivalent about
whether to opt in to the HIE noted that both of her physicians
were included on the list of participating clinicians and then
commented:

I would have to discuss it very thoroughly with
them—what type of personal information they're
putting in there.

Willingness to Provide Consent

In compl eting the written questionnaires prior to beginning the
discussion component of the focus group meetings, 55 out of
62 participants (88%) indicated that they would provide consent
for participation in the system of health information exchange,
given the material sthey had reviewed. While the study was not
designed to detect differences in the rates of consent among
demographic subgroups, the proportion of participants willing
to opt in was qualitatively similar among men and women,
younger and older individuals, and those with and without
current health concerns, and it was not related to the level of
education.

Discussion

Exchanging health-rel ated information el ectronically to improve
clinical practiceiscentral to maximizing the benefit of ongoing
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effortsto expand electronic health recordsto physicians' offices
everywhere[16]. Because health information exchangeinvolves
electronically exchanging patient-identified health information
across geographically and commercially separate entities, it
raises issues of patient privacy and data security which have
resulted in heated debate[17,18]. However, little is known about
patients’ attitudestoward health information exchange and their
preferences for learning about it and giving consent for it. In
thisqualitative analysis of five focus groups within acommunity
on the eve of launching aregional system of health information
exchange, we found that most patients were willing to opt in to
a system of health information exchange, although they had
concerns about security and privacy and wanted assurancesthat
they would be ableto ask questions and obtain moreinformation
prior to consenting. Overwhelmingly, patients recognized the
potential for the electronic exchange of health information to
improve the quality of health care and prevent medical errors.
This potential was the driving force behind many patients
enthusiasm for participation.

Patients' concerns about privacy and data security are not
surprising, given the attention paid to these issues in both the
medical and lay literature[19,20]. Furthermore, there have been
somewell-publicized breaches, such asan incident in the United
Kingdom in which datafrom 25 million individual swere placed
on CDsthat werelost in the mail [21]. While some have pointed
out that paper-based records systems have long been subject to
breaches of privacy and security, the potential for large volumes
of electronic data to be accessed in short amounts of time and
the ease with which those data can be transmitted from user to
user have elevated concerns about potential privacy violations
and security breachesin computerized systems[22]. In addition,
the high visibility of news stories which depict data loss and
security breaches in a variety of business sectors [23], as well
asin health care[24,25], seems to have sensitized the public to
these concerns in the context of health information exchange.
As countries intensify health information exchange efforts,
concerns about privacy and data security are likely to increase,
as well. For example, in the United Kingdom, where the
National Health Service transmits more than 100 million clinical
messages electronically every month [26], public concern has
been particularly vocal and substantially hampered efforts to
advance clinical information exchange programs [27,28]. It is
reasonable to expect that public concern in other countries will
increase correspondingly as the volume of data exchange
expands to these levels.

Inthe United States, most early dataexchange efforts have been
at the community level. In this study, the concerns about privacy
and security ranged from non-specific, “gut-level” worries to
sophisticated, reasoned acknowledgements of the risksin both
electronic and paper-based systems. Without question, though,
patients across the community in our study expected privacy
and security to be addressed and adequately assured.

Among community members, there was unanimous acceptance
of the notion that health information exchange would lead to
improvements in the quality and safety of health care. Patients
cited their own experiences with misplaced paper charts, for
example. They easily recognized the potential value of having
their health information, such as medication lists or allergies,
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immediately accessible to clinicians in practice settings where
they are not customarily available. In this study, no one
expressed any skepticism about the potential for health
information exchangeto improve care, and in fact many patients
linked this potential benefit to their willingness to provide
consent for participation. The promise of improved quality and
safety of health care seemed to outweigh patients’ deep-seated
concerns about confidentiality and data security, aslong as the
system explicitly and adequately addressed the | atter.

Participants in this study also articulated a consistent message
that community members must receive clear and concise
materials describing the system of health information exchange
and have opportunities to ask questions about it before they
would bewillingto opt in. While nearly all participantsindicated
that they would provide consent for inclusion in the exchange
system, many expressed a need to have information about it,
and especially assurances of privacy and security, available for
review and consideration well in advance of being asked to
“sign on the dotted line”. This finding indicates that enrolling
a community in heath information exchange may take
considerabletime, as patientswant to be ableto read and reflect
on materials, discuss them with family members, and ask
clarifying questions before committing to it. Patients' interest
in making an informed decision also likely reflectsthe fact that
they expect to have control over whether their information is
included in the system.

Theinput from the focus group discussions led to considerable
revision of the consent form (See Multimedia Appendix 3), the
educational / informational brochure (See Multimedia Appendix
4), and the fact sheet (See Multimedia Appendix 5) that were
ultimately produced and distributed within the community. In
the initial materials and during the discussions, for example,
the health information exchange was referred to asacommunity
health record or a shared health record. Focus group discussions
suggested that “e-health summary” was a more appealing and
meaningful description. In addition, feedback from patientsled
program leaders to craft a schematic diagram of the multiple
sources of information that would populate the e-health
summary (See Multimedia Appendix 4, page 5).

Perhaps the most noteworthy outcome of the focus group
discussions was the decision to make health information
exchange an “ opt-in”, rather than and “ opt-out”, experience. At
the time of the focus group discussions, regional policymakers
had considered establishing the health information exchange
system such that the records of all patients of all participating
physicians would be included unless the patient actively opted
out. However, patients' robust preferences for retaining the
authority to provide consent—and their near unanimous
expressions of willingness to provide that consent—Ied to the
establishment of an “opt-in" system.

Simon et al

A few prior studies from the United States have explored
patients attitudes toward the use and protection of health
information [29-31]. Littleisknown about how best to approach
the process of engaging community members in health
information exchange in the United States and abroad. One of
the first regional health information exchange systems in the
United States, the Santa Barbara County Care Data Exchange,
recognized that privacy issues need to be addressed explicitly
and early inthe process[32]. SantaBarbaraleadersalso realized
the value of engaging community membersin the devel opment
of policiesintended to educate consenting patients before they
participated in the health information exchange [33]. These
observations are consistent with and reinforced by the salient
themes that emerged from our study.

Interestingly, some experts have suggested the potential for
streamlining the consent processfor health information exchange
through electronic communication [34]. While our study did
not directly assessthe acceptability of an e-consent process, we
did find that community members expect information to be
presented clearly and concisely, with time provided between
the presentation of information and the need to consent in order
for there to be opportunities to ask for more or clarified
information. To the extent that el ectronic consent processes can
incorporate these community needs, they may enable
communitiesto streamline the enrolIment process, though access
to paper materials and human information sources will likely
remain essential.

Thefindings of thisanalysisneed to be considered in the context
of the study design. We conducted five focus groups in one
community in Massachusetts, and the attitudes and preferences
of patients in communities elsewhere may differ. On the other
hand, the purpose of this study was to identify the breadth of
attitudes among community members about consent for health
information exchange and, assuch, it islikely to haveidentified
the relevant domains of concern for many other communities
embarking on similar efforts.

This study providesinsight into the ways that patients perceive
electronic health information exchange and their willingnessto
provide consent for participation. Others have aready
recognized the val ue of sharing experiences and lessons|earned
from community implementation of health information
technology, including the electronic exchange of health
information [9,35]. Future studies should test differing strategies
for educating community members about health information
exchange and for securing their consent for participation. While
there will likely be variability across communities and nations,
as well as a need for local programs and policies, each
community embarking on the implementation of clinical data
exchange should not need to “reinvent the wheel” in terms of
engaging patientsin the process.
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Abstract

Background: The ability to generate registries of patients with particular clinical attributes, such as diagnoses or medications
taken, is central to measuring and improving the quality of health care. However, it is not known how many providers have the
ability to generate such registries.

Objectives.  To assess the proportion of physician practices that can construct registries of patients with specific diagnoses,
laboratory results, or medications, and to determine the rel ationship between electronic health record (EHR) usage and the ability
to perform registry functions.

Methods: We conducted amail survey of astratified random sample of physician practicesin Massachusetts in the northeastern
United States (N = 1884). The survey included questions about the physicians’ ability to generate diagnosis, |aboratory result,
and medication registries; the presence of EHR; and usage of specific EHR features.

Results: Theresponserate was 71% (1345/1884). Overall, 79.8% of physician practicesreported being ableto generate registries
of patients by diagnosis; 56.1% by laboratory result; and 55.8% by medication usage. In logistic regression analyses, adjusting
for urban/rural location, practice size and ownership, teaching status, hospital affiliation, and specialty, physician practices with
an EHR were more likely to be able to construct diagnosis registries (adjusted odds ratio [OR] 1.53, 95% confidence interval
[CI] 1.25 - 1.86), laboratory registries (OR 1.42, 95% Cl 1.22 - 1.66), and medication registries (OR 2.30, 95% Cl 1.96 - 2.70).

Conclusions. Many physician practices were able to generate registries, but this capability is far from universal. Adoption of
EHRs appears to be a useful step toward this end, and practices with EHRs are considerably more likely to be able to carry out
registry functions. Because practices need registries to perform broad-based quality improvement, they should consider adopting
EHRs that have built-in registry functionality.

(J Med I nternet Res 2009;11(3):€31) doi:10.2196/jmir.1166
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Registries; chronic disease; quality assurance, hedlth care; primary health care; family practice; hospital information systems;
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Introduction

Wright et a

Methods

With the publication of the Institute of Medicine's Crossing the
Quality Chasm report [1], physicians and health care delivery
systems have sharpened their focus on the care of populations
and panels of patients. Managing the health of populations
demandsthe ability to identify individual swithin the population
with specific clinical or sociodemographic characteristics. The
core of population management is the patient registry—a list
of multiple patientswho share some common clinical trait, such
as being overdue for alaboratory test, receiving a medication,
or having a particular diagnosis.

Registries play a key part in the Chronic Care Model [2,3], a
broadly promulgated framework for managing patients with
chronicillnesses. Inthetraditional paradigm of care, aphysician
reviews the record of, and evaluates, one patient at atime. In
the paradigm of the Chronic Care Model and population health
management, the physician looks simultaneously at all of his
or her patients with a particular diagnosis or combination of
diagnoses. This activity is commonly, but not universally,
carried out by utilizing an electronic health record (EHR) [4,5].

Laboratory result registries have been used for several purposes,
but the most common is detection of patients overdue for
screening tests [6-8]. Laboratory result registries can also serve
as surrogates for, or adjuncts to, diagnosis-based registries
[9,20]. In comparison, medication registries can be used to
identify and communicate with patients who are receiving a
medication for which some changeis recommended or required,
asinthe case of asafety recall or the new availability of amore
effective or less expensive alternative [11-13].

Taken together, this evidence suggeststhat diagnosis, medication
and laboratory registries are essential and effective tools for
improving the quality and safety of health care at the popul ation
level. A variety of studies at different sites, using different
registries and with different disease foci have shown positive
results [2-3,6-13]. It is not known, however, how easy or
difficult it is for practices in the community to generate such
registries. Furthermore, it is apparent that many studies
demonstrating the potential for registriesto improve care arise
in settings with robust electronic health records and
computerized provider order entry systems[4,6,8,11,12].

In order to understand better the registry generation capabilities
of community ambulatory practices, aswell asthe relationship
between EHR usage and registry capabilities, we undertook the
present study. Our goal was to measure physicians' general
abilities to perform registry functions in office practice and to
explore further the hypothesis that use of electronic health
records is associated with the ability to perform registry
functions. This study is one aim of alarger study which used a
variety of methods, including surveys, focus groups, direct
observation, and quality assessment. Thegoal of thelarger study
was to measure adoption and use of EHRS in Massachusetts
and to compare state-wide adoption to three specific
communities in the state that were in the process of
implementing community-wide electronic health records with
information exchange. Other results of the larger study have
been have published previously [14,15].

http://www.jmir.org/2009/3/e31/

Sampling

We carried out a statewide survey of physician practices in
Massachusetts between June 2005 and November 2005. We
began with a commercial database of physicians in
Massachusetts (Folio Associates, Hyannis, MA) which contained
contact information for 20,704 physicians practicing at 6308
distinct practice sitesin the state. We drew a stratified random
sample of practice sites from this database and selected one
physician at random from each practice. Our sample was
stratified by geography (urban vs nonurban based on county
designation, except in the case where therewererural ZIP codes
in urban counties, where ZI P codeswere used instead), practice
size (1 physician, 2 - 3 physicians, 4 - 6 physicians, and 7 or
more physicians, exclusive of residents), and practice type
(hospital-based primary care, hospital-based specialty/mixed,
non-hospital-based primary care, or non-hospital-based
specialty/mixed). These sampling characteristics were based on
values in the commercial database.

Practicesin rural partsof Massachusetts, primary care practices
within hospital's, and large practices were oversampled by 100%
in our sampling plan to ensure we had adeguate representation
of these particular practicetypes. Further detail s of the sampling
plan have been reported previously [14,15].

Survey

Ultimately, we identified a sample of 1884 physician practices
acrossthe state of Massachusetts. We mailed arandomly chosen
physician at each practice the survey and a US $20 cash
incentive to encourage participation. We contacted
non-respondents by phone several times and also sent the survey
to them two more times (without further cash incentive). The
survey contained demographic questions (relating to practice
size, teaching, and practice ownership), as well as a variety of
guestions about quality improvement, practice satisfaction, use
of technol ogy, and finances. Some of these questions have been
analyzed as part of other aims of this study [14,15]. Two
guestions (practice size and type) were asked in the survey and
werealso present in the commercial database used for sampling.
In the case that a practice’'s response differed from the
commercia database (eg, because the practice had changed in
size), the survey responses were used in analysis as they were
more current.

The survey also asked questions about the use of registry
functions and availability of an EHR (defined as“ an integrated
clinical information system that tracks patient health data, and
may include such functions as visit notes, prescriptions, lab
orders, etc”) inthe physician’s practice. Specifically, physicians
were asked to rate the ease of creating lists of patients by
diagnosisor health risk (eg, diabetes), by laboratory results (eg,
patients with abnormal hematocrit levels), and by medications
they currently take (eg, patients on warfarin), using afive-point
scale: very easy, somewhat easy, somewhat difficult, very
difficult, and cannot generate. Furthermore, physicians were
asked if their practice had components of an EHR, specifically
defined as* an integrated clinical information system that tracks
patient health data, and may include such functions as visit
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notes, prescriptions, laboratory orders, etc’ and were aso
surveyed on the availability and use of specific EHR
components, such as structured problem or medication listsand
electronic reporting and review of laboratory results. The survey
instrument and study protocol were reviewed and approved by
the Partners Healthcare Institutional Review Board (IRB). The
instrument is available as an appendix to this article (See
Multimedia Appendix 1).

Analysis

Weused SAS9.1.3 (SASInstitute, Cary, NC), applying weights
throughout our analysis to control for both our stratified
sampling plan (whichincluded over-sampling of specific groups)
and for variable response rates in different strata (specialty,
category of practice size, hospital affiliation, and urban/rural
location). We used frequency weights (fweights) which are the
inverse of the response proportion for each stratum or,
equivalently, the weights were determined by taking the
population size for each stratum divided by the number of
responses. Conceptually, the fweight for a particular response
corresponds to the number of physician practices in
Massachusetts that this response represents. The ultimate
purpose of this weighting strategy was to make our results
representative of the population of ambulatory care physician
practices in Massachusetts.

We used logistic regression to assess the relationship between
the presence of electronic health records in the practice and the
ability to create diagnosis registries, laboratory test registries,
and medication registries, adjusting each model for thefollowing
potential confounding factors:

«  urban/rural location

« practicesize

«  practice ownership (owner, part-owner, non-owner)

« teaching status (whether any students or residents were
present in the past year)

« hospita affiliation

http://www.jmir.org/2009/3/e31/
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- practicetype (chosen from solo primary care practice, solo
specialty care practice, primary care group/partnership,
single specialty group/partnership, multi-specialty
group/partnership)

In a secondary analysis limited to practices that had EHRs, we
used chi-sguare tests to examine the relationship between use
of key EHR features and the ability to generate each type of
registry (diagnosis, laboratory test, medication). For the
feature-specific analysiswe looked at the effect of problem list
use on the ahility to generate diagnosis registries, electronic
laboratory result review on laboratory test registries, and
electronic medication list use on medication registries. In each
one of the three cases, the associated feature was chosen for
analysis because it was the most directly related feature to the

registry type.

Results

A total of 1345 physicians (71%, 1345 of 1884) completed the
survey, 1328 by mail and 17 by phone. There were no significant
differences between respondents and non-respondents on the
sampling characteristics (specialty, practice size, hospital
affiliation, and rural practice). The practices reported using a
widevariety of commercially available and self-developed EHR
systems. Table 1 shows the practice characteristics. Note that
some respondents omitted certain questions on the survey so
the number of practices does not always add up to 1345. The
rural/urban classification was applied based on practice |l ocation,
so it was available for all practices.

