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Abstract

Objective: The aim of this study is to review the evidence for tailored eHealth weight-loss interventions, describing in detail:
1. how tailoring was implemented in these studies and 2. whether these tailored approaches were effective in producing
weight loss compared with generic or inactive controls.

Methods: A systematic review was carried out. Five databases were searched up until 15 March, 2018, including: EBSCO,
Science Direct, Pubmed, EMBASE and Web of Science, using combinations of the concepts ‘tailoring’, ‘eHealth’
and ‘overweight’.

Results: Eight articles relating to six interventions were accepted. Tailoring was carried out in a number of ways, based on,
for example, anthropometric data, health-related behaviours (e.g. dietary intake, physical activity), goals (e.g. weight goal),
theoretical determinants (e.g. confidence/willingness to change behaviours), psychosocial factors (e.g. social support) and
participant location. Systems acquired data using strategies that ranged from online questionnaire administration, to the
dynamic gathering of data from web-based diaries, websites, mobile applications and SMS messaging. Tailored inter-
ventions were more effective in supporting weight loss than generic or waitlist controls in four of the six articles. Effect sizes
were very small to moderate, with evidence for fluctuations in effect sizes and differences of effect between tailoring and
non-tailoring interventions, and between tailoring types, over time.

Conclusions: We contribute an enhanced understanding of the variety of methods used for the tailoring of eHealth
interventions for weight loss and propose a model for categorising tailoring approaches.
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Introduction compared with pharmacological strategies.> This

There is an urgent need to identify effective and scal-
able strategies to address what the World Health
Organization terms ‘the obesity epidemic’. Indeed, the
number of overweight and obese individuals has
increased from 857 million in 1980 to 2.1 billion in
2013." However, we have yet to see strong evidence
for a successful population-wide obesity intervention.
In standard lifestyle interventions, behavioural therapy
is delivered to participants by trained interventionists
to support modification of diet and physical activity
levels in an individual or group setting; it has been
found to be effective in producing weight loss when

approach is resource-intensive, requiring significant
input from both the patient and the interventionist,
and can be costly to deliver, which poses a challenge
for widespread translation of these approaches.’
Accessible and cost-effective  interventions are
necessary to bring about impact on a large scale.
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Two developments that appear promising for scalable,
effective interventions are the use of eHealth tools in
the delivery of interventions and tailoring of interven-
tion content.

eHealth approaches to treating obesity

Research suggests that by delivering interventions via
the Internet (eHealth), some of the cost and scalability
problems of obesity interventions are mitigated.*>
eHealth interventions can be deployed through web-
sites, emails, text messages, monitoring devices,
mobile applications, computer programmes, podcasts
and personal digital assistants.” eHealth systems can
set individualised goals for users, monitor diet and
physical activity behaviours, and respond to data
with personalised guidance, among other behaviour-
change strategies.

To establish the viability of these systems for large-
scale impact, research into the implementation and out-
comes of eHealth interventions is needed. Hutchesson
et al.’ conducted a series of meta-analyses drawing on
88 eHealth weight loss or weight maintenance interven-
tions. ecHealth weight-loss interventions achieved
modest weight-loss compared with no treatment
(mean difference: —2.70 [-3.33, —2.08], p <0.001; nine
studies pooled in meta-analysis) or minimal treatment
(mean difference: —1.40 [-1.98, —0.82], p<0.001; 16
studies pooled in meta-analysis). Studies were found
to be heterogeneous in both groups of pooled studies,
FP=49%, p=0.04 and (*=72%, p<0.001), respec-
tively in terms of intervention strategy, technology
usage and interaction style. eHealth interventions
with extra features/behavioural components (e.g. self-
monitoring, personalised feedback) or technologies
(e.g. applications, texts or social networks) were more
effective than standard eHealth programmes (drawing
on either the Internet or podcasts only) (mean differ-
ence: 1.46 [0.80, 2.13], p <0.001).> Arem and Irwin®
also found the Internet-based weight-loss interventions
included in their review to be heterogeneous. This was
both in terms of the nature of the intervention (e.g.
contact with participants, sample size and study dura-
tion) and their outcomes, with weight loss ranging from
<lkg to 4.9kg. Crucially, since the interventions
included in these reviews differed from each other in
so many ways, it was impossible for the authors to
make specific recommendations regarding which inter-
vention components were necessary to bring about
weight loss.

These effect sizes are modest in comparison with
what may be achieved using traditional behavioural
approaches. The modest weight losses demonstrated
by the Hutchesson® review are several times less than
in-person interventions. For example, an in-person

behavioural weight-loss intervention of 4-6 months of
weekly group-based lifestyle counselling and intensive
dietary restriction showed that participants lose on
average 10.7 kg.” These may be due in part to the vary-
ing intensity of behavioural-change strategies, person-
alisation strategies and supportive accountability
provided by a human counsellor. To ascertain the
effective components in these interventions, it is neces-
sary to draw together the interventions that implement
a common strategy.