Among the 356 practices which had an EHR and reported its
name, atotal of 187 (52.5%) used one of the 4 most preval ent
systems while the remaining 169 (47.5%) reported using one
of 78 other systems that were named. There were also 31
practices that reported having an EHR but did not provide its
name—they were still counted as having an EHR for purposes
of the analysis.
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Table 1. Practice characteristics

Wright et a

n of practices % of practices

Practice L ocation

Rural 331 24.6

Urban 1014 754
Practice Size

> 6 physicians 504 375

3-5physicians 280 20.8

1- 2 physicians 383 285
Practice Owner ship

Full owner 460 34.2

Part owner 172 12.8

Non owner 542 40.3
Practice I nvolvement in Teaching

Involved in teaching 552 41.0

Not involved in teaching 628 46.7
Hospital Affiliation

Hospital based practice 360 26.8

Non-hospital based practice 974 724
Practice Type

Solo primary care practice 154 114

Solo specialty care practice 192 14.3

Primary care group/partnership 309 23.0

Single specialty group/partnership 338 251

Multi-specialty group/partnership 177 132
EHR Usage

Yes 387 28.8

No 794 59.0

Overall, 79.8% of physiciansreported that their practices could
generateregistries of patientswith aparticular diagnosis; 56.1%
could generate registries of patients with a specific laboratory
result; and 55.8% could generate registries of patients taking a
particular medication. Among physicians who reported that
their practiceswere able to generate registries, the reported ease

with which such registries could be generated varied greatly,
as shown in Table 2. While 38.9% of physician practices that
could generate diagnosis registries said their practice could do
it easily or very easily, considerably fewer said that it was easy
or very easy to generate registries based on laboratory test results
(14.5%) or medications (17.8%).

Table2. Easeor difficulty of generating registries of patients based on diagnosis, |aboratory result and medication use®

Ease or Difficulty Diagnosisregistry Laboratory result registry Medication registry
Very Easy 15.0% 6.5% 7.4%

Somewhat Easy 23.9% 8.0% 10.4%

Somewhat Difficult 21.7% 16.0% 14.1%

Very Difficult 19.2% 25.6% 23.9%

Cannot Generate 20.2% 43.9% 44.2%

a\Neighted proportion of physicians reporting that their practice can generate each kind of registry with a particular ease or difficulty.

Table 3 shows the proportion of physician practices that were
capable of carrying out registry functions, stratified by

http://www.jmir.org/2009/3/e31/
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pre-specified subgroups of interest. For all three registry types,
providers with EHRs were significantly more likely to be able
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to perform registry functionsthan providersusing non-electronic
record systems (P < .001 for al three registry types). Also,
larger practices, practices involved in teaching, hospital-based
practices, and primary care practices were more likely to be
able to generate registries.

In logistic regression anayses controlling for urban/rura
location, practice size, practice ownership, teaching status,
hospital affiliation, and practice type, the relationship between

Wright et a

the presence of EHR and the ability to carry out each registry
function remained robust. EHR adopters were more likely than
non-adoptersto be ableto devel op registries based on diagnosis
(adjusted odds ratio [OR] 1.53, 95% confidence interval [Cl]
1.25 - 1.86), laboratory results (OR 1.42, 95% Cl, 1.22 - 1.66),
and medications (OR 2.30, 95% Cl, 1.96 - 2.70). Rural location,
practice size, practice ownership, hospital affiliation, and
practicetype al so remained significant correlates of one or more
registry capability in the multivariate analyses (Table 4).

Table 3. Ability to perform registry functions according to practice characteristics (these data are weighted but not adjusted for confounding factors)

Percentage of physicians able to perform function

Diagnosis registry Laboratory result registry Medication registry

Practice Location &

Rural 78.9% 58.9% 62.6%

Urban 79.9% 55.9% 55.3%
Practice Size b

> 6 physicians 82.4% 60.1% 59.2%

3- 5 physicians 84.8% 63.4% 53.9%

1- 2 physicians 75.8% 50.6% 54.8%
Practice Owner ship ©

Full owner 77.8% 51.2% 54.1%

Part owner 81.6% 49.9% 48.3%

Non owner 81.6% 66.6% 61.7%
Practice I nvolvement in Teaching d

Involved in teaching 85.0% 63.2% 61.8%

Not involved in teaching 76.9% 52.3% 52.5%
Hospital Affiliation ©

Hospital based practice 81.9% 69.9% 65.2%

Non-hospital based practice 79.4% 54.5% 54.8%
Practice Type d

Solo primary care practice 74.2% 57.2% 61.7%

Solo specialty care practice 77.1% 47.0% 55.8%

Primary care group/partnership 88.6% 71.4% 67.2%

Single specialty group/partnership 78.5% 56.0% 44.5%

Multi-specialty group/partnership 84.5% 58.7% 59.7%
EHR Usage ¢

Yes 85.9% 66.7% 71.6%

No 78.0% 52.9% 51.1%

8 = 64 using a chi-square test for diagnosis registry functions, P = .25 for |aboratory registry functions, P = .005 for medication registry functions.
bp < 001 for diagnosis and laboratory registry functions, P = .009 for medication registry functions.
P =.004 for diagnosis registry functions and P < .001 for |aboratory and medication registry functions.

dp < 001 for all three registry types.

P = 153 for diagnosis registry functions, P < .001 for medication and |aboratory registry functions.

http://www.jmir.org/2009/3/e31/
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Table4. Multivariate correlates of registry function capability

Wright et a

Diagnosis registry
OR (95% ClI)

Medication registry
OR (95% ClI)

Laboratory result registry
OR (95% Cl)

Practice Location

Rural 0.95(0.73- 1.23)
Urban 1 (Ref)
Practice Size

> 6 physicians 1.09(0.85- 1.41)
1.62 (1.29 - 2.03)

1 (Ref)

3-5physicians
1- 2 physicians
Practice Owner ship

Full owner 1.28(1.04- 1.58)
Part owner 1.19(0.92 - 1.53)
Non owner 1 (Ref)

Practice I nvolvement in Teaching

Involved in teaching 1.42(1.19- 1.70)
Not involved in teaching 1 (Ref)
Hospital Affiliation

Hospital based practice 1.09 (0.85 - 1.39)
Non-hospital-based practice 1 (Ref)
Practice Type

Solo primary care practice 0.67 (0.47 - 0.96)
0.84 (0.60 - 1.17)
1.47 (1.07 - 2.02)

0.70 (0.54 - 0.91)

Solo specialty care practice
Primary care group/partnership

Single specialty group/partnership

1.08 (0.86 - 1.34)
1 (Ref)

1.32 (1.05 - 1.65)
1 (Ref)

0.92 (0.74 - 1.14)
1.39 (1.16 - 1.68)
1 (Ref)

1.10 (0.89 - 1.37)
1.20 (1.00 - 1.44)
1 (Ref)

0.71 (0.60 - 0.85)
0.53 (0.43 - 0.65)
1 (Ref)

0.65 (0.54 - 0.78)
0.71 (0.58 - 0.87)
1 (Ref)

0.98 (0.85 - 1.13)
1 (Ref)

1.08 (0.94 - 1.25)
1 (Ref)

1.87 (1.52 - 2.30)
1 (Ref)

1.35(1.10 - 1.66)
1 (Ref)

1.23 (0.92 - 1.65)
0.90 (0.68 - 1.18)
1.90 (1.50 - 2.42)
0.91(0.74 - 1.13)

1.97 (1.46 - 2.66)
1.78 (1.35 - 2.34)
1.61 (1.26 - 2.04)
0.62 (0.50 - 0.77)

Multi-specialty group/partnership 1 (Ref) 1 (Ref) 1 (Ref)
EHR Usage
Yes 1.53 (1.25 - 1.86) 1.42 (1.22 - 1.66) 2.30 (1.96 - 2.70)
No 1 (Ref) 1 (Ref) 1 (Ref)
OR = adjusted odds ratio; Cl = confidence interval
Ref: Reference Category
We also observed a relationship between use of key EHR Discussion

features and ability to perform related registry functions.
Specifically, within the group of physicians who had accessto
an EHR in their practice, 90.4% of physicians who reported
using an electronic problem list at least some of the time had
the ability to perform diagnosis registry functions, while only
67.7% of physicians using an EHR without access to an
electronic problem list could perform these functions (P < .001).
Similarly, while 75.2% of physicians who used an electronic
medication list could perform medication registry functions,
only 53.0% of physicians who used an EHR without a
medication list reported they could perform them (P < .001).
Finally, while 71.5% of physicianswho used their EHR to view
laboratory results could perform laboratory registry functions,
only 33.9% of physicianswhose EHR could not be used to view
laboratory results reported they could perform these functions
(P <.001).

http://www.jmir.org/2009/3/e31/
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Principal Results

While many studies have demonstrated the value of being able
to perform registry functions for improving the quality and
safety of health care[2-3,6-13], few dataare available regarding
the capability of carrying out registry functions in
community-based practices. In this study, about 80% of
physicians reported being able to generate registries of patients
according to diagnoses, but nearly half of al physicians in
ambulatory care practice in Massachusetts could not create
registries by medication or laboratory result.

Having EHRs was strongly associated with the reported ability
to generate registries based on diagnosis, laboratory test result,
or medication, but even among EHR users, 14% could not
generate lists of diagnoses, 33% could not do so for |aboratory
tests, and 28% could not do so for medications. Furthermore,

JMed Internet Res 2009 | vol. 11 |iss. 3|31 | p.191
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

we found that physicians who reported active use of key EHR
functions were considerably more likely to report being able to
generate registries. Thus, these data suggest that EHRS appear
important for delivering care using registries, and that most but
not all EHR userscould generate registries using their electronic
records.

We are uncertain about why some physician practices with
EHRswere unableto create registries. Many of these practices
reported using EHRs which we knew to have this capability. It
is likely that at least some of the EHR users who reported an
inability to generate registries actually have the ability to
generate them using their EHR, but are unaware of the feature.
This suggests that improvements in documentation, training,
and ease of use to help more physicians take advantage of the
existing registry capabilities of their EHRs may be useful.

We were also a bit surprised by the relatively high proportion
of EHR non-userswho reported being ableto generateregistries.
We are uncertain asto the mechanism employed by these users,
since our survey did not ask them to explain how they were
generating registries. These users may have been using
retrospective chart review, prospective tracking, or analysis
based on administrative data (such as billing and claims datain
a practice management system). Each of these methods has a
significant downside. Retrospective chart review is extremely
time-consuming and error prone; prospective tracking requires
criteria to be developed in advance; and non-clinical data are
often less sensitive and specific than clinical data.

Taken together, our findings rai se concerns about the ability of
many ambulatory care practices, particularly the majority of
practices without EHRSs, to provide effective care for their
patients on apopulation level. Physicians and practices need to
consider population-level care management, not only as an
essential component to effective practice within the Chronic
Care Model [2,3], but also as a necessary tool for responding
to the exigencies of forces driving quality improvement, such
as pay-for-performance. Without EHRS, and without active and
effective use of key features in robust EHRs [16], physicians
and practices will have much greater difficulty in efficiently
delivering safe and effective care for patients with acute and
chronic problems.

EHRs can and should either include the inbuilt ability to query
across patient records by a variety of criteria, or support
extracting patient data which can be fed into other applications
which do this. The ability to generate registries by diagnosisis
common in many commercial EHR systems. In fact, it is a
requirement of the 2007 and 2008 Certification Commission
for Health Information Technology (CCHIT) criteria for
ambulatory EHR certification [17]. However, such certification
is voluntary, and many commercial products are not certified,
or are certified under the older 2006 criteria, which did not
requirethe availability of registry functions. CCHIT certification
isvalid for only three years, however, so as products certified
under the 2006 criteriaare re-certified under the current criteria,
this gap will close. Also, although certification is voluntary,
there are increasing incentives (or, in some limited cases,
mandates) encouraging use of CCHIT-certified products, so the
use of non-certified products which may not have registry

http://www.jmir.org/2009/3/e31/
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capabilitiesislikely to belessened over time[18]. Furthermore,
just because an EHR can be used to generate a registry, the
software does not always make it easy or user-friendly for a
provider to do so. However, even when EHRs do not come
“pre-loaded” with the ability to generate registries, the
organization of patient information in structured fields in an
electronic format facilitatesthe creation of registriesmoreeasily
than in paper-based systems.

It is also worth noting that the ability to create registriesin an
EHR is generally predicated on the use of structured
documentation features within the EHR. For example, if a
clinician documents patient problems only in unstructured
clinical notes, it is nearly impossible in most commercially
available EHRs to build medication registries based on this
unstructured information. However, if the clinician uses a
structured medication list with a controlled medication
vocabulary, generating such a registry becomes much easier.

Finally, our survey was conducted in 2005. Since then, adoption
of EHRsin ambulatory practices hasincreased somewhat [19],
though is still far from universal. Since our data suggest that
physicians with EHRs are more able to generate registries than
non-users, we expect that the current ability of physicians to
generate such registriesislikely now higher than it wasin 2005.
Moreover, the capabilities of EHR systems, asarule, increase
over time, so we likewise expect that EHR usersare morelikely,
today, to be able to generate registries than they were in 2005.

Implications

Our findings have several important implicationsfor physicians,
for the health care system, and for developers of electronic
health records. Because our findings suggest that the ability to
generateregistriesislessthan universal, and because generating
registries is integral to quality and safety enhancing activities,
it may be necessary to take steps to increase these capabilities
in office practice. Providing physicians and practices with
training and activities to increase awareness of the role of
generating registries may be beneficial, but these changes are
unlikely to be sufficient. Incentivesalso likely play animportant
role; physicians are more likely to adopt and use registry
functions if financial incentives are in place to do so [20]. As
pay-for-performance initiatives become more prevalent,
physicians are likely to embrace the use of registries as a
foundation for building practice-level population management
capabilities. Our findings also show that EHR users are more
likely to be able to generate registries than non-users, so
incentives aimed at EHR adoption alone are also likely to have
apositive effect on registry capabilities.

Limitations

The study has several limitations. First, our survey was limited
to physicians in ambulatory care in Massachusetts, and the
results may not be generalizable to other states or regions.
However, given that Massachusetts is a state in which more
than 45% of physicians have EHRs [15], the large proportions
of physiciansand practicesreporting inability to perform registry
functionsin thisstudy arelikely to be evenlarger in other states,
where EHR adoption has lagged. As such, the need to consider
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efforts to adopt EHRs and expand their use may have even
greater imperative in other regions.

Another limitation is the self-reported nature of survey studies
such asours. We are, of course, not truly measuring physicians
abilities to generate registries, but instead their self-reports of
the ability to generate three specific types of registries. This
raises the possibility of social desirability bias influencing
physicians’ responsesto survey questions. However, if thisbias
were present, then one might expect that physicians
overestimated their abilitiesto perform registry functions, which
would mean that even fewer physicians than reported have the
ability to generate registries. Also, our survey asked providers
how easily they could perform registry functions but did not
ask how frequently they actually did perform such functions,
or for what purposes and with what results. It is important to
note that, among those practicesthat reported the ability to make
these registries, we do not know the frequency with which they
did so. It ispossible that some practices, although ableto create
the registries, never actually do. Future qualitative and
guantitative studies should explore how physicians and practices
are using registries, as well as the barriers to, and facilitators
of, effective use of these important tools. Intervention studies
will then be ableto test strategiesfor improving physicians’ use
of registries to improve quality of care and patient safety.

Wright et a

Finally, our survey was limited to registries of diagnoses,
medications and lab results. Other types of registriesexist, such
asregistries of patientsreceiving aparticular surgical procedure,
which are often used for tracking quality and outcomes, tumor
registries, and registries of implanted devices, such as
implantable cardiac defibrillators or pacemakers, which are
important in the event of arecall. Such registries are generally
used in specific specialties, and it would be worthwhile to survey
specialists about their use of these special-purpose registries.

Conclusion

Whileregistry functions are available to many physicians, their
availability isfar from universal. Because generating registries
is essential for population health management activities
associated with improved quality, safety, and efficiency, it is
important that their availability increase. Adoption of EHRsS
appearsto be auseful step toward thisend, since practiceswith
EHRs are significantly more likely to be able to carry out
registry functions. CCHIT should intensify and expand its
requirementsfor registry function capabilities, and commercial
EHR products without these capabilities should be extended to
provide them. Health policy makers and health care leaders can
then develop and disseminate strategies for using registries for
improving patient safety and the quality of health care.
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Abstract

Background: Internet and computer use are increasingly common |eisure-time sedentary behaviors, which have the potential
to impact negatively on health outcomes. However, little is known about the extent to which adults’ Internet and computer use
is associated with weight status and time spent in leisure-time physical activity.

Objective: The objective is to examine associations of leisure-time Internet and computer use with overweight and obesity,
leisure-time physical activity, and other sedentary behaviors.

Methods: Participants (2650 adultsliving in Adelaide, Australia) completed a mail-back questionnaire including items on their
height and weight, past seven day recall of leisure-time physical activity, Internet and computer use, and other leisure-time
sedentary behaviors. Leisure-time Internet and computer use was categorized into no use, low use (less than three hours per
week), or high use (three hours or more per week).

Results: Participants with low leisure-time Internet and computer use had the highest levels of educational attainment and
employment, and engaged in less other sedentary behaviors when compared to participants with no or high Internet and computer
use. Multinomial logistic regression, adjusted for gender, age, employment, education, other sedentary behaviors and physical
activity, determined that participants with a high leisure-time Internet and computer use were 1.46 (95% CI = 1.10 - 1.93) times
more likely to be overweight (BM1=25 and < 30 kg/mz) and 2.52 times more likely (95% Cl = 1.82 - 3.52) to be obese (BM1=30

kg/m?), compared to those who reported no Internet and computer usein their leisure-time. Adults with high leisure-time Internet
and computer use were more likely to be overweight or obese even if they were highly active in their leisure time (OR = 1.86;
95% Cl = 1.21 - 2.88), as compared to participants who did not use the Internet or computer. Leisure-time physical activity levels
were largely independent of Internet and computer use.

Conclusion: These findings suggest that, apart from nutritional and physical activity interventions, it may also be necessary to
decrease time spent in sedentary behaviors, such as leisure-time Internet and computer use, in order to reduce the prevalence of
overweight and obesity. Future Internet interventions to reduce weight or increase physical activity may need to differentiate
between participants with different levels of Internet usein order to increase their effectiveness. Longitudinal studies are required
to examine further the potential causal relationships between the development of overweight and specific sedentary behaviors
such as Internet and computer use.

(J Med Internet Res 2009;11(3):€28) doi:10.2196/jmir.1084
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Introduction

Many studies have shown that physical inactivity is associated
with higher levels of overweight and obesity and that physical
activity is essential in the prevention and treatment of
overweight and obesity [1,2]. Recently, this evidence has led
to the development of specific physical activity guidelines for
overweight and obese people [3,4] which state that 60 to 90
minutes of daily moderate to vigorous physical activity are
necessary to lose weight or to maintain weight 10ss.

There are strong adverse associations between time spent in
sedentary behaviors and different health indicators [5-7],
including theincreased likelihood of being overweight or obese
[6,8-10]. It is now generally accepted that “ sedentariness’ and
physical (in)activity are two distinct classes of behavior, each
with their own determinants[11]. They haveindependent effects
on total energy expenditure, weight, and metabolic variables
[10].

However, most of the evidence on associations between
sedentary behavior and health outcomes, such as weight status
and levelsof physical activity, is specific to time spent watching
television [5,6,8,10,12], which is the most commonly studied
leisure-time sedentary behavior. Associations of health outcomes
with other sedentary behaviors such as Internet and computer
use remain largely unknown. In Australia, more than 70% of
the population has accessto the Internet, and this number is till
increasing [13]. Internet and computer use are increasingly
common leisure-time sedentary behaviors [13,14] which have
the potential to impact negatively on health, independent of
other sedentary behaviors. Extensive use of the Internet and
computers may also displacetime spent in leisure-time physical
activity.

Several studies have examined the associations between
leisure-time Internet and computer use, physical activity, and
levels of overweight/obesity in children and adolescents, with
inconsi stent outcomes. Some studies show that high leisure-time
Internet and computer use is associated with higher Body Mass
Index (BMI) and lower physical activity levels [15-18]; other
studies are not able to confirm this [19-21]. However, to our
knowledge no studies have evaluated these relationships in
adults.

Further, little is known about how sedentary behaviors relate
to each other. In relation to health outcomes, it is important to
know whether high leisure-time Internet and computer useisa
marker for high levels of other sedentary behaviors. It may be
that leisure-time Internet and computer use is related to poor
health outcomes due to its association with a broader pattern of
sedentary behavior. A study by Sugiyama et a [22]
demonstrated that, in women, time spent watching TV was
associated positively with time in other sedentary behaviors.
To our knowledge, no studies have evaluated how Internet and
computer use relate to other sedentary behaviors.

http://www.jmir.org/2009/3/e28/

The aim of this study isto examine associations of Internet and
computer use, specifically in leisure time (excluding
occupational computer use), with overweight and obesity,
leisure-time physical activity, and other sedentary behaviors,
in alarge socialy-diverse sample of Australian adults.

Methods

Participants and Procedures

This study is part of an observational epidemiological study
(PLACE: Physical Activity in Localities and Community
Environments) conducted in urban areas of Adelaide, Australia
during 2003 - 2004. Detailed methods of the study have been
described el sawhere [23,24]. Briefly, astudy samplewasdrawn
from residential addresseswithin 32 neighbourhoodswhich are
known to vary in socio-economic status. |n each neighbourhood,
250 addresses were randomly selected and sent a letter of
invitation to participate. Eligible respondents (English speaking,
aged between 20 and 65, residing in private dwellings, and able
to walk without assistance) who agreed to participate were
mailed a survey that included questions about Internet and
computer use, other sedentary behaviors, physical activity, body
weight, height, and socio-demographic characteristics.
Participant recruitment and data collection were handled in a
series of waves, between July 2003 and June 2004, in order to
obtain data from respondents across the range of seasons. A
total of 2650 eligible participants returned the questionnaire.
The return rate for those who completed the survey, as a
proportion of those known to be contacted was 74.2%. The
Behavioral and Social Sciences Ethics Committee of the
University of Queensland approved the study.

M easures

Leisure-Time Internet and Computer Use

Participants reported leisure-time Internet and computer use as
part of ameasurement tool ng total leisure-time sedentary
behavior in the last seven days. For each sedentary activity, the
tool asks“How many days did you do this activity in the last 7
days’, followed by “On average, how many minutes did you
dothisactivity onthedaysyou did it”. Thisinstrument has been
shown to have acceptable reliability and validity, especially for
Internet and computer use [25]. To evaluate the validity of this
measure, three-day sedentary behavior logswere collected from
130 participants. The Spearman rank-order correlations showed
that, compared with the three-day log, the last seven day recall
measure was acceptable for Internet and computer use (p = 0.6).
Test-retest reliability was evaluated in a sample of 145
participants. Intra-Class Correlations (I CC) indicated acceptable
agreement for Internet and computer use (ICC = 0.62). The
amount of leisure-time Internet and computer use was split into
three categories: no, low (less than three hours per week), and
high (three hours or more per week) Internet and computer use.
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Body Mass Index (BMI; kg/m?) was calculated using
self-reported height and weight and was categorized as either

normal weight (< 25 kg/m?); overweight (= 25 and < 30 kg/m?)

or obese (= 30 kg/m?). BMI was also used as a continuous
variable.

Leisure-time physical activity was assessed using thelong-form
(31items) International Physical Activity Questionnaire (IPAQ)
[26]. Participants reported the number of days per week and the
time spent per day on walking, as well as vigorous-intensity
and moderate-intensity leisure-time activities, during the last
seven days. The amount of leisure-time physical activity was
split into three categories: low (less than one hour per week),
medium (between one and three hours per week), and high (three
or more hours per week) leisure-time physical activity.

Other Leisure-Time Sedentary Behaviors

The instrument applied to measure Internet and computer use
[25] was al so applied to measure thetotal of “other leisure-time
sedentary behaviours[sic]”. Thisvariable included time spent:
reading, sitting when talking to friends or listening to music,
talking on the phone, playing video games, watching television,
and driving or riding in a car; it did not include Internet and
computer use. The amount of other sedentary behaviors was
split into: low (less than 2.5 hours per day), medium (between
2.5 and 5 hours per day), and high (5 or more hours per day).

Statistical Analysis

One-way ANOVA and Chi-squaretestswere used for analysing
differencesin socio-demographic factors according to different

Vandel anotte et al

categories of Internet and computer use. Multinomial logistic
regression analyses were conducted to estimate associations of
Internet and computer use with overweight and obesity (model
1), leisure-time physical activity (model 2), and other sedentary
behaviors (model 3). The modelswere adjusted for age, gender,
employment, level of education, overweight and obesity (only
in models 2 and 3), other sedentary behaviors (only in models
1 and 2), and leisure-time physical activity (only in models 1
and 3). Binary logistic regression was conducted to estimate
the odds ratios of being overweight or obese, comparing levels
of Internet and computer use (no, low, and high Internet and
computer use) and physical activity (low, medium, and high
leisure-time physical activity). Thismodel was adjusted for age,
gender, education, employment, and other sedentary behaviors.
Analyseswere conducted using SPSSversion 13.0. Significance
was accepted at an alphalevel of 0.05.

Results

Samplesizewas 2532 (1554 women, 978 men), after excluding
missing valuesfor Internet and computer use (n=118). Average
leisure-time Internet and computer use was 125.3 minutes per
week (SD: 273.3). Table 1 shows socio-demographic
characteristics for the total sample according to Internet and
computer use. Participants with low Internet and computer use
had the highest levels of educational attainment and
employment, were younger, and participated in less other
sedentary behaviors compared to participants with either high
Internet and computer use or no use. Participants with high
Internet and computer use had the highest BMI compared to
the other groups and were more likely to be male.

Table 1. Sample characteristics for total group and according to computer and Internet use categories (mean = SD or %)@

Total Sample No Internet or Low Internet and High Internet and P-value
(N =2650) computer use computer use computer use
(N =1093) (N =983) (N= 456)

Sex (% female) 64.0 68.7 65.4 50.1 <.001
Age (yr) 445+123 458+ 118 428+124 441+ 127 <.001
College or university degree (%) 46.3 36.9 55.8 51.0 <.001
Employed (%) 69.2 62.9 77.0 67.6 <.001
Leisure-time physical activity (hrs'week) 3.3+ 4.5 3.1+47 3.6+45 32+43 ns
Body Mass Index (kg/m?) 263+6.4 25959 25956 275+ 83 <.001
Other sedentary behaviours (hrs/week) 27.6+16.9 275+18.2 256+ 14.3 322+182 <.001

8Chi-squared and one-way ANOVA were used to examine differences between categories; nsis not significant.

Overweight and Obesity by Internet and Computer
Use

As shown in Table 2, leisure-time Internet and computer use
was significantly associated with overweight and obesity.
Compared to participantsthat reported no Internet and computer
use, participants with low Internet and computer use were 1.3
times more likely to be overweight and 1.4 times more likely
to be obese, and participants with high Internet and computer

http://www.jmir.org/2009/3/e28/

use were 1.5 times more likely to be overweight and 2.5 times
more likely to be obese.

Leisure-Time Physical Activity by Internet and
Computer Use

Leisure-time physical activity was largely independent of
leisure-time Internet and computer use. However, participants
with low Internet and computer use were 1.3 times more likely
to do more than three hours of leisure-time physical activity,
when compared to non-users.
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Other Leisure-Time Sedentary Behavior s by Internet
and Computer Use

Participants with low and high leisure-time Internet and
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computer use were respectively 1.8 and 2.5 times more likely
to engage in more than five hours of other sedentary behaviors
per day, when compared to participants that did not use the
Internet and computer.

Table 2. Multinomial logistic regression models predicting overweight or obesity, leisure-time physical activity, and other sedentary behaviors by

computer and Internet use®

OR (95% Cl) OR (95% Cl)
Model 1. Weight status Normal weight Overweight Obese
(N =1187) (N=783) (N = 442)
Internet and computer use
No use Reference 1.00 1.00
Low use Category 1.30 (1.01 - 1.56)° 1.45(1.10- 1.92)°
High use 1.46 (1.10 - 1.93)° 2.52 (1.81- 3.51)°
Model 2; Leisure-time Physical Activity (LTPA) Low LTPA Medium LTPA High LTPA
(N = 1375) (N=721) (N = 429)
Internet and computer use
No use Reference 1.00 1.00
Low use Category 1.12(0.87- 1.44) 1.28 (1.02 - 1.60)b
High use 0.81(0.60 - 1.12) 0.83(0.63- 1.11)
Model 3: Other Leisure-time Sedentary Behaviors Low LTSB Medium LTSB High LTSB
(LTSB) (N = 656) (N = 1045) (N = 557)
Internet and computer use
No use Reference 1.00 1.00
Low use Category 1.24(0.99 - 1.55) 1.79 (1.30 - 2.46)°
High use 0.99 (0.75- 1.30) 2.50 (1.75 - 3.57)°

8Regression models were adjusted for gender, age, employment, educational attainment, other sedentary behaviors, leisure time physical activity, and

BMI.
bp< .05
P <.001

Overweight and Obesity by Leisure-Time Physical
Activity by Internet and Computer Use

Figure 1 shows the odds ratios for being overweight or obese
were higher when leisure-time physical activity was lower
and/or when Internet and computer use was higher. For example,
participants with low leisure-time physical activity and high

http://www.jmir.org/2009/3/e28/

RenderX

Internet and computer use were 2.77 times (95% Cl = 1.86 -
4.12) more likely to be overweight or obese, and participants
with high leisure-time physical activity and high Internet and
computer use were 1.86 times (95% Cl = 1.21 - 2.88) more
likely to be overweight or obese, as compared to participants
with high leisure-time physical activity and participants who
did not use the Internet and computer.
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Figure 1. Theoddsratiosfor being overweight or obese (BMI = 25), according to combined categories of Internet and computer use (no, low, and high
leisure-time Internet and computer use) and physical activity (low, medium, and high leisure-time physical activity). The reference category is having
high leisure-time physical activity and not using the Internet and computer, for which the odds ratios are equal to 1. The significance levels on top of
the figure bars are differences in relation to the reference category: ** P < .01; *** P <.001
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Discussion

The main finding of this study is that leisure-time Internet and
computer use is strongly related to being overweight or obese,
wheresas it is largely independent of leisure-time physical
activity. After adjusting for socio-demographic variables,
leisure-time physical activity and other sedentary behaviors,
participantswho used the Internet and computer for three hours
or more in the last seven days were 1.5 times more likely to be
overweight and 2.5 times more likely to be obese compared to
non-users. Although there are no direct comparisonswith other
studiesfor these outcomesin adults, they arein linewith studies
that report that higher amounts of time in sedentary behavior
and television viewing are strongly associated with overweight
and obesity [5-10,12,27].

The strong associations of |eisure-time Internet and computer
use with overweight and obesity may in part be explained by
the association of leisure-time Internet and computer use with
other leisure-time sedentary behaviors. Participants who had
high Internet and computer use in their leisure time were 2.5
times more likely to engage in more than five hours of other
sedentary behaviors per day. Thisis consistent with a study by
Sugiyamaet al [22] which showed that time spent watching TV
was positively associated with other leisure-time sedentary
behaviors; however, this was only the case for women.

http://www.jmir.org/2009/3/e28/
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Our results showed that leisure-time Internet and computer use
was not strongly associated with leisure-time physical activity.
Contrary to what might be expected, participants with low
leisure-time Internet and computer use were dlightly morelikely
to bein ahigher leisure time physical activity category. While
it is difficult to explain this outcome, it might be argued that it
could be due to the higher socio-economic profile observed in
participants with low Internet use. It is generally the case that
those of higher socio-economic status are more physically active
[28]. However, the analyses controlled for educational
attainment and employment status, so such an interpretation
would not apply to our findings. Other than this particular
relationship, no associations between leisure-time Internet and
computer use and physical activity were observed. Thisfinding
is, thus, for the major part consistent with studies that showed
non-significant associations between Internet use and physical
activity in children and adolescents [19-21] and those between
TV viewing time and physical activity in adults [5,6,8-10,12].
From this perspective, the apparent paradox of increasing
physical activity using an intervention delivery mode that
promotes sedentary behavior (Internet and computer use)
appearsto beinvalid. Our results suggest that the timethat spent
taking part in Internet interventions is not likely to displace
leisure-time physical activity; hence, Internet interventions
should be considered as an acceptable method to increase
physical activity.
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Asmay be seenin Figure 1, acombination of high Internet and
computer use and low leisure-time physical activity was
associated with ahigher oddsratio of being overweight or obese.
Thisfinding is consistent with those of a study by Salmon et a
[12] in which higher levels of TV viewing in combination with
lower levels of physical activity participation were found to be
associated with being overweight or obese. This figure aso
shows that adults who use the Internet and computer for more
than three hours in their leisure time are significantly more
likely to be overweight, even if they are highly active in their
leisure time. Consistent with what was reported by Salmon et
a [12], these findings suggest that, in order to reduce the
prevalence of overweight and obesity, it may be important not
only to increase participation in physical activity, but also to
reduce time spent in sedentary behaviors, such as leisure-time
Internet and computer use.

Asthelevel of Internet penetration increases, its users become
more representative of the general population; thus, gender,
age, and socio-economic differences are diminishing [13].
Nevertheless, interesting socio-demographic profiles emerged
when leisure-time Internet and computer use were categorized
into different levels of usage. Our findings indicate that
participants with low leisure-time Internet and computer use
had the highest socio-economic profile, engaged in lesstimein
other sedentary behaviors and were slightly more likely to do
more leisure-time physical activity. On the other hand,
participants with high leisure-time Internet and computer use
had lower socio-economic profiles, engaged in more time in
other sedentary behaviors, had a higher BMI, and were more
likely to be male. This suggests that different levels of
leisure-time Internet and computer use are related to different
socio-demographic profiles and health behaviors.

Given the high prevalence of Internet use, and its potential
impact on health, it is important to address health issues for
Internet users. Internet interventionsto reduce weight or increase
physical activity are likely to be more effective if they take
differences among Internet users into account. Although a
substantial number of these Internet interventions have been
implemented, no studies reported that participants were targeted
differently based on their level of Internet and computer use
[29,30]. Our findings suggest that doing so might be important.
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More efforts should be put in targeting participants with high
Internet and computer use as compared to those with a low
Internet and computer use (less than 3 hours a week). As
indicated above, those with high Internet and computer use have
an unfavorable health risk profile, and thus potentially may be
more open to participating in such interventions, as they have
higher levels of computer use in their leisure time.

The major limitations of this study are that it relies on
self-reported measures and a cross-sectional design which does
not allow determination of the causal direction of the results.
More research, using objective measures and prospective study
designs, is needed to evaluate these associations. A further
limitation is that this study only investigated leisure-time
behaviors, this prevents evaluating the impact of using the
Internet and computer at work on physical activity and
overweight and obesity. Nevertheless, the associations observed
in this study indicate that the impact of Internet and computer
use, when only used in leisure time, is strong enough to have
an influence on health, and that thisimpact should be takeninto
consideration when developing new interventions targeting
these leisure-time behaviors.

In summary, high levels of leisure-time Internet and computer
use were associated with a higher BMI (even among those
engaging in a high level of leisure-time physical activity) and
higher levels of other leisure-time sedentary behaviors.
However, Internet and computer use was mostly unrelated to
leisure-time physical activity. These findings suggest that, in
addition to nutritional and physical activity interventions, it may
also be necessary to decrease time spent in sedentary behaviors
(including leisure-time Internet and computer use) in order to
reduce the risk of overweight and obesity. Furthermore, future
Internet interventions to reduce weight or increase physical
activity may need to differentiate between participants with
different levels of leisure-time Internet and computer use, in
order to increase their effectiveness. Our study is the first to
evaluate these specific associations; hence, more research is
needed to confirm these findings. More specifically, longitudinal
studies are required to examine further the potential causal
relationships between specific sedentary behaviors, such as
Internet and computer use, and weight gain.
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Abstract

Background: The quality of physician-patient communication is a critical factor influencing treatment outcomes and patient
satisfaction with care. To date, there is little research to document the effect of telemedicine (TM) on physician-patient
communication.