A significant challenge to the wide-scale usage of
eHealth interventions is that they typically suffer a
steep decline in usage over the course of the interven-
tion and have poor completion rates.* Neve et al.® high-
light that use of eHealth technological components
(both frequency and duration) may prove a useful
metric to enable the establishment of an ‘optimal
dose’ required for behaviour change. The review
demonstrates that the higher the number of log-ins,
self-monitoring occasions, chatroom attendances and
bulletin board posts, resulted in greater weight loss,
and this pattern was evident in the majority of studies
included. Participant attrition is a key issue in assessing
the efficacy of Internet-based interventions, as low
levels of completion compromise the feasibility of
implementing such interventions on a larger scale.

These findings provide promising support for the
efficacy of eHealth interventions for weight loss.™°
They confer an additional advantage over traditional
methods, for example, in-person behavioural counsel-
ling in delivering weight-loss interventions in a
cost-effective, effectual manner suited equally to the
individual and at a scale needed to address the global
obesity epidemic. Efforts to investigate specific strate-
gies that are effective for weight loss, which address the
issues of modest effects and low levels of engagement
are needed. Delineating the precise strategies within
eHealth efforts that are effective in bringing about
the greatest decrease in weight requires a granulated
examination and specification of the various compo-
nents, modes of delivery, technological features and
behavioural theory that inform these eHealth
approaches, as well of usage of technological compo-
nents as part of these efforts. Web-based weight-loss
interventions have been reported as being less effective
than face-to-face interventions,®’ however, enhanced
web-based interventions (e.g. more interactive and tai-
lored) are more efficacious than basic, more generic
interventions (e.g. purely informational).” Web-based
interventions may prove to be clinically effective and
feasible if they can mimic some of the tools and strat-
egies of the in-person interventions, while reaching a
larger population.® Enhancing web-based interventions
through tailoring the eHealth interventions to charac-
teristics of the wuser or patterns of behaviour is




Ryan et al.

supported by a recent systematic review that evaluated
web-based interventions for weight loss and
maintenance.’

Tailoring as a strategy to enhance eHealth
interventions

Tailoring is a process whereby the provision of infor-
mation, advice and support is individualised to the
user.'® Noar et al.'" explain that the process of tailoring
involves an assessment of individual-level characteris-
tics gathered by a person or self-administered (input:
the basis for tailoring). This information then gets
processed by either a human (human tailoring), or an
expert system (computer tailoring) that uses algorithms
to select content (i.e. text, images, recommendations
and intervention messages) from an expert-developed
database for the individual (tailoring process). Tailored
material (output) is adapted using a variety of strate-
gies to be delivered to the individual via multiple deliv-
ery modes.

Compared with non-tailored, generic materials, tai-
lored health-messages command greater attention and
are more likely to be read, elaborated upon, recalled
and understood.'” As such, tailored health-messages
are considered to be processed more deeply, contain
less redundant information, and are perceived more
positively by health consumers.'® Tailoring strategies
can range from relatively simple, for example, employ-
ing the user’s name, to the more complex, for instance
adapting content to personally relevant variables.'*
Work has also been undertaken to draw together con-
crete definitions of tailoring strategies.'>'>'® Krebs
et al.'” add to this by defining ‘dynamic tailoring’ as
the assessment of intervention variables prior to each
feedback and ‘static tailoring’ where one baseline
assessment provides the basis of all subse-
quent feedback.

Impact of tailored approaches on health outcomes

While there is little evidence for the impact of tailored
eHealth interventions for weight loss, evidence has
accrued for the effectiveness of tailored web-based
approaches to health interventions. For example,
Lustria et al.'” conducted a meta-analysis to assess the
impact of tailored web-based interventions targeting
physical activity, nutrition, smoking/tobacco use, drink-
ing, medication adherence (asthma management), stress
management and faecal soiling (encopresis). Forty
experimental and quasi-experimental studies were ana-
lysed and web-based tailored interventions effected sig-
nificantly greater improvement in health outcomes
compared with controls both at post-testing, d=0.139
(95% CI=0.111, 0.166, p<0.001, k=40) and at

follow-up, d=0.158 (95% CI1=0.124, 0.192, p <0.001,
k=21). While these results are encouraging, (similarly
to the eHealth reviews discussed earlier™®) the authors
identified that there was great variability in how tailor-
ing was carried out among their included articles,
including differences in intervention features, formats,
and levels of interactivity.