Objective:  The objectives of this study are to measure and describe verbal and nonverbal communication during clinical TM
consultations and to compare TM with in-person (IP) consultations in terms of the quality of physician-patient communication.

Methods: Veteran patients (n = 19) requiring pulmonary medicine consultations were enrolled into the study. The study group
included 11 patients from the Iron Mountain Veterans Affairs Hospital (VAMC) remote site. Patients had individual TM
consultations with a pulmonary physician at the Milwaukee VAMC hub site. A control group of 8 patients had | P consultations
with apulmonary physician at the Milwaukee VAMC. Video recordings of medical consultationswere coded for patient-physician
verbal and nonverbal communication patterns using the Roter Interaction Analysis System (RIAS).

Results:  There were no differences in the length of TM consultations (22.2 minutes) and P consultations (21.9 minutes).
Analysis of visit dialogue indicated that the ratio of physician to patient talk was 1.45 for TM and 1.13 for IP consultations,
indicating physician verbal dominance. Physicians were more likely to use orientation statements during | P consultations (P =
.047). Therewere greater requestsfor repetition from patients during TM consultations (P = .034), indicating perceptual difficulties.

Conclusions:  The study findings indicate differences between TM and IP consultations in terms of physician-patient
communication style. Results suggest that, when comparing TM and | P consultationsin terms of physi cian-patient communication,
TM visits are more physician centered, with the physician controlling the dialogue and the patient taking arelatively passiverole.
Further research is needed to determine whether these differences are significant and whether they have relevance in terms of
health outcomes and patient satisfaction with care.

(J Med I nternet Res 2009;11(3):€36) doi:10.2196/jmir.1193

KEYWORDS
Telemedicine; remote consultation; physician-patient relations

Dissatisfied patients are less likely to return for physicians
appointments, more likely to switch physicians, and morelikely

Physician-patient communication problemsareacommon cause  (© P& noncompliant with - recommendations [1]. Such
for patient dissatisfaction during in-person (IP) consultations. "onadherence contributes to unnecessary diagnostic testing,
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results in potentially harmful regimen changes, and leads to
wasted health resources [2-4].

Clinical telemedicine (TM) includes applications that use
communication technologies to link specialists at a tertiary
center to patients and primary providers at a remote site. It is
unclear how the physical separation between patient and
physicianinherent in TM consultations affects physi cian-patient
communication. A number of comprehensive reviews have
identified the need to evaluate physician-patient interactions
during TM consultations [5-7].

One objective of this pilot study is to describe the use of the
“Roter Interaction Analysis System” (RIAS) asacomprehensive
content coding methodol ogy for assessing verbal and nonverbal
communication during clinical TM consultations [1,8,9]. A
second objective is to identify potential differences in
physician-patient communication style during TM compared
to IP consultations.

Methods

Study Setting and Design

We conducted an observational pilot study to compare the
pattern of verbal and nonverbal  physician-patient
communication during TM and | P consultations. The study was
conducted at the Milwaukee VAMC and was approved by the
Ingtitutional Review Board. The Milwaukee VAMC, ateaching
affiliate of the Medical College of Wisconsin, isatertiary care
facility providing a full range of primary care and specialty
services for veterans residing in the greater Milwaukee area.
The Milwaukee VAMC provides TM services in medical
subspecialties (eg, pulmonary medicine, rheumatology, and
infectious disease) to the Iron Mountain VAMC in Michigan
[10,11]. Our study population was drawn from a group of
veteransreferred for pulmonary medicine consultations. Subjects
in the TM group (n = 11) were referred for TM consultation
from the Iron Mountain VAMC. Those in the control group (n
= 8) were referred for pulmonary IP consultation from the
Milwaukee VAMC. Informed written consent was obtained
from al subjects.

Participating Physicians and Nur ses

In the present study, 3 pulmonary specialists participated in
conducting TM and IP consultations at the Milwaukee VA.
These board certified specialists each had at |east two years of
experience in conducting TM consultations. To control for
physician variability, the same group of physicians (n = 3)
conducted both thelPand TM consultations. One of two nurses
was always present during the TM consultations at the Iron
Mountain remote site. These nurses are trained to assist with
TM examinations and are familiar with the equipment and
technology used during TM.

Telemedicine Consultation Process

TM consultations were performed between the pulmonary
specialists located at the Milwaukee VAMC telemedicine site
and the patient and trained nurse located at the Iron Mountain
VAMC telemedicine site. Consultations were conducted over
a live two-way audio and video conferencing system using a
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high-speed (384 kbps) telecommunication connection. The
Milwaukee VAMC used a Tandberg videoconference system
with 27-inch Sony monitors; the Iron Mountain VAMC used a
VTEL FRED unit with a27-inch monitor. The established sound
and video quality of TM was near perfect, and both partieswere
ableto changethefield of view by zooming in or out as needed.
The nurse at the Iron Mountain VA assisted the physician during
the physical examination. Electronic medical records of each
patient were available to the Milwaukee physicians by accessing
the VA's computer network, and an electronic progress note
for each consultation was entered into the patient’'s medical
record.

I n-Per son Consultation Process

Patients undergoing I P care at the Milwaukee VAMC are from
the Milwaukee metropolitan area. In our study, | P patientswere
checked in by aclinic nurse and placed in an examination room
previously set up with thevideo recording equipment. Physicians
conducted an IP medical interview and a hands-on physical
examination with the patients. No nurse was present in theroom
during these consultations. Physicians had access to electronic
medical records of each participating patient and entered an
electronic progress note for each consultation.

Data Collection

For TM examinations, a VCR was used to record the picture
and sound as viewed from the TM physician’s TV monitor in
Milwaukee. This 27-inch monitor displayed the image of the
remote site examination room in Iron Mountain, including a
full-body frontal view of the seated patient and an upper body
frontal view of the nurse seated behind a desk next to the patient.
In addition, a 5-inch diagonal picture-in-picture frontal view
image of the physician was projected in the upper-left corner
of the monitor. The | P consultations were recorded by adigital
camcorder equipped with awide-angle lens mounted on atripod
placed in the examination room. The camera and microphone
were placed in an unobtrusive manner, and both the patient and
physician were alerted to the presence of these devices. The
camcorder was set up in astandardized fashion, and the resulting
image included a full body, oblique view of both the seated
patient and the seated physician.

M easurement of Physician-Patient Communication

We used the Roter Interaction Analysis System (RIAS) to code
the medical dialogue. The RIAS treats a complete thought,
defined as a simple sentence, a sentence clause, a sentence
fragment, or single word, as the unit of analysis. A complete
thought may be categorized as one of 38 mutually exclusive
and exhaustive codes. Coding is done directly from video
recordings without transcription. In the current study, a nurse
was aways present during the TM consultations, and her
communication was coded separately from that of the TM
physician. In 8 of the 19 consultations, the patient was
accompanied by a companion, and his or her speech was aso
coded separately. RIAS coding was performed by trained coders
under the supervision of Dr. Roter (co-investigator) at Johns
Hopkins University. Dr. Roter trained coders in the use of the
RIAS System over several weeks, using a coding manual with
detailed definitions and annotated exampl es, and training tapes
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demonstrating standardized techniques. Inter-rater reliability
was calculated based on double coding of 20% sample by 2
independent and blinded coders. In the current study, reliability
ranged across categories roughly from 0.7 to 0.9, based on
Pearson correlation coefficients.

M easurement and Analysis of Nonver bal
Communication—Global Affect Ratings

In addition to verbal communication, the RIAS is also used for
coding nonverbal communication. In this study, we used RIAS
for coding of physician and patient global affect ratings. These
ratings were based on the emotional tone of each speaker for
the following dimensions: (1) angry or irritated, (2) anxious or
nervous, (3) depressed or sad (patient only), (4) emotionally
distressed (patient only), (5) dominant or assertive, (6) interested
or attentive, (7) friendly or warm, (8) responsive or engaged,
(9) sympathetic or empathetic, (10) hurried or rushed (physician
only), and (11) respectful. The global affect ratings were
performed by trained coders under the supervision of
co-investigator Dr. Roter at Johns Hopkins University. The
coders assigned an overall Likert score (1 = lowest and 6 =
highest) for each dimension for the wholeinteraction. Inter-rater
reliability, calculated as percentage agreement by double coding
of 20% random sample by 2 independent and blinded coders,
ranged from 87% to 100%.

Results

Descriptive Analyses of the Visit Dialogue

Visit length is associated with communi cation quantity (number
of utterances) and was measured for each IP and TM
consultation. Therewere no significant differencesin thelength
of consultations (P = 0.96), with IP visits averaging 21.9 + 7.6
minutes compared to 22.2 + 12 minutes for TM visits.
Descriptive analyses of the visit dialogue can be presented in
several ways. First, an overall “profile” of thevisitsin terms of
physicians’, nurses’, and patients communication is presented
in terms of counts of utterances (“utterance” is defined as a
statement or complete thought). The total number of utterances
(ie, “all talk™) across all participants (physician, patient, nurse,
and patient companion) was similar in the two consultation
modes (344 + 170 utterances during IP and 354 + 233 during
TM). During IPvisits, there were an equal number of physician
utterances (166 = 80) and patient utterances (166 * 88).
However, during TM visits, physicians accounted for a higher
number of utterances (178 + 118) as compared to patients (142
+ 127). As noted previously, the nurse was present during TM
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visits only and, on average, contributed 21 utterances (6%) to
the dialogue. The largest categories of nurse contribution
included orientations (5 utterances), agreements (3 utterances),
biomedical information (3 utterances), and closed medical
questions (2.5 utterances). A patient companion was equally
likely to be present in both IP and TM consultations: 3 of 8
(38%) IP visits and 5 of 11 (45%) TM visits. The verbal
contribution of the companion was similar in the two encounter
modes, accounting for an average of 7% (31 utterances) of
dialogue during IP visits and 9% (28 utterances) during TM
visits (P = .8). Most of the companion’s contribution to the
dialogue was in the provision of information to the physician
about the patient's medical symptoms (12 utterances),
therapeutic regimen (4.5 utterances), lifestyle and psychosocial
status (3 utterances), and agreements (3 utterances).

Verbal Dominance Ratio

Descriptive analyses of the visit dialogue can also be presented
as various ratios to capture relative amounts of talk. The ratio
of total number of provider utterancesto total number of patient
utterances is called the “verbal dominance ratio” and is a
summary  measure  of  “patient-centered’ versus
“physician-centered” style of communication. A verbal
dominance ratio of 1 indicates equal participation by patient
and physician and is indicative of a patient-centered interview
style, whereas a ratio of greater than 1 indicates a
physician-centered interview style. In this study, the physician
dominated the interview more during TM as compared to IP
visits (TM = 1.45vs. IP=1.13; t =-1.25, P = .23). When the
second provider (ie, the nurse) was included in the provider
portion of the ratio calculation, verbal dominance ratio for TM
was even higher (1.7). Dueto small samplesize, the differences
(TM vs. IP) in verbal dominance ratios were not statistically
significant.

Analyses of RIAS Content Categoriesfor Physician
and Patient Dialogue During TM and IP Visits

For the purposes of this study, each utterance made during the
visit by the patient, physician, and nurse was coded into one of
38 mutually exclusive and exhaustive RIAS categories. During
analysis, the 38 mutually exclusive content categories are often
combined into larger “ subsuming categories’ that share common
meaning [12]. In this study, 38 RIAS content categories were
combined into 10 larger subsuming categories. The number of
utterances (mean and SD) by the physician and the patient for
each subsuming communication category are presented in Table
1
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Table 1. Physician-patient verbal communication during TM and |P visits
Speaker Physician Patient
Type of Visit ™ IP ™ IP
RIAS Subsuming Communication Cate- N (SD) N (SD) t P N (SD) N (SD) t P
gory
Information-gathering, biomedical 29.1(189) 26.5(23.1) -0.26 .80 49(4.3) 4.6 (2.4) -1.84 .86
Information-gathering, psychosocial 4.9 (5.6) 4.8 (4.4) -0.07 .95 0.2 (0.6) 0.1(0.4) -0.26 .80
Information-giving, biomedical 71.1(56.6) 51(29.8) -1.00 .33 86.3(75.8) 97(58.9) 0.35 .73
Information-giving, psychosocial 1.4(2.4) 4.8(9.2) 1.02 .34 11.8(15.2) 12.8(17.3) 0.12 91
Positive talk 31(23) 27(23) -0.36 .73 24 (26) 32(19) 0.80 44
Negative talk 0.2 (0.4) 0.4 (0.5) 0.88 40 15(2) 0.8(2) -.98 34
Social talk 3.7(3 21(1.8) -1.46 .16 2.6(2.8) 1.3(14) -1.32 21
Rapport building/emotional responsive- 8.1 (9.1) 104(9.8) 0.52 .61 5.4 (5.4) 6.6 (7.2) 0.42 .69
ness
Partnership building 14.2(115) 123(75) -044 .66 19(3.1) 29(2.4) 0.76 46
Orientation statements 9.7 (8.9) 19 (9.4) 217 .047 09(1.25) 16(27) 0.78 46

I nfor mation-Gathering, Biomedical and Psychosocial

These RIAS categories include closed- and open-ended
guestions asked by patient and physician related to (1) medical
condition and therapeutic regimen (biomedical), and (2) lifestyle
and psychosocial topics. Overall, both patients and physicians
engaged in more biomedical than psychosocial information
gathering during both TM and IP visits. When comparing the
two consultation modes, there was no significant differencein
the amount of biomedical information gathered by physicians
(TM =29.1vs. IP=26.5; t =-0.26, P = .80) or patients (TM
=4.9vs. IP=4.6;t=-1.84, P =.86), or psychosocia information
gathered by physicians (TM =4.9vs. IP=438;t=-0.07,P =
.95) or patients (TM =0.2vs. IP=0.1; t =-0.26, P = .80).

I nfor mation-Giving, Biomedical and Psychosocial

These RIAS categories include information sharing by patient
and information sharing plus counseling by physician related
to (1) medical condition and therapeutic regimen (biomedical),
and (2) lifestyle and psychosocial topics. It was noted that both
physician and patient predominantly exchanged information
regarding biomedical versus lifestyle and psychosocia topics
during both IPand TM consultations. Physicians provided more
patient counseling and informati on sharing regarding biomedical
issues during TM as compared to P visits (TM = 71.1vs. IP=
51; t =-1.00, P = .33). Conversely, physicians made a greater
number of counseling statementsand provided moreinformation
on psychosocial and lifestyle issues during IP versus TM visits
(IP=48vs TM = 1.4; t = 1.02, P = .34). There was no
difference between TM and IP for patient information giving
for either biomedical (TM =86.3vs. IP=97;t=0.35, P =.73)
or psychosocial (TM =11.8vs. IP=12.8;t=10.12, P = .91)
categories. While none of the results in the information-giving
category reached statistical significance, the data suggest that
physician communication was more patient-centered (more
dialogue around psychosocia and lifestyle issues) during IP
visits and more physician-centered (more biomedical talk and
less psychosocial/lifestyle talk) during TM visits.
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Positive Talk, Negative Talk, and Social Talk

The category “positive talk” includes laughter, agreement, and
approval. Positive talk constituted a considerable portion of
total talk for both physicians and patients (TM = 17.9%, SD =
5.3; 1P =18%, SD = 4.8), there was no difference in physician
tak (TM =31 vs. IP=27;t=-0.36, P = .73) or patient talk
(TM =24 vs. IP=32; t = 0.80, P = .44) in this category when
comparing the two visit types. “Negative talk” includes
statements of disagreement and criticism. Such talk wasrarely
engaged in, and there was no significant difference in this
category for physicians (TM =0.2vs. IP=0.4;t=0.88, P =
40) or patients (TM = 1.5vs. IP=0.8; t =-0.98, P = .34) when
comparing the two visit types. “Socia talk” includes all
nonmedical dialogue. Physicians and patients use social talk
during medical visits to develop rapport and display interest.
Social talk was infrequent overall. Although more social talk
occurred during TM visits, there was no significant difference
inthiscategory for physicians (TM =3.7vs. IP=2.1; t =-1.46,
P = .16) or patients (TM = 2.6 vs. IP=1.3;t=-1.32, P =.21)
when comparing the two visit types.

Rapport Building/Emotional Responsiveness and
Partner ship Building

The RIAS category “rapport building/emotional responsiveness’
includes instances in which the patient or physician shows
concern or asksfor or providesan opinion or reassurance. There
was no difference between TM and I P visitsfor physicians (TM
=8.1vs. IP=10.4;t=0.52, P =.61) or patients (TM = 5.4 vs.
IP=6.6;t=042 P =.69) in this category. “Partnership
building” includes verbal communication that indicates
understanding, as well as instances in which the patient or
physician paraphrases or interprets the other’s talk. There was
no difference in partnership building between TM and IP visits
for physicians (TM = 14.2 vs. IP=12.3; t =-0.44, P = .66) or
patients (TM = 1.9vs. IP=29;t=0.76, P = .46).
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Orientation Statements

This category includes physician statementsthat tell the patient
what is expected during the consultation or what is about to
happen (eg, “I am going to check your pulse now.”), aswell as
statements that serve to orient the patient to major topics of
discussion or the physical flow of the visit. Physicians used
fewer orientation statements during TM (9.7) as compared to
IP (19) visits (t = 2.17, P = .047). Overall, patients made few
orientation statements (eg, requests for instructions related to
flow of thevisit and physical exam) and therewasno difference
when comparing the two visit types (TM = 0.9vs. IP=1.6;t =
0.78, P = .46).