A series of meta-analyses by Krebs et al.'” also
assessed the effect of 88 computer-tailored interven-
tions, using computer, print, or telephone communica-
tion channels that focused on four health behaviours:
smoking cessation, physical activity, diet, and mam-
mography screening. A significant, small effect size
(Hedges’s g=0.17) was found for tailored interven-
tions, taking the average of the four health behaviours.
This is encouraging evidence for tailoring as an
approach to health behaviour change in general, but
more specific approaches, honing in on one specific
outcome may allow for in-depth conclusions to be
drawn, considering that the determinants of health
behaviour change interventions differ by outcome.

These studies provide support for tailoring as a
strategy for use in health behaviour-change interven-
tions, but we argue that previous research on tailored
health interventions has focused primarily on under-
standing whether tailoring works, rather than focusing
on how it works, or which approaches are most useful
under which circumstances.'*"?

The current study

Without meticulous description of intervention
designs, the science and practice of tailoring within
eHealth intervention design and implementation
cannot be advanced. Previous work on tailoring has
met with difficulty in differentiating the range of
approaches to tailoring, differences in modality, inter-
vention features and components.'” In addition,
Harrington and Noar'® have called for improved
reporting standards in tailored research.

The aim of the current paper was to review the evi-
dence for tailored eHealth weight-loss interventions.
We aim to describe in detail: 1. how tailoring was
implemented in these studies and 2. whether these tai-
lored approaches were effective in producing weight
loss compared with generic or inactive controls.
Specifically, we sought to identify what individual fac-
tors were assessed as part of the tailoring process, what
tailoring strategies and eHealth tools were used, how
engagement with eHealth interventions was concep-
tualised and whether tailoring increased this and,
lastly, whether tailored approaches produced larger
effect sizes than generic information and waitlist con-
trol approaches for weight loss.
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Methods

Design

Systematic review of pre—post intervention trials with a
control group, following Cochrane methodology and
Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines (see
Appendix A).'"® The review was registered with
PROSPERO (CRD42017072901)."

A systematic review of tailored eHealth interven-
tions for weight loss was carried out, with a title and
abstract screening phase (Phase 1) and a full text
screening phase (Phase 2).

Eligibility criteria

All papers that were deemed relevant at Phase 1 were
included if they were quantitative peer-reviewed
articles, published at any time, in the English language,
with a pre-test—post-test intervention design (either
randomised controlled trials (RCT) or pilot study)
using a control comparison group (generic or inactive)
approach. Interventions of any duration that aimed to
bring about weight loss in overweight or obese (Body
Mass Index (BMI) >25), free-living participants with-
out specified clinical disease were included. Articles
were required to have a stated tailored approach,
which we operationalised as ‘if the intervention was
personalised, and based on an assessment of individual
characteristics’.>° The intervention was required to be
behavioural in nature (e.g. aimed to change diet and
physical activity), and delivered primarily via the
Internet (Internet-based); in-person measurement of
weight was permissible, as was briefing to randomisa-
tion group components. Articles were excluded if the
intervention was not tailored at the individual level
(e.g. generic in nature or tailored based on shared
rather than individual characteristics, e.g. gender tai-
loring), not delivered online (e.g. delivered in-person),
not aiming to change behaviours (e.g. pharmacologi-
cal), and if the primary aim of the intervention was not
specifically for weight loss; however, articles were
included if there was more than one main aim, as
long as weight loss was stated as one of the aims.
Articles were excluded if they stated that the partici-
pants had a clinical population (e.g. type 2 Diabetes
patients who may have been taking medication to con-
trol their condition), or if they were not published in
the English language. Authors of studies that met the
criteria but did not report the body weight of partic-
ipants at baseline and follow-up (e.g. reported the BMI
only) were contacted in an attempt to include them in
the review.

Sources and Searching

Searches were run in December 2016 in five databases,
including: EBSCO, Science Direct, Pubmed, EMBASE
and Web of Science. Combinations of the concepts ‘tai-
loring’, ‘eHealth’ and ‘overweight’ were searched as
part of the search strategy. For example, EBSCO
search included the following combination: TI person-
alis* OR individualis* OR tailor* OR custom®™ AND
AB (ehealth or e-health or website or web or web-based
or website-based or online or Internet) AND SU (over-
weight or obesity or obese or weight management or
weightloss or weight loss or diet* or physical activity).
Searches were re-run on 15 March, 2018. An example
of the search strategy is included in Supplemental
material (Appendix B). Hand-searching was conducted
of reference lists of included articles, systematic reviews
and meta-analyses of eHealth interventions for weight
loss, as well as in the Journal of Medical
Internet Research.