Requestsfor Repetition and Unintelligible Utterances

Requests for repetition are statements (eg, “What?’ “Come
again?’ “How isthat?’ “Would you repeat that?’) in response
to instances in which one participant has not clearly heard or
understood another’s words or statements. Such requests are
indicative of perceptual difficulties. Utterances are coded as
“unintelligible” when the coder is unable to understand what a
participant (eg, patient or physician) has said. These two
categories are not part of the subsuming Roter categories (Table
1) used in this study. However, we coded and analyzed TM vs
IP data for these categories to detect any differences in clarity
of physician-patient verbal communication, asthe effect of TM
technology on the quality of communication is an area of
concern. Patients made significantly more requestsfor repetition
during TM visits (TM = 1.64 vs. IP=.38; t =-2.33, P =.034).
Physicians also made more requests for repetition during TM,
although the difference was not statistically significant (TM =
A45vs. IP=.00; t =-2.19, P = .053). Unintelligible utterances
in physician dialogue were more common during IP visits (TM
=.27vs. IP=3.75; t = 2.66, P =.031). There was no significant
differencein the number of unintelligible utterances by patients,
when comparing the two consultation modes (TM = .91 vs. IP
=2.38;t=1.16, P =.28).

Nonverbal Communication

The RIAS was used for globa ratings of the emaotiona tone
(nonverbal communication) of both the patient and physician.
Based on vocal qualities, coders captured the global ratings (ie,
asingle rating for the entire visit) of emotional affect for both
the patient and physician on 11 affective dimensions (anger,
anxiety, sadness, distress, dominance, interest, friendliness,
responsiveness, sympathy, hurried, and respectful) for each IP
and TM visit. There were no significant differences noted in
global affect ratings for physicians (TM =24 vs. IP=24;t=
-0.15, P =.88) or patients (TM =2.3vs. IP=2.2;t=-1.17,P
= .26) during either type of visit.

Discussion

A popular conceptual model used to describe physician-patient
communication defines communication styles as either
“physician-centered” or “patient-centered.” Physician behaviors,
such as gathering of information via closed-ended questions,
testing hypotheses to make a diagnosis, giving medical
directions, and controlling the visit, represent a
“physician-centered” style of communication. The patient’srole

http://www.jmir.org/2009/3/e36/
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istolisten, follow the physician’sdirections, and play apassive
role during the medical encounter. Thistype of communication
isless successful in addressing the needs of the patient [13-15].
Conversely, a “patient-centered” style of communication is
characterized by physician behaviors such as asking open-ended
questions, partnership building, shared decision making,
information sharing, counseling, and using statements of
concern, agreement, and approval. The patient’s role is to
participate actively in making decisions, to express opinions or
concerns about his or her health, and to ask for information.
This styleis more successful in addressing patient needsand is
associated with higher patient satisfaction, better psychosocial
adjustment, and improved health outcomes [13-19].

The findings of this study suggest that the use of TM does
influence patient-physician communication style. During TM
visits, physicians were more likely to dominate the dialogue,
as evidenced by a higher verbal dominance ratio (TM = 1.45
vs. IP=1.13;t =-1.25, P = .23). In addition, both physicians
and patients were more likely to address biomedical topics
during TM visits (topics associated with a physician-centered
style of communication), while discussion around psychosocial
and lifestyle issues (topics associated with a patient-centered
style of communication) was limited. Thesefindings corroborate
those reported by Street et al’'s [6] study in which content
analysis of 26 TM consultations between speciaists, primary
care physicians, and patients showed that the specialists were
the dominant communicators in terms of asking questions and
displaying controlling behavior.

Clinical TM consultations fundamentally differ from IP
encounters due to the physical separation of physician and
patient. Direct physical examination and interview are not
possible, and a virtual environment replaces the familiar
physician’soffice. It ispossiblethat the physical separation and
the lack of the hands-on physical examination reinforce a
“physician-centered” interview style observed during TM
consultations. Whether such differences in communication,
particularly in the absence of the hands-on examination, have
an effect on quality of care, health outcomes, and future patient
utilization of TM is not known.

We observed patients to be less engaged (less talkative) and
more likely to take on a passive role during TM as compared
to IP visits. It is possible that poor patient participation and
communication during TM visits are due to the lack of
familiarity with technology and the perception of physician
detachment due to the inherent physical separation. Patient
concerns about privacy and confidentiality during TM
consultationsmay further inhibit patient participation, especially
if the dialogue involves collecting data on sensitive or personal
topics (eg, sexual history).

Clinical TM consultations frequently involve a three-party
communication exchange between aspecialist at atertiary site,
and a patient and second provider at a remote site. In Street’s
study, the presence of areferring primary care physician was
linked to inhibited patient communication and lack of direct
engagement with the consulting physician [6]. While it is
possible that the presence of a second provider may result in
poor patient participation [6], it isalso possiblethat this presence
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helps promote confidence during TM, as patients feel they are
getting attention from two heath care professionals (two
physicians or aphysician and anurse) versusonly one physician
during IP visits [20]. In our study, a trained clinical nurse
assisted the patient during each TM consultation. On average,
the nurse contributed only 6% of al utterances during the TM
visit and wastheleast verbally active participant. It appearsthat
the presence of atrained nurse provider instead of a referring
physician may be less detrimental to communication between
the patient and the TM physician.

The present study results suggest that TM visits are less patient
centered than IP visits. In contrast, results of studies that use
patient self report to measure patient satisfaction often indicate
high patient satisfaction with TM [21]. We believe that anumber
of patient factors may explain these differences between
third-party evaluation of communication during TM, asin the
present study, and patient self report of satisfaction. Patients,
in general, are likely to view their medical care in afavorable
light. In addition, it is possible that patient expectations for
quality of communication are different when it comes to TM
versus | P care (ie, patients may have alower expectation from
TM consultation and therefore be less critical of shortcomings
in communication). Convenience of TM may also play arole.
A number of studies have reported high patient satisfaction with
TM because it is convenient (reduced travel) and improves
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patient access to specialist physician care [21]. Patients may
also have a positive perception of TM due to the use of latest
technology, hence promoting confidencethat they arereceiving
highest quality care. Infatuation with the use of technology
during medical care has been reported in the TM literature.
Baigent et al [22] and Gammon et a [23] found that patients
reported enjoying video consultations and were inspired by the
use of technology. In addition, the presence of a second provider
during TM may be viewed positively by patients, who perceive
it as more attention—two health care professionals (two
physicians or aphysician and anurse) versusonly one physician
during IP visits [20].

Study Limitations

The study is small and exploratory with obvious limitationsin
terms of experimental design and statistical power. Nevertheless,
the study provides a framework for detailed observations and
description of patient-physician communication during TM
consultations that can be useful in the design of future research
in this area. Undoubtedly, the quality of interaction during TM
and its potential impact on health care outcomes is an area of
growing importance. Further research is needed to help fill the
current gaps in the literature and to develop specific
interventions that can improve the quality of communication
during TM encounters.
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Abstract

Background: Both healthy and sick people increasingly use electronic media to obtain medical information and advice. For
example, Internet users may send requests to Web-based expert forums, or so-called “ask the doctor” services.

Objective: To automatically classify lay requeststo an Internet medical expert forum using acombination of different text-mining
strategies.

Methods: We first manually classified a sample of 988 requests directed to ainvoluntary childlessness forum on the German
website“Rund ums Baby” (“ Everything about Babies") into one or more of 38 categories belonging to two dimensions (“ subject
matter” and “expectations’). After creating start and synonym lists, we calculated the average Cramer's V dstatistic for the
association of each word with each category. We also used principle component analysis and singular value decomposition as
further text-mining strategies. With these measures we trained regression models and determined, on the basis of best regression
models, for any reguest the probability of belonging to each of the 38 different categories, with a cutoff of 50%. Recall and
precision of atest sample were calculated as a measure of quality for the automatic classification.

Results: According to the manual classification of 988 documents, 102 (10%) documents fell into the category “in vitro
fertilization (IVF),” 81 (8%) into the category “ovulation,” 79 (8%) into “cycle,” and 57 (6%) into “ semen analysis.” These were
the four most frequent categories in the subject matter dimension (consisting of 32 categories). The expectation dimension
comprised six categories; we classified 533 documents (54%) as “general information” and 351 (36%) as a wish for “treatment
recommendations.” The generation of indicator variables based on the chi-square analysis and Cramer’s V proved to be the best
approach for automatic classification in about half of the categories. In combination with the two other approaches, 100% precision
and 100% recall were realized in 18 (47%) out of the 38 categories in the test sample. For 35 (92%) categories, precision and
recall were better than 80%. For some categories, the input variables (ie, “words") also included variables from other categories,
most often with a negative sign. For example, absence of words predictive for “menstruation” was a strong indicator for the
category “pregnancy test.”

Conclusions: Our approach suggests a way of automatically classifying and analyzing unstructured information in Internet
expert forums. The technique can perform apreliminary categorization of new requestsand help Internet medical expertsto better
handle the mass of information and to give professional feedback.

(J Med Internet Res 2009;11(3):€25) doi:10.2196/jmir.1123
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Introduction

Both healthy and sick people increasingly use electronic media
to obtain medical information and advice [1]. Internet users
actively exchange information with others about subjects of
interest or send requests to Web-based expert forums, or
so-caled “ask the doctor” services [2,3]. They want to
understand specific diseases, to be informed about new
therapies, or to ask for a second opinion before they decide on
atreatment [4-6]. In addition, these expert forums al so represent
seismographs for medical and/or psychological needs, which
are apparently not met by existing health care systems [5, 7].

In the past, emails, e-consultations, and requests for medical
advice via the Internet have been manually analyzed using
guantitative or qualitative methods [1-6]. To facilitate the work
of medical experts and to make full use of the seismographic
function of expert forums, it would be helpful to classify
visitors' requests automatically. By doing so, specific requests
could be directed to the appropriate expert or even answered
semiautomatically, thereby  providing comprehensive
monitoring. By generating “frequently asked questions (FAQS),”
similar patient requests and their corresponding answers could
be collated, even before the expert replies. Machine-based
analyses could help both thelay public to better handle the mass
of information and medical experts to give professional
feedback. In addition, this method could be used to help policy
makers recognize the health needs of the population [8].

Text mining [9] is amethod for the automatic classification of
large volumes of documents, which could be applied to the
problem at hand. Thistechnique usually consists of finite steps,
such as parsing a text into separate words, finding terms and
reducing them to their basics (“truncation") followed by
analytical procedures such as clustering and classification to
derive patternswithin the structured data, and finally evaluation
and interpretation of the output. Typical text-mining tasks
include, besides others, text categorization, concept/entity
extraction, sentiment analysis, and document summarization.
This technique has been successfully applied, for example, in
automatic indexing, ascertaining and classifying consumer
complaints, and handling changes of address requests sent to
companies by email. Text mining is also used in genome
analysis, media analysis, and indexing of documents in large
databases for retrieval purposes[8-11].

An automatic classification of lay requests to medical expert
Internet forums is a challenge because these requests can be
very long and unstructured as a result of mixing, for example,
personal experiences with laboratory data. Very often, people
simply require psychological help or are looking for emotional
reassurance. Such heterogeneous samples of requests appear in
the section “Wish for a Child” on the German Rund ums Baby
(Everything about Babies) website [12], which provides
information for parents, potential parents, and infertile couples.

http://www.jmir.org/2009/3/e25/

Although involuntary childlessnessisnot the focus of this paper,
some introductory notes on this condition may be helpful.
Infertility leading to involuntary childlessnessis defined asthe
inability of acoupleto achieve conception or bring a pregnancy
to term after a year or more of regular, unprotected sexual
intercourse. Infertile couples may pass through different stages
of reactions and feelings, which include shock, surprise, anger,
helplessness, and loss of control. Feelings of failure,
embarrassment, shame, and stigmatization may lead to social
isolation and to a breakdown in communication between the
couple, including depressive reactions, anxiety, emotional in-
stability, diminished self-confidence, sexual problems, and
conflicts [13].

The vast majority of cases of male infertility are due to alow
sperm count, often associated with poor motility and ahigh rate
of abnormal sperm. However, in a large number of patients
(25% to 30%), it is not possible to determine the cause of the
problem. The main causes of female infertility are ovarian
dysfunctions and disorders of the fallopian tubes and uterus.
Frequently, two or even all three causes can be found in one
patient. Before 1980, infertility due to low sperm quality was
treated by performing insemination with the patient’s own sperm
or donor sperm. Thiswasfollowed by in vitro fertilization (IVF)
in the early 1980s and intracytoplasmic sperm injection (ICSI)
intheearly 1990s. ICSl only requiresoneliving sperm cell [14].

Like many other conditions, involuntary childlessnessis often
not caused by just one factor, nor can it aways be cured with
asingle treatment regimen. Patients and doctors alike are often
confronted with the fact that they cannot find a reason for
childlessness and that a treatment for a particular case is not
helpful for a person or couple with a similar problem [15]. In
addition to the cause itself, other factors, such asthe age of the
woman or problems shared by both partners, might also
influence the choice of treatment. So it seems consequent that
patients/couples suffering from involuntary childlessness use
the Internet to get information about their infertility [6].

Requests addressed to medical expert forums such as*“Wish for
aChild” can be classified according to (1) the subject matter or
(2) the sender’s expectation (eg, to receive a summary of the
current treatment options [second opinion], to get general
information about a certain disease or biological process, or to
ask for advice about where to seek adequate medical help).
While thefirst aspect is of great importance to medical experts
so that they can understand the contents of requests, the latter
is of interest to public health experts to alow the analysis of
information needs within the population.

We carried out an initial trial to automatically classify these
requests using standard text-mining software such as that
provided by SAS[16,17]. However, the results of our first trial
were rather disappointing since the quality of classification,
expressed in terms of precision and recall, did not exceed 60%
[18].
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To make full use of text mining with complex data, different
strategies and a combination of these strategies may refine
automatic classification. The aim of this paper is to present a
method for an automatic classification of requests to a medical
expert forum and to evaluate its performance quality. A special
focus of this method should be its flexibility to allow a precise
and content-related input of expert knowledge.

Methods

Setting and Data

The analysis is based on a sample of requests collected from
the section “Wish for a Child” on the German Rund ums Baby
website[12]. Inthis section, visitors can participatein amedical
expert forum and ask questions about involuntary childlessness.
Requests and answers are openly published on the website. The
structure of these dialogues resembles, for example, The Heart
Forum of the Cleveland Clinic Foundation [19].

Visitors to the website ask questions directly to a group of
medical experts via a Web-based interface. The expert team
consists, at the moment, of eight persons who are experts in
gynecology, urology, andrology, and/or embryology. Some of
them work in outpatient departments, some in reproductive
clinics, and some in university hospitals. So, the expert forum
is well equipped to give medical advice in difficult situations,
to provide help to make the correct decision, to offer a second
opinion, or, in someinstances, even to meet psychologica needs
not covered by doctors. The experts work on an honorary
(unpaid) basis.

To date, morethan 12,000 requests have been sent to the expert
forum and have been published on the site. From these requests,
we selected a random sample of 988 and classified them
manually to provide a sound basis for training and evaluation.

Manual Classification

Similar to Shuyler and Knight [20], who analyzed questionsto
an orthopedic website in several dimensions (topics, purpose,

http://www.jmir.org/2009/3/e25/
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relationship), we decided to classify the requests into two
dimensions. The first dimension (* subject matter”) comprised
32 categories (eg, assessment of pregnancy symptoms or
information about artificial insemination). The second dimension
(“expectations’) comprised six different categories that
characterize the goal s or the purpose of the sender (eg, emotional
reassurance or a recommendation about treatment options).

From the very beginning of the classification process, it became
apparent that many requests belong to one subject matter
category but fit into more than one category of the second
dimension (“expectations’). For example, a visitor asked the
experts to comment on the results of a semen analysis and, at
the same time, wanted some advice about whether he or she
should change doctors. We decided to provide as many
categories per request as appropriate. In the first dimension
(“subject matter”), this request could be categorized as “semen
analysis” and, in the second dimension (“expectations’), as
“discussion of results’ aswell as “treatment options.”

Two of the authors (HWM, WH) independently classified the
first set of 100 requests manually. Because of a high rate of
differing results, we defined the categories more precisely, added
and removed some categories, and agreed upon the use of
multiple categories. We then classified another 100 requests.
This time, strong classification discrepancies, such as each
author classifying the text into adifferent category, occurredin
only 12 cases. Some minor discrepancies also occurred, such
as agreement in all categories except one additional category
that was suggested by one author but not the other. Thisresulted
in adegree of agreement of 0.69 according to the kappastatistic
for overlapping categories [21]. Complete agreement was
achieved after further discussion and refinement of the
categories and then HWM once more manually coded the first
200 and then the remaining 788 requests. The final categories
of both dimensions used for classification are shown in Table
2, presented in the Results section.
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Table 1. Termsand parents

Himmel et al

Terms® Parents
month month
months month
monthly month

al months (eg, January, February) month

al abbreviations (eg, Jan., Feb.) month
uterus uterus
uterus milleu uterus
utterus uterus
womb uterus

in utero uterus
uterine uterus
adrenal gland adrenal gland
temperature temperature
temperture temperature
temp. temperature
body temperature temperature
thermometry temperature
all temperature degrees (eg, 37.3°C) temperature
ultrasound ultrasound
ultra ultrasound
ultrasonic ultrasound
u-sound ultrasound
sound ultrasound
scan ultrasound

3Examples for single words, multi-word terms, synonyms, abbreviations, misspellings, etc are translated from the original German data.

Preparation for Automatic Classification

For automatic classification, we created adataset that contained
the text from each request as a separate observation. The text
was then parsed into separate words or noun groups. “Parsing”
entails several techniques: (1) separation of the text into terms
(eg, “uterus’) or multi-word terms (eg, “uterus milleu”), (2)
normalization of different formats for dates (eg, 26/02/2008;
Feb. 26, 2008) and data (eg, various degrees of temperature),
(3) recognition of synonyms, and (4) stemming of verbs, nouns,
or (in German) adjectives to their root form (eg, “transfer,”
“transferred,” “transferring”). Programs, such as SAS Text
Miner, perform this automatically and provide a complete list
of all words, noun groups, and so on appearing in the text. The
two authors who categorized the requests first by hand formed
a detailed starting list [16] of about 10,500 relevant terms in
order to include all relevant content words—even misspelled
words and abbreviations. Since we focused on these words,
greetings and function words such as "hello," "the," or "of" are
not included and have therefore no effect upon the classification.
Asanext step, we clustered similar termsto create 4109 groups
of terms called “parents’ (for examples, see Table 1). Thefinal

http://www.jmir.org/2009/3/e25/

dataset was a large table consisting of 998 rows (one row for
each document analyzed) and 4109 columns (one column for
each parent). The words in each document were analyzed to
register how often each parent was represented in the text.

Text-Mining Strategies

To reduce the final dataset consisting of 988 rows and 4109
columns, we used three techniques (as different text-mining
procedures): (1) indicator variables on the basis of Cramer’sV,
(2) principle component analysis (PCA), and (3) singular value
decomposition (SVD). Thefirst strategy was devel oped by the
authors. The second strategy used the indicator variables from
the first strategy asinput for PCA. The third strategy made use
of a standard procedure from statistic software for SVD, SAS
Text Miner (SAS, Carey, NJ, USA).

Cramer'sV

We caculated the average Cramer's V datistic for the
association of each of the 4109 “parents’ with each category
and the subsequent generation of indicator variables that sum
for each category al Cramer’sV coefficients over the significant
words. Cramer’sV isachi-square-based measure of association
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between nominal variables, with “1” indicating a complete
positive association and “0” indicating no association at all. The
coefficientswere normalized according to the length of thetexts
(ie, the number of words). The selection criterion for including
a parent term’s Cramer’s V was the error probability of the
corresponding chi-square test. Its significance level was
aternatively set at 1%, 2%, 5%, 10%, 20%, 30%, and 40%,
leading to seven indicator variables per category.

Principle Component Analysis

We conducted PCA to reduce the seven indicator variables of
varying significance levels per category into five orthogonal
dimensions. PCA transforms a number of correlated variables
into afew uncorrelated variables[17]. Each principal component
isalinear combination of the original variables, with coefficients
equal to the eigenvectors of the correlation. PCA can be used
for dimensionality reduction in a dataset by retaining those
characteristics of the dataset that contribute most to its variance.
The data are transformed to a new coordinate system such that
the greatest variance by any projection of the data comesto lie
on the first coordinate (called the principa component), the
second greatest variance on the second coordinate, and so on
[22].

Singular Value Decomposition

The 500 dimensional SVD was based on the standard settings
of the SAS Text Miner software [23]. To understand SVD, the
wholetext of all requests can be visualized asbeing adocument
by term matrix, as described above. The text from each
individual request (rows) is divided into its parent terms
(columns) by listing the frequency of each term in a given text.
Documents are represented as vectors with length m, where m
is the number of unique termsindexed in the text. The original
document by term matrix is transformed, or decomposed, into
smaller matrices, thus, creating a factor space. An SVD
projection is a linear combination of the singular values in a
row or column of the term x document frequency matrix. A
high number of SVD dimensions usually summarizes the data
in a better way but requires significant computing resources
[24,25].

Statistical Analyses

The sample was split into 75% training data and 25% test data.
On the basis of our predictor variables (ie, 38x7 Cramer’'s V
indicators per category, 38x5 principle components per category,
and approximately 500 SVDs), we trained logistic regression
modelsto predict the categories. However, if al these predictor
variableswould be used in aregression model, it would be rather
unlikely to detect any significant variables since many of these
are highly correlated. Therefore, we chose a more appropriate
modelling approach, a stepwise logistic regression. The choice
of predictive variables was carried out by an automatic
procedure.

http://www.jmir.org/2009/3/e25/
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To assess the most appropriate model for a classification, we
used the following selection methods: (1) Akaike Information
Criterion, (2) Schwarz Bayesian Criterion, (3) cross validation
misclassification of the training data (Ieave one out), (4) cross
validation error of the training data (leave one out), and (5)
variable significance based on an individually adjusted variable
significance level for the number of positive cases. For amore
detailed description of most of these selection criteria, see Beal
[26].

We trained for each target category, each selection criterion,
and each type of input variable (Cramer's Vs, principle
components, SVDs) one logistic regression. This resulted in
1369 logistic regression models. The detailed notes and the
table in the Multimedia Appendix make this procedure more
transparent. For the final regression, we used meta-models,
which proved the best for each of the 38 categories.

The complete training process produced an automatic method
to evaluate both requests from the training sample and new
requests. The corresponding software program is called score
code. This score code is afunction that generates, for any text
(request), the probability of belonging to each of the 38 different
categories.

To assess the accuracy of our approach, we calculated recall
and precision as standard statistics in information retrieval and
text mining for each of the 38 categories. Precision is the
percentage of positive predictions that are correct (ie, a sort of
specificity), whereas recall is the percentage of documents of
agiven category that wereretrieved (sensitivity). We cal culated
recall and precision at the maximum F-measure [27]. To
determine whether our approach yielded better results for
precision and recall in the subject matter dimension or the
expectation dimension, we compared the macroaverage values
for precision and recall between both dimensions [28]. All
statistical analyses were performed with SAS 9.1 (SAS, Carey,
NJ, USA).

Results

Manual Classification

Table 2 shows the results of our manual classification of the
988 documents. A total of 102 (10%) documents fell into the
category “invitrofertilization (IVF)”, 81 (8%) into the category
“ovulation,” 79 (8%) into “cycle” and 57 (6%) into “semen
analysis” These were the four most frequent categories in the
subject matter dimension (consisting of 32 categories). The
expectation dimension comprised six categories; we classified
533 documents (54%) as “genera information” and 351 (36%)
as awish for “treatment recommendations.”
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Table 2. Quality of automatic classification

Dimension Requests Training/Validation Validation Data
No.
Ratio Precision%® Recal|%®
Subject Matter
abortion 40 30:10 91 100
abrasion 13 9:4 100 100
birth control pill 23 17:6 100 100
charges 25 18:7 100 100
clomifen 26 19:7 100 100
cryo transfer 13 94 100 75
cycle 79 59:20 80 86
cysts 16 12:4 100 100
endometriosis 11 8:3 75 100
examination of the oviduct 19 14:5 100 100
habitual abortion 17 12:5 100 100
hormones 36 279 78 78
insemination 29 21:8 100 100
intermenstrual bleeding 14 10:4 100 100
IVF 102 76:26 81 88
luteal phase defects 25 18:7 88 100
medical drugs 47 35:12 92 100
menstruation 35 26:9 90 100
multiples 7 5:2 100 100
naturopathy 33 24:9 90 100
nourishment 9 6:3 100 100
oviduct 16 12:4 100 100
ovulation 81 60:21 90 86
PCO 27 20:7 100 100
pregnancy symptoms 36 27:9 100 100
pregnancy test 30 22:8 88 88
pregnancy worries 49 36:13 100 92
semen analysis 57 42:15 88 93
sexual intercourse 14 10:4 100 100
sexual intercourse, problems 5 3:2 100 100
stimulation 40 30:10 63 100
thyroid glands 13 94 100 100

Expe<:tationsb

current treatment 331 248:83 85 72

discussion of results 310 232:78 86 82

emotions 90 67:23 100 61

general information 533 399:134 92 84

interpretation of own situation 242 181:61 78 69

treatment options 351 263:88 82 81
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#To calculate recall and precision, we first chose the best model according to the following selection criteria: Akaike's Information Criterion, Schwarz
Baysian Criterion, cross validation misclassification of the training data, cross validation error of the training data; then we determined the optimum

compromise between recall and precision by the F-measure.
BMulti ple categories possible.

Automatic Classification

We used different selection criteria to find the best regression
models for training and validation. In about half of the
categories, the generation of indicator variables based on the
chi-square analysis proved to be the best approach for automatic
classification. Other categories were best predicted by using
either PCA or SVD. Stdtistical details are shown in the
Multimedia Appendix. A 100% precision and 100% recall was
realizedin 18 out of 38 categories on the validation sample (see
Table 2). The lowest rates for precision and recall were 75%
and 61%, respectively. The rates for precision and recall were,
on average, somewhat lower in the expectations dimension
(78.2% and 74.8%, respectively) compared to the subject matter
dimension (93.6% and 96.4%, respectively).

Table 3 and Table 4 provide exemplary impressions of the power
and the limits of the chi-square analysis. Table 3 lists the most
significant words in the category “general information.”
Interestingly, nearly all of the first 50 words for the category
“general information” were negatively associated. This means
that the word “injection,” for example, isastrong indicator that
a document containing this word does not belong to this code.
The 51st word (“fertile”) was the first one with a positive
Cramer’'s V; it represents a typical question about the fertile
days of the menstrual cycle. For nearly al other categories, the
most predictive words were positively associated with the
respective category.

Table 4 lists the most significant words for the categories
“oviduct” and “examination of the oviduct.” These categories
have been listed separately because “oviduct” was mainly

Table 3. Most predictive words for the category “general information”

associated with lay requests about reproductive medicine in
general while “examination of the oviduct” was used in
conjunction with questions about specific treatments or treatment
options. Some of the predictive words (eg, “tube,” “fallopian
tube” “level”) are the same in both categories. For example,
the word “tube” appearsin all requests that we categorized by
hand as “oviduct” (n = 16), showing a strong predictive value
(Cramer’sV of 0.44). However, thisword a so appearsin 79%
of the reguests that were categorized as “examination of the
oviduct” (n=19). Again, Cramer’sV washigh (0.37), signalling
also the strong predictive value of this word for “examination
of the oviduct”. In this situation, only the summary of the
Cramer’s V statistic as an indicator variable guaranteed high
precision and recall, and not a single word aone.

For some categories, the input variables a so included variables
from other categories, most often with a negative sign. For
example, themeta-model for “ pregnancy tet” included asample
of words (as an indicator variable) predictive for the category
“menstruation” with a negative sign. This means that absence
of words predictive for “menstruation” was a strong indicator
for the category “pregnancy test”.

For other categories, consideration of a sender’s expectation
also contributed to a better classification of requests. For
example, the meta-model for “hormones’ included a sum of
relevant terms (on the basisof Cramer’sV) aswell assignificant
terms demonstrating the expectation to learn more about on€e's
own situation or to have laboratory datainterpreted (both with
negative signs, meaning that the absence of these expectations
were, besides others, indicators for “hormones”).

Word Frequency, No. (%) Cramer'sV P
In “General Information” In Other Categories

X-chromosome 70 (13) 143 (31) -0.22 <.001
injection 17 (3) 68 (15) -0.21 <.001
utrogest 7(2) 45 (10) -0.19 <.001
clomifen 32(6) 82 (18) -0.19 <.001
prescribe 10(2) 45 (10) -0.17 <.001
write 21(4) 59 (13) -0.16 <.001
med 45 (8) 88 (19) -0.16 <001
drug 24 (5) 59 (13) -0.15 <.001
pill 20 (4) 53(12) -015 <001
value 48 (9) 88 (19) -014 <.001
[places 11-50]

fertile 36 (7) 44 (10) 0.12 <.001
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Table4. Most predictive words for the categories “oviduct” (total requests = 16) and “examination of the oviduct” (total requests = 19)

Category Requestsin Which This Word Occurs? Cramer'sV P

Word No. (%)

“Qviduct” (n = 16)
tube 16 (100) 0.44 <.001
fallopian tube 16 (100) 0.44 <.001
removed 8 (50) 0.40 <.001
exception 2(13) 0.35 <.001
away 8 (50) 0.29 <.001
link 7 (44) 0.28 <001
move 1(6) 0.25 <.001
obliterate 1(6) 0.25 <.001
inappropriate 1(6) 0.25 <.001
sterilisation 1(6) 0.25 <.001
secretion 1(6) 0.25 <.001
scar 1(6) 0.25 <001
opportunity 1(6) 0.25 <.001
patent 1(6) 0.25 <001
open 1(6) 0.25 <.001
consider 1(6) 0.25 <.001
extensive 1(6) 0.25 <.001
attachment 1(6) 0.25 <.001
abandon 1(6) 0.25 <.001
cut 1(6) 0.25 <001
tubal pregnancy 4 (25) 0.24 <.001
endoscopy 7 (44) 0.21 <.001
level 8(50) 0.21 <.001

“Examination of the Oviduct” (n = 19)

tube 15 (79) 0.37 <001
fallopian tube 15 (79) 0.37 <.001
|aparoscopy 11 (58) 0.35 <.001
endoscopy 12 (63) 0.35 <.001
X-ray 3(16) 0.34 <001
angiography 2(11) 0.32 <.001
examination 4(21) 0.32 <.001
level 12 (63) 0.30 <.001
penetrable 4(21) 0.27 <.001
stomach 11 (58) 0.27 <.001
hsg 2(11) 0.26 <001
structure 12 (63) 0.23 <.001
cycle 1(5) 0.23 <.001
adhere 1(5) 0.23 <.001

8Some wordsin this table occur only once or twice (eg, “move”), but not at all in any of the other subject categories. Therefore, they still have predictive
power (with asignificant Cramer's V).
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Exemplary Comparison Between Automatic and
Manual Classification

To give amore vivid picture of the results of our method, we
present some of thevisitors' requests, including our own manual
classification and the automatic classification with scoring
values for the probability of falling into a particular category
(see Table 5). Thefirst exampleisavery short request in which
the sender wants to know whether a short cycle could be caused
by a particular hormone. The automatic classification did not
find the central topic of the request, probably because the term
“prolactinspiegel” (prolactin level) was not recognized as
“hormones.” The subject category with the highest probability
was “cycle,” with a probability of only 2%—meaning that no
classification was automatically assigned. In the two other
examples, all our manual codes were recognized by the
automatic classification. This was also the case in most other
requests, representing a high sensitivity of our approach.

In several instances, and also in two of the three examples
presented in Table 5, the automatic classification sometimes

Table 5. Sample visitor requests and their classification

Himmel et al

gave a high score not only for the correct subject category (as
determined by the authors) but also for additional subject
categories. In the second example, there was a high score for
“stimulation” (in addition to the correct “IVF"), and the
categories “clomifen” and “stimulation” scored highly in the
third example (together with the correct category “multiples’).
Consequently, precision, which isameasure of specificity, was
not always entirely satisfactory. Some of these additional
classifications such as “stimulation” in the second and third
examples are provoked by the word “stimulation” or other
misleading wordsin the request. While the additional categories
in the automatic classification are not entirely correct, they are
also not completely wrong. In all three of these examples, our
classification according to the expectation of the sender was
confirmed by the automatic classification with different
probabilities. Only in the last example did the automatic
classification also select “treatment options,” which in fact is
not entirely incorrect.

After a very long first half of my cycle (14-20 days), the second half of the cycle only takes 8 days. Is this probably because of an elevated prolactin

level (I still nurse)? Many thanks for your answer, [ Name]
Expert classification: hormones; general information; current treatment

Automated classification: cycle (2%); general information (99%), current treatment (97%)

We arein the middle of our second I VF cycle. During our first follicular puncture (first IVF), only one fallopian tube could be punctured [sic]. The
second was hidden behind the uterus. However, at that time, the stimulation regime[ n] was quite high. In the current cycle, | was stimulated with
consideration. Therefore, only 11 follicles grew. At first, my question regarding sports activities during stimulation was answered with “ no problems?”
After another inquiry | wastold that | should stop playing badminton after the 8th day of stimulation. However, swimming would not be a problem.
Because of badminton, torsion of the fallopian tube may happen. Today, follicular puncture took place. For the last time, | played badminton on day
8 of stimulation (only half out) but went swimming up to day 11 of stimulation (but not as* hard” as usual) because, supposedly, this should not have

any effect.
Expert classification: IVF; general information; current treatment

Automatic classification: IVF (99%); stimulation (68%); general information (99%); current treatment (97%)

Right now, I amin the middle of my second insemination cycle (stimulation with Puregon 50 and Clomifen). Today, on day 12 of the cycle, 4 big
follicles are visible. Now | shall decide whether to stop the cycle or to get inseminated. What are your thoughts about the risk of multiples? | would
accept twins but not triplets. | amtorn.... On one hand | would like to take the chance to get pregnant, but on the other hand | am afraid of multiples.
Please tell me your opinion. Because of your experience you might be able to judge this matter much better. | appreciate your answer. Sncerely

yours, [ Name]
Expert classification: multiples; general information; current treatment

Automatic classification: multiples (98%); clomifen (68%); stimulation (54%y); general information (67%); current treatment (98%); treatment options

(53%)

Discussion

A combination of different text-mining strategies should classify
requests to a medical expert forum into one or severa of 38
categories, representing either the subject matter or the sender’s
expectations. This combined strategy yielded rates of precision
and recall above 80% in nearly al categories. Evenintheworst
classified categories, the rates were at least above 60%.

M eaning of the Study

In order to evaluate these results, the exceptional character of
this text-mining process should be considered. The documents
to be classified were complex, sometimes rather long, and, most
importantly, needed to be classified not only according to
content but also to their (sometimes subliminal) expectations.

http://www.jmir.org/2009/3/e25/

We were able to show that a combination of different
text-mining procedures was superior to a single method. Two
factors have particularly contributed to this success: (1) an
elaborated starting list and (2) a combination of chi-square
statistics, PCA, and an SVD method. These factors mirror a
recommendation and an experience reported by Balbi and
Meglio [29], who built their specific text-mining strategy
according to the “nature” of the data.

The creation of good starting (or stopping) listsis necessary to
obtain valid and useful results, and comprehensive domain
knowledge is essential for creating reasonable lists in the first
place. The lists described here contain valuable expert
knowledge in the field of involuntary childlessness. It seems
reasonable to suppose that creating synonym lists in other
medical areas could also be a powerful tool for successful text
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mining in other Internet forums. In their extensive paper on
predictive data mining, Bellazzi and Zupan [30] stress the
importance of additional knowledge that domain experts can
make use of for the modeling methods. This starting list
demonstrated its full potential when used to generate indicator
variables that summed all Cramer’s V values for each request
and each category over the significant words. This way, we
escaped the danger of overestimating the predictive power of
single words, especialy if words are negated (eg, “I’m not
interested in IVF" or “my cycleis not normal”).

Nearly al words predictive of the category *“genera
information” were negatively associated in the chi-square
statistic. This seemsto be a*“perfect” finding and evidence for
our content-related approach since any trestment with injections,
for example, would bel ong to the categories“ treatment options,”
“interpretation,” or “current treatment” rather than the category
“general information.” It isprecisely thelack of technical terms
or results from prior investigations that defined this category.

Expertsusually classify requests, such asthe oneswe analyzed,
in a dichotomous way (ie, either they do or do not belong to a
respective category). In contrast, automatic classification with
ascoring system similar to the one presented in this paper gives
a probability for any given request to fall into any of the
categories. Especially in the case of complex texts, it seems
appropriate to classify them into multiple dimensions and
multiple categories. We defined a cutoff of 50% for our scoring
system (ie, we defined a request to fall into a category if the
respective score was over 50%). At the sametime, it ispossible
to change the cutoff according to the purpose of an analysis.
For example, if weareinterested in recognizing possible health
needs, a50% cutoff may contribute to ahigh recall (sensitivity)
so that we do not miss relevant requests. If we are interested in
high precision (ie, specificity of classification) to sort out the
requests and thus to support the experts work, a higher cutoff
may be reasonable. Our analysis procedure permits an easy
assignment of different cutoff values.

There is another reason why this scoring procedure seems
adequate or even superior to adichotomous expert classification.
When we analyze the sender’s expectation, we are usualy
confronted with amix of different expectations. In many cases,
we classified a request into several expectation dimensions.
Thisseemsintuitively better represented by a scoring procedure
such as the one presented in this paper. And even the subject
matter classificationsthat we employed in our manual procedure
as separated (digjunct) categories may not be as clear as they
seem in many requests. It is rather likely that a given request
may also fall into more than one subject matter, as demonstrated
by the examples in Table 5, so that in these cases, a scoring
procedure that also permits overlapping categories seems most
appropriate [6,20]. In contrast, most studies, even if they have
used a multidimensional categorizing scheme such as Shuyler
and Knight [20], only permit one category per dimension.

As SVD is a powerful method for automatic classification, it
seemed quite logical that this approach proved best to predict
categories in about a quarter of instances. However, there is
sometimes reluctance to use SV D-based classification strategies
because this process can be controlled only to alimited degree
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[31]. In other words, text mining based on SVD is a procedure
that cannot be consciously monitored. As a sort of black box,
it automatically runsin the background and we have to rely on
the validity of thisprocedure. In contrast, according to Reincke
[31], the data-mining process should be mapped into a
continuous IT flow that controls the entire information from
theraw data, cleaning aggregation and transformation, analytical
modeling, operative scoring, and last but not least, final
deployment. In this sense, our analysis is actualy far more
transparent as demonstrated in the case of the predictive words
given in Table 3. That is to say, our anaysis not only yields
good rates for precision and recall, but it also provides us with
acomplete view of the analytic process and thus contributesto
face validity.

In the last decade, the medical profession has witnessed new
developmentswhereby patients have become their own experts,
often through the adoption of strategiesto empower themselves
[32] and often supported by the Internet [33,34] with email
consultation  services for electronic patient—caregiver
communication [35]. A crucial factor to be able to make use of
all of this potential information istime. The Internet isarapid
medium and when questions go unanswered for a few days,
users are disappointed and may even resend their queries, as
Marco et a [3] experienced in their Internet survey on AIDS
and hepatitis. A complex technological solution such as that
presented in this paper may effectively help medical expertsto
process the information needs of requests in advance and to
accelerate response times. Once the information needs have
been understood, it will also be possibleto find similar previous
requests, allowing experts to make efficient use of their earlier
answers. This technology can therefore be used to both enable
experts to answer requests promptly and to lighten their
workload.

As a further advantage of our approach, we would like to
emphasize our comprehensive list of categories. To date,
analyses of email requests [5,6] have tried to categorize these
reguests in more or less ssimple categories, especially to learn
more about information needs and the possible workload of
experts. In contrast, we have been far more specific in the
classification of the information needs with 32 categories
representing the subject matter dimension. This detailed
classification is exactly what experts need if machine-based
analysisisto support their work.

Limitations of the Study

The classification of requests according to the senders
expectations could beimproved. That this processisnot optimal
may be due to the somewhat vague definition of what exactly
congtitutes a certain patient’'s expectation, and this requires
improvement if health experts are to make conclusions about
the heath needs of a population. However, the overall
performance of the subject classification seemsto be sufficient,
so much so that semiautomated answers to senders’ requests,
in this medical area, may be arealistic option for the future.

Future Consider ations

We consider there to be three relevant applications of our
text-mining procedures in the near future:
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1. If our scoring procedure proves successful in further tests,
it could be integrated into the Rund ums Baby website to
facilitate semiautomated answer proposals to be used by
the experts and, in cases when classification accuracy is
high, direct automated answers to the patients [36]. A
multidimensional classification of texts, asin our approach,
may be especially appropriate for this purpose since we
recognize not only the plain content (ie, subject matter) but
also the sender’s expectations, something like a hidden
subtext.

2. A retrospective application of the scoring procedure to all
accumulated requests would alow their mapping into
different categories, thus providing an objective historical
seismograph and allowing a better understanding of medical
and psychological needs that have yet to be met by the
current health care system.

3. The scored database forms the basis for a sophisticated
FAQ Internet page that does not address those questions
and issues considered by expertsto be the most important,
asisusually the case, but one which ismore oriented to the
real needs of visitors and patients.
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We are not aware of any studies that have tried to analyze
similarly complex texts in Internet forums. Further studies are
therefore needed to compare and refine our methodology. Then
it should aso be possible to decide which aspects of our
text-mining strategies—the expert-based synonym list or the
combination of different strategies—were most important for
the success of our automatic classification.

Conclusions

Our analysis suggests a way of classifying and analyzing
complex documents to provide a significant as well as avalid
information source for politicians, administrators, researchers,
and/or counselors. In the case of involuntary childlessness, it
will be possible to fulfill not only patients information and
health needs with this Internet expert forum, but also to analyze
and follow-up these needs over long periods of time. These
techniques also seem promising for the analysis of large samples
of documentsfrom other Internet health forums, chat rooms, or
email requests to doctors.
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Abstract

Background: In November 2006, an email-based health promotion program for preghant women was implemented nationally
in the Netherlands. The program consisted of emails containing quizzes with pregnancy-related questionstailored to the number
of weeks of pregnancy. Emails were sent out once every 4 weeks, up to a maximum of nine emails.

Objectives: The aims of the study were (1) to assess the recruitment of participants and their representativeness of the Dutch

population and (2) to study differencesin recruitment, program use, and program appreci ation among women with different levels
of education.

Methods: Datafrom 13,946 pregnant women who enrolled during thefirst year of the program wereincluded. Upon registration,
participants were asked how they found out about the program and subsequently received an email questionnaire to assess
demographic, lifestyle, and Internet characteristics. Program use wastracked, and participants were classified into five user groups
(inactive to very active). Program appreciation (low, intermediate, and high) was assessed twice with an email questionnaire that
was sent after the woman had received her third and sixth quiz email. Information about pregnant women and their characteristics
was obtained from Dutch registries to assess representativeness of the study population.

Results: About 8% of the pregnant women in the Netherlands enrolled in the program. Immigrants were underrepresented, and
women with a low level of education seemed to be dlightly underrepresented. Most women knew about the program from a
promotional email sent by the organization (32%), followed by the Internet (22%) and midwives (16%). Women with little
education were more often inactive users of the program than were highly educated women (15% vs 11%, P < .001), whereas
highly educated women were more often very active users compared with women with little education (25% vs 20%, P< .001).
However, women with less education were more likely than women with more education to have a high appreciation of the
program after receiving three quiz emails (52% vs 44%, P = .001).

Conclusions:  In this real-life setting, pregnant women can be reached through an email-based health promotion program.
Selective engagement by education level remains a challenge.

(J Med I nternet Res 2009;11(3):€24) doi:10.2196/jmir.1183
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[2]. Nowadays, most women seek information about their
pregnancy on the Internet [3-6], particularly for first-time
Pregnancy is atime when women are more conscious of health ~ Prégnancies [4]. However, online medical information varies
issues than during any other period in their life [1]. Thismay N quality andis often incomplete [7].

be atime when behavior can be positively changed, to have a  |n 2006, the Dutch Ministry of Health initiated Hello World,
Iong-term effect on the health of the mother, Chl'd, and farnlly an innovative email-based program for pregnant women in
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which reliableinformation about ahealthy pregnancy is brought
together into one health promotion program. The program was
tested in a pilot study in Amsterdam [8,9] and was then
improved and implemented nationwide in the Netherlands. The
aim of the program was to provide comprehensive health
information for pregnant women. Although knowledge on its
own is criticized as being insufficient for behavior change,
knowledge is a prerequisite for behavior change [10].

To the best of our knowledge, Hello World is the first eHealth
program aimed at pregnant women that was implemented
nationally. We are aware of only one previous study of an
eHealth program for pregnant women conducted locally in
Taiwan [11], which was aimed at promoting breastfeeding.

To be effective as a health promotion program, it is essential to
reach the target group. Thus, efficacious recruitment strategies
areneeded. Several studies have investigated which recruitment
strategiesfor I nternet-based eHealth promotion programs result
in high participation, but results were mixed [12-18]. In addition
to enrollment, engagement isan important condition for efficacy
since exposure to the health information is necessary.
Unfortunately, the high attrition rate of Internet-based health
promotion interventionsis still anissue[19,20]. Both enrollment
and engagement in health communication programs are often
selective, favoring participation of relatively highly educated
persons with a healthy lifestyle [19-21]. Indeed, the pilot study
of Hello World showed that highly educated women not only
enrolled in the program more often, but also used the program
more intensively and longer than less-educated women [8].

The present study analyzes data of participants who enrolled
during the first year of the nationwide-implemented program.
The main purpose of the study was to describe the participants,
their representativeness of al pregnant women in the
Netherlands, and how they were recruited in areal-life setting.
Our second aim was to compare differences in recruitment
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channels, program use, and program appreciation among women
with varying levels of education.

Methods

Intervention

The program started on November 13, 2006, and is still available
online. The present study analyzesdata of pregnant women who
enrolled in the first year. The program consisted of emails
containing quizzes with pregnancy-related questions that were
tailored to the number of weeks of pregnancy. Emailswere sent
once every 4 weeks. The first quiz email was sent at 8 weeks
of pregnancy and thelast one at 40 weeks. Women could enroll
in the program at no cost anytime during their pregnancy and
only received the quizzes that were applicable to their stage of
pregnancy. Each quiz consisted of one question on each of the
following six topics: nutrition, smoking, physical activity, safety,
lifestyle/care, and pregnancy. Women could complete the quiz
after receiving an email that contained one of the six questions
as an example and a hyperlink to the entire quiz. Each question
had two answer possibilities. Selecting an answer wasfollowed
by an automatic message on the website informing the women
whether their answer was correct, an explanation of the correct
answer, and, in most cases, a practical tip and a hyperlink to a
related website providing additional or more detailed
information. Severa nationa health promotion institutes and
the national platform of midwives were responsible for the
content of the topic relevant to their expertise. Furthermore,
women could ask online experts pregnancy-related questions.

The program was specifically developed to reach women with
basic literacy skills, including the use of short text blocks and
plain language. Figure 1 shows an example of aquiz question.
For an overview of all quiz questions, translated into English,
see the Multimedia Appendix.
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Figure 1. Screenshot of the quiz for week 24
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Study Participants

Pregnant women signed up for participation in Hello World on
the website. Those who subscribed between the start of the
program and November 13, 2007, were included in the study
(n = 14,154). For the women who registered more than once,
the most active account or the most recent inactive account was
included; all other double accounts were excluded (n = 127).
Additionally, data of nonpregnant persons and test users (n =
19) or those with an unlikely number of weeks of pregnancy
(lessthen 0 or morethan 40 weeks; n = 62) were excluded. Data
of 13,946 participants were used for the analyses. Women who
mentioned miscarriage asthe reason for unsubscribing (n = 260)
wereincluded for assessment of enrollment, representativeness,
and recruitment, but they were excluded from the analysis of
program use and appreciation. The study was carried out in
accordance with Dutch privacy legislation. Informed consent
was obtained for all participants via the user conditions of the
website that participants had to agree to when registering for
Hello World. It was explained to the participants that answering
the research questionnaireswas voluntary and not aprerequisite
for (further) use of the website.

Recruitment

Severd recruitment strategieswere used to promote the program.
From January 2007 onward, 50,000 Hello World |eaflets were
included in pregnancy present boxes, which could be requested
by pregnant women on another pregnancy-related website. In
addition, between January and November 2007, a promotional
email was sent by the organization who implemented the
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intervention to almost 76,000 women who had requested a
pregnancy present box. Furthermore, banners were placed on
severa websites, and advertisements for Hello World appeared
when performing pregnancy-related searches in Google. As
well, atotal of 45,000 Hello World flyers were distributed in
the majority of Dutch midwifery practices. In addition,
recruitment took place through traditional mass media as
advertisements in magazines and through an information stand
at anational pregnancy fair.

Measures

Demographic, Lifestyle, and I nternet Characteristics

Upon enrollment, the women were asked to enter their first
name, date of birth, email address, expected date of delivery,
and how they found out about the website. In this paper, the
last variable will be referred to as the “recruitment channel,”
and it was categorized into the following eight types: midwife,
email, Internet, pregnancy present box, pregnancy fair, peers,
media (radio, televison, magazines, newspapers), and
other/unknown. Subsequent to enrollment, women received a
baseline questionnaire by email to assess demographic, lifestyle,
and Internet characteristics. Age was calculated from the date
of birth. Ages < 15 and > 45 years were regarded as errors and
were therefore not included in the age description. The number
of weeks of pregnancy (0-14 weeks, 15-27 weeks, and 28-40
weeks) was calculated from the date of enrollment and the
expected delivery date, assuming a pregnancy duration of 40
weeks.
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The education level of the women was assessed as the highest
level completed and was categorized as low (lower secondary
education or less), intermediate (higher secondary education),
or high (college or university) [22]. Women were regarded as
immigrants when at |least one of their parents was born outside
the Netherlands[22]. If thewoman herself was also born outside
the Netherlands, she was considered a first-generation
immigrant. Furthermore, immigrant women were divided into
immigrants from Western counties and non-Western countries
based on their parents' country of birth. Information on parity,
job participation, overweight before pregnancy, smoking status,
and acohol consumption was also obtained with the
guestionnaire.

Sufficient fruit and vegetable intake was based on meeting the
Dutch guidelines for minimum intake levels of fruit and
vegetables (ie, two pieces of fruit or one piece of fruit and one
glass of fruit juice per day, and 150-200 g of vegetables per
day) [23]. Sufficient physical activity was defined as being
moderately active for at least 30 minutes on five or more days
per week, according to the Dutch recommendationsfor physical
activity [24]. No folic acid intake was defined as not currently
using or not having used folic acid tablets. The questionnaire
also included questions about Internet availability at home, time
spent online per week (< 1 hour, 1-2 hours, and > 2 hours), and
the use of the Internet for obtaining information about
pregnancy, health, and/or parenting.

Program Use

Program use was registered continuously and included the quiz
emails sent to the participant and the quiz questions accessed
by the participant. The quiz emails contained a personal
identification code to track the use of the quiz questions. All
user data up to the end of August 2008 were included, thereby
covering a whole pregnancy period after the last moment of
registration in this study (November 13, 2007) to ensure that
every woman could have received al quiz emails. If at least
one of the quiz questions was opened by the participant, that
woman was defined as a “user” of the quiz for that specific
week. To describe program use, only the women who enrolled
before or during week 28 of their pregnancy wereincluded since
they could have received a substantial number of quiz emails.

Program users were classified into five categories: (1) inactive
(did not use any of the received quizzes), (2) ceased (did not
use the last two received quizzes or unsubscribed themselves
from the program after using one or more quizzes), (3)
moderately active (used at least two of the last quizzes, but less
than 2/3 of al quizzes), (4) active (used at least two of the last
quizzes, and at least 2/3 of all quizzes), and (5) very active (used
all quizzes). The quiz email for week 40 was not taken into
account since we expected that not all pregnant women would
be able to open quiz emails around the time of delivery. Indeed,
the data showed that this quiz was completed less often than
other quizzes.

Program Appreciation

Appreciation of the program was assessed by means of an online
self-administered questionnaire that was sent in the week after
the participants received their third quiz email and their sixth
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quiz email. As women could enroll themselves anytime
throughout their pregnancy, timing of the questionnaire varied
among participants. The same questionnaire was used for both
evaluations and included eight positively formul ated statements
about the program that could be rated on a five-point Likert
scale (“totally agree” to “totally disagree”’). Examples of the
statementsinclude “theinformation on Hello World isreliable”
and “the information on Hello World is recent.” Based on the
number of statements for which the response was “agree” or
“totally agree,” program appreciation was categorized into |ow
(agreed with 0-4 statements), intermediate (agreed with 5-6
statements), or high appreciation (agreed with 7-8 statements).

Data Analyses

Data analyses were performed in 2008. Response rates of the
guestionnaire were based on the number of questionnaires sent
to the participants and the number of questionnaires completed
by the participants. The demographic characteristics of the
pregnant women participating in the email-based health
promotion program were described and compared with existing
data of pregnant women in the Netherlands [22]. Because
younger women may not have completed their education,
age-stratified education levels were compared. Demographic,
lifestyle, and Internet characteristics; recruitment channel;
program use; and program appreci ation were compared among
participants with different levels of education. For program use
and education level, additional analyses were conducted after
stratification for parity.

For al analyses, differences between education levels were
tested with chi-squaretestsfor categorical variablesand analysis
of variance for continuous variables.

Because education level was associated with severa
characteristics and lifestyle factors, the associations between
education level and program use and program appreciation,
after adjustment for these characteristics, were tested using
ordinal logistic regression. The final multivariate models were
constructed by including all variables that were significantly
associated with the independent variable (program use or
appreciation) in the bivariate model s (including education level
and one other characteristic) or the multivariate model (including
all characteristics). Statistical significance was set at P < .05.
All data analyses were carried out using SAS for Windows,
version 9.1 (SAS Ingtitute, Cary, NC, USA).

Results

Representativeness of the Participants

Based on the number of enrolled women in the program (n =
13,946) and the number of living newborns in the Netherlands
in 2007 (n = 18,1336), we estimated that approximately 8% of
all pregnant women in the Netherlands enrolled in the Hello
World program (Table 1). Most participants (9210/12,802, 72%)
in our study were aged 25-35 years. Although there were fewer
low-educated women in the program than in the Netherlands
for the 15-25 and 35-45 year age groups, the percentage of
low-educated women among the 25-35 year age group was
comparable to that of the Netherlands. In our study, the
percentage of immigrants (1583/8833, 18%) was smaller than
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the overall proportion found in the Netherlands (24%). The their first child, which was higher than the percentage of
majority of participants (5568/8833, 63%) were pregnant with  first-born babies in the Netherlands.
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Table 1. Characteristics of the participants of Hello World

Characteristic Hello World The Netherlands?
Number of pregnant women 13,946 18,1336°
Mean + SD Mean
Age of those pregnant with their first child (years)® 283+44 29.4%¢€
Adge at enrolIment (years)® 29+ 45 31.10f
No. (%) %
Response rate for baseline questionnaired 8833/13,942 (63) B
Pregnant with first child 5568 (63) 45"
Age group
15-25 years 2368 (18) 10¢
25-35 years 9210 (72) 649
35-45 years 1224 (10) 26¢
Education level
15-25 years Low 594 (43) 50
Intermediate 660 (47) 40
High 142 (10) 10
25-35 years Low 1032 (17) 17
Intermediate 2366 (40) 46
High 2544 (43) 37
35-45 years Low 154 (19) 25
Intermediate 260 (33) 47
High 386 (48) 28
Employment
Full-time job (= 32 hours/week) 4120 (47) NAI
Part-time job (< 32 hours/week 3058 (35) NAJ
No job 1619 (18) 24K
Immigrant 1583 (18) 24K
First generation 635 (7) 14K
Non-Western 753 (9) 14K

8Data from Statistics Netherlands [22].
ONumber of living newborns in the Netherlands in 2007.

Only those aged = 15 and < 45 yearswereincluded. For Hello World participants, age at enroliment included 12,802 women and age of those pregnant
of their first child included 5252 women.

dOnly pregnant women.

€ Mean age of those pregnant with their first child in 2007.

"Mean age of women at the time of delivery in 2007.

9Proportion based on the number of returned questionnaires and the number of questionnaires sent to the women.
iIncludi ng pregnant and nonpregnant women.

I Not available.

Kincl uding pregnant and nonpregnant women aged 15-45 years.
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Recruitment Channel

As shown in Table 2, the most reported recruitment channel
was email (32%), followed by the Internet (22%) and midwives
(16%). This order was observed for al education levels.
However, relatively more women with lower education

Table 2. Recruitment channel by education level

Bot et al

mentioned email as the recruitment channel (38%) than did
highly educated women (24%; x2= 154.5, P < .001); thereverse
was observed for midwives asthe recruitment channel (14% vs

20% for low and high education, respectively; x> = 38.1, P <
.001).

Recruitment Channel Total® Low Intermediate High

(n = 13,946) (n=1940) (n=3548) (n=3317)

No. % No. % No. % No. %
Email 4399 32 744 38 1280 36 804 24
Internet (surfing, Google, other websites) 3023 22 384 20 767 22 779 23
Midwife 2214 16 279 14 560 16 674 20
Pregnancy present box 1116 8 164 8 285 8 303 9
Peers 1041 7 135 7 229 6 220 7
Media(radio, television, magazine, newspaper) 653 5 76 4 146 4 197 6
Pregnancy fair 585 4 35 2 100 3 115 3
Other/unknown 915 7 123 6 181 5 225 7

aThe low, intermediate, and high education levels do not add to the total group because not al women completed the baseline questionnaire with the

guestion about education.

Characteristics by Education L evel

Table 3 presents the characteristics of the pregnant women by
education level. More highly educated women (2257/3312,
68%) were pregnant with their first child than were women with

alow level of education (1115/1937, 58%; x2 = 65.7, P < .001).
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L ow-education women more often smoked during pregnancy,
less often had sufficient fruit and vegetable intake, and less
often used folic acid than high-education women. Almost all
women had access to the Internet at home and used it for
obtaining pregnancy-related information.
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Table3. Demographic, lifestyle, and Internet characteristics by education level®

Low Intermediate High X2b pc
No. 060 No. 0P No. 060
Age (years) 1780 27.5(5.2)¢ 3286 288 (4.39 3072 307359  3510° <001
Pregnancy
Pregnant with first child 1115/1937 58 2179/3544 61 2257/3312 68 65.7 <.001
Number of weeks of 1940 18.4(9.2) 3548 18.0(9.3¢ 3817 17.4(9.1)¢ 8.1¢ <.001
pregnancy at enrollment
1st trimester 795/1940 41 1510/3548 43 1481/3317 45 15.2 .004
2nd trimester 783/1940 40 1394/3548 39 1326/3317 40
3rd trimester 362/1940 19 644/3548 18 510/3317 15
Lifestyle characteristics
Overweight before 752/1913 39 1297/3495 37 845/3280 26 137.8 <.001
pregnancy
(BMI = 25 kg/m?) |
Smoking 906.1 <.001
Smoker 465/1938 24 329/3543 9 57/3317 2
Cessation because of 443/1938 23 666/3543 19 399/3317 12
pregnancy
Nonsmoker 1030/1938 53 2548/3543 72 2861/3317 86
Alcohol use during 41/1934 2 87/3538 2 142/3308 4 26.9 <.001
pregnancy
Sufficient vegetableintaked  253/1225 21 518/2263 23 674/2106 32 69.2  <.001
Sufficient fruit intaked 482/1266 38 1037/2337 44 11332159 52 710  <.001
Sufficient physical activity” 553/1325 42 885/2393 37 819/2239 37 108  .005
No folic acid used 304/1932 16 287/3537 8 141/3308 4 210.4 <.001
Internet characteristics
Internet at home 1847/1930 96 3428/3544 97 3259/3309 98 38.6 <.001
Internet use 36.4 <.001
< 1 hour/week 222/1933 11 370/3540 10 261/3311 8
1-2 hours/week 610/1933 32 1217/3540 34 1030/3311 31
> 2 hours/week 1101/1933 57 1953/3540 55 2020/3311 61
Use of Internet for 1654/1932 86 3176/3542 90 2987/3310 90 295 <.001
information about
pregnancy

@Due to missing values, the totalsin each column vary. Italics represents significant results.

b Unless otherwise noted.

€ The chi-square test was used for categorical variables, and analysis of variance was used for continuous variables.
9 Mean (SD).

€ F-value.

f Body massindex (BMI) was calculated as the self-reported weight before pregnancy (kg) and height (mz).

9 Meeting the current Dutch guidelines for sufficient fruit and vegetable intake. Sufficient fruit intake: at least two pieces of fruit per day or one piece
supplemented by fruit juice. Sufficient vegetable intake: at least 150-200 g of vegetables per day.

h At least 30 minutes of bei ng moderately active on five or more days per week.
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Program Use

For the analyses of program use, we included only the women
who enrolled in week 28 of pregnancy or earlier (11,415/13,686;
83%). On average, the participantsreceived amean of 5.6 + 1.8
quiz emails and opened 2.8 + 2.3 of them to complete at |east
one of the six questions. Women compl eted, on average, 3.8 =
1.6 of the six available questions for each opened quiz.

Figure 2 shows the distribution of program usersfor all women
who registered in week 28 of pregnancy or earlier. Program
users were classified into five categories: (1) inactive (did not
use any of the received quizzes), (2) ceased (did not use the last
two received quizzes or unsubscribed themselves from the
program after using one or more quizzes), (3) moderately active
(used at least two of the last quizzes, but less than 2/3 of all
quizzes), (4) active (used at least two of the last quizzes, and at
least 2/3 of al quizzes), and (5) very active (used all quizzes).
The quiz email of week 40 was not taken into account, and
miscarriageswere excluded. In Figure 2, the numbers of women
with low, intermediate, and high education do not add to the
total group because not all women completed the baseline
guestionnaire with the question about education level.

About 18% (2075/11,415) of the women never opened a quiz
email, 27% (n = 5166) ceased participating, and 16% (n = 1849)

Figure 2. Type of program user by education level
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opened al quiz emails received. Inactivity was observed more
among the women with low education (15%, 242/1595) than

among the women with high education (8%, 220/2786; x° =
56.7, P < .001). Similarly, ceased participation was more
common among low-education women (31%, 497/1595) than
among high-education women (26%, 712/2786; x> = 20.5, P <
.001).

Very active users were more likely to be women with a high
level of education (25%, 710/2786) than with a low level of
education (14%, 229/1595; x2=93.7, P < .001). When repeating
these analyses stratified for those pregnant for thefirst timeand
those not, comparable results for education level were found
(results not shown).

Because education level was associated with program use as
well as with several lifestyle factors (see Table 3), we tested
theindependent association of education level and program use
using multivariate ordinal regression. Inthe multivariate model,
higher education, being older, being pregnant with the first
child, number of weeks of pregnancy, being a nonsmoker, and
not being overweight were independently associated with
program use, whereas alcohol use and folic acid use were not.
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V27277
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Program Appreciation

The first appreciation questionnaire was completed by
3763/12,201 women who received it (response rate 31%); the
second appreci ation questionnaire was compl eted by 1926/8666
women who received it (response rate 22%). Half (n = 1840)
of the 3763 women who answered the first questionnaire had a
high appreciation of the program, more than one quarter (n =
1091) showed an intermediate appreciation, and less than one
quarter (n=832) had alow appreciation. L ow-education women
were more likely to show a high appreciation (52%, 307/593)

http://www.jmir.org/2009/3/e24/
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of the program than high-education women (44% 539/1219; x>
= 17.9, P = .001) in the first appreciation questionnaire. A
similar pattern was seen for the second appreciation
guestionnaire (data not shown).

Because education level was associated with program
appreciation as well as with several lifestyle factors (see Table
3), wetested the independent association of education level and
program appreciation using multivariate ordinal regression. In
the multivariate model, being younger, being pregnant with the
first child, and not using alcohol during pregnancy were
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independently associated with higher program appreciation,
while education level and overweight were not.

Discussion

Our study describes the enrollment and engagement ratesin a
national email-based health education program aimed at
pregnant women in a real-life setting. We estimate that about
8% of all pregnant women in the Netherlands enrolled in the
Hello World program. Women with less education seemed to
be dlightly underrepresented, and immigrants seemed to be
underrepresented compared to the Dutch female population
aged 15-45 years. In particular, women who were pregnant with
their first child enrolled in the program. Most women cited
email astheir recruitment channel, followed by the Internet and
midwives. In agreement with results of the pilot study [8],
program use differed between women with low and high levels
of education. Low-education women were more satisfied with
the program than high-education women.

To our knowledge, Hello World isthefirst national online health
education program aimed at pregnant women. The program
incorporates severa elements that have shown to be effective
in online health education programs. These elements include
tailored messages, which are known to be appreciated by
pregnant women [3]. In addition, emailswere sent every 4 weeks
to inform the women about the availability of new quizzes, since
previous studies showed that email reminders have a positive
effect on the number of website revisits and were suggested as
a strategy to retain participants [16,25]. Furthermore, a
combination of online as well as offline recruitment strategies
were used so that women who used the Internet | ess often could
also find out about the program.

In the Netherlands, the majority of pregnant women visit
midwives as the first line of care during pregnancy [26]. One
of the tasks of midwives is to provide information about a
healthy pregnancy. Thus, this is a natural setting for health
promotion and interventions. A few studies have evaluated the
effectiveness of interventions (eg, breastfeeding and smoking
cessation) but with mixed results [27,28]. To the best of our
knowledge, none of these interventions have been implemented
nationally.

Strengths and Limitations

Strengths of our study were its large sample size and red-life
setting. In addition, program use was registered objectively and
was not self-reported.

Some limitations need to be stressed. The response rate for the
guestionnaires dropped from 63% for the baseline questionnaire
to 22% for the second appreciation questionnaire. Additional
analyses showed that lower response rates on the questionnaires
wererelated to low education level, younger age, and nonactive
program use. Further, participation rates could not be cal cul ated
for the different recruitment strategies. In addition, it is likely
that not all preterm births and miscarriages were reported. Since
delivery and miscarriage will probably result in cessation of
program use, thismay have led to an underestimation of program
use in pregnant women.
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We estimated that 8% of all pregnant women in the Netherlands
enrolled in the Hello World program. Our estimation has afew
drawbacks. First, it is based on the number of living newborns
inthe Netherlandsin 2007, thereby not taking miscarriagesinto
account. However, as most miscarriages take place early in
pregnancy and the women enrolled at 18 weeks of pregnancy
on average, the number of miscarriages probably was small.
Second, we cannot exclude that some women registered twice
using different email addresses. In addition, nonpregnant persons
or Dutch-speaking women living abroad may also register for
the program. This may have led to an overestimation of the
enrollment rate in our study. Third, our enrollment rate was
based on all pregnant women, including those who were not
exposed to the intervention. This must be kept in mind when
comparing our enrollment rate with other studies. For example,
the pilot study showed an enrollment rate of 17% [8], but this
rate was based on the number of pregnant women who were
invited to participate by midwives. Since only afraction of all
pregnant women probably knew about the program in our study,
our enrollment rate appears reasonabl e.

We had to rely on existing data for describing the
representativeness of the participants. In the pilot study, selective
enrollment was observed, favoring enrollment of
higher-educated women [8]. In contrast, in this study, the
percentage of women with a low level of education was
comparable to that in the Dutch female population aged 25-35
years. Almost three quarters of the women enrolled in Hello
World belong to this age group. However, women with less
education have more children than higher-educated women in
the Netherlands [29] and may therefore be dlightly
underrepresented. Pregnant women with alow level of education
need more attention since previous studies have shown that
these women more often smoked during pregnancy [30], less
often breastfed their children up to 6 months after delivery [31],
and less often were aware of the benefits of folic acid and used
folic acid less often during pregnancy [32,33]. Our study
confirmed less favorable health behaviors in lower-educated
women compared to higher-educated women, except for a cohol
consumption and physical activity. Thelarge number of women
pregnant with their first child is desirable since they have the
highest need for pregnancy-related information [3].

In our study, more participants were recruited by online
strategies than by offline strategies. Similar results were found
by Feil et a [14] and Thiiring et al [13]. Further, in our study,
lower-educated women were more often recruited by email than
were highly educated women, whereas the reverse was observed
for recruitment by midwives. It is possible that these differences
can be partly explained by differencesin exposure.

Eysenbach [34] has discussed the importance of studying
attrition in Internet-based interventions. High dropout rates in
Internet interventions are common, and selective dropout is
frequently observed [20,34]. In our study, one sixth of the
participants never opened aquiz email, and more than aquarter
stopped participating. We found a higher level of program use
among highly educated pregnant women compared to
lower-educated pregnant women. This is similar to the pilot
study [8] but isin contrast to Verheijden et al [20], who found
no differences between education level for the usage of an online
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health promotion program in a subsample of the general Dutch
population. Although thelevel of engagement waslower among
low-education women, these women appreciated the program
more than highly educated women. It is possible that the
program was too easy and concise for highly educated women
and that they therefore appreciated the program less.

Future Work

We have measured both enrollment and engagement, which are
important prerequisites for exposure to health messages in the
program. However, the effect of these messages on health
outcomes is unknown [3] and should be investigated in
randomized controlled trials. More research is needed on the
differences of processing health information among persons

Bot et al

with varying levels of education. Effective methods for
increasing enrollment and engagement need to be further
studied.

Conclusions

In conclusion, this study showed that about 8% of the pregnant
women in the Netherlands could be reached through an
Internet-based health promotion program. Lower-educated
women seemed to be dightly underrepresented. L ower-educated
women wereless actively engaged than highly educated women
but appreciated the program more. Most women were recruited
by online recruitment strategiesrather than traditional channels.
Reducing selective attrition remains a chalenge in
Web-delivered health promotion programs.
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