Data extraction

Data extraction was conducted by KR. Fifty per cent
of the extracted data were checked for accuracy by
author SD and 50% by author CL. Two accepted
articles had associated adjunctive articles, published
separately but reporting details of the development of
the tailored eHealth weight-loss intervention. Data
from these articles were also included in the extraction
and qualitative synthesis, in tandem with the original
accepted article. The extracted information included
participant information, intervention information and
weight-loss outcomes. This included details on study
setting; study population and participant demographics
and baseline characteristics; details of the tailoring
intervention and control conditions; study methodolo-
gy; recruitment and study completion rates; outcomes
and times of measurement; suggested mechanisms of
intervention action; and information for assessment
of the risk of bias. Specific to the process of tailoring,
we identified the individual factors that were assessed
as part of the tailoring process, how the assessment was
conducted (e.g. what eHealth technology/modes of
delivery were used), how often it occurred (e.g. static
tailoring or dynamic), how the message output was
devised, what specific tailoring and behavioural strate-
gies were implemented, how engagement with the
eHealth intervention was conceptualised and mea-
sured, whether tailoring increased this and, lastly,
whether tailored approaches produced greater weight
loss compared with generic or waitlist approaches.
Authors were contacted for any missing information.




Ryan et al.

Data analysis

There were two components to data analysis: qualita-
tive and quantitative synthesis. Qualitative synthesis
involved examining how tailoring approaches were
conducted within each intervention using information
in each article’s intervention description and any
corresponding intervention development articles.?'*
As part of this process, terms listed in Harrington
and Noar'® were used to identify the tailoring strategies
described. These included the following terms: ‘con-
tent-matching’ (adapting intervention content based
on theoretical determinants), ‘feedback’ (providing
messages to individuals about their psychological or
behavioural states, which may involve description of
objective data back to participant (‘descriptive feed-
back’), comparing their data to norms (‘comparative-
normative feedback’), their previous states (‘compara-
tive-progress feedback’) and providing an interpreta-
tion or judgement of their data (‘evaluative feedback”)
and ‘personalisation’ where recognisable information
relating to the participant is relayed to them, including
the use of their name (‘identification’), telling partici-
pants that the intervention content has been created
especially for them (‘raising expectation of customisa-
tion’) and framing messages in a context that is mean-
ingful to them, e.g. through gender-, cultural- or
ethnicity-related cues (‘contextualisation’).

Quantitative synthesis involved evaluating the effect
of the tailored eHealth interventions on weight loss:
effect sizes were calculated to estimate the difference
between the intervention and control groups (both
active and waitlist controls). Effect sizes for weight
change at follow-up assessments were calculated
based on the mean pre—post change in the treatment
group minus the mean pre—post change in the control
group, divided by the pooled pre-test standard devia-
tion (SD).> In one case, the post-test SD was used as a
proxy where the pre-test SD was not reported.”*
A pooled SD was calculated using Cohen’s®® formula,
squaring the baseline SD of weight of the intervention
group and adding the squared baseline SD for weight
for the control group, and taking the square root of
these. Effect sizes are therefore reported in SD units of
change. Changes between the intervention and control
were considered to be small (0.2 to <0.5); moderate
(0.5 to <0.8) or large (>0.8).%°

Quality appraisal

Quality of methodology was assessed by authors KR
and SD using the Cochrane Collaboration’s tool for
assessing risk of bias for RCTs.?® Bias was assessed
as a judgement (high, low, or unclear) in the following
domains of bias: selection, performance, detection,

attrition, reporting and other bias. In this review, as
the outcome of significance was weight, we included
an assessment of measurement bias for weight as part
of the quality review. Studies using self-reported
weight, or using one-off (not averaged) weight meas-
urements were considered to have an increased risk of
measurement bias.

Results

Initially 516 articles were captured in the searches and a
further 14 records were identified from hand-searching
reference lists of accepted articles and relevant system-
atic reviews.”®® Following the removal of duplicates
(N =218), there were 312 articles for title and abstract
screening, of which 80 were subjected to full text
review. Searches were re-run in March 2018, which
led to an additional three articles suitable for full text
review.?”?° Articles were excluded due to relating to
wrong outcomes (e.g. cardiovascular risk, BMI),
wrong study design (e.g. review articles, face validity
evaluations); being an RCT development article; wrong
intervention aims (e.g. aiming to increase physical
activity, diabetes prevention); wrong route of adminis-
trations (e.g. in-person), wrong population (e.g. those
with diabetes mellitus) and wrong source (e.g. confer-
ence abstracts). A systematic review of tailored eHealth
weight-loss interventions ultimately yielded a total of
eight articles,>'**2*3%3% describing six interventions.
See the PRISMA flow diagram below (Figure 1).

A summary of the included studies is presented in
Table 1. There were 14 intervention arms, 2 interven-
tions had three arms, and 4 interventions had two.
There were N=4356 participants (baseline), with
2243 assigned to the intervention groups, and 2113
assigned to the control groups. Participants were
recruited from the general population (82.5%), univer-
sity students (10.5%) and university staff (7%). The
mean retention rate to final follow-up was 39.04%.
The average age of participants was 37.11, SD =7.54.
Their mean BMI at baseline was 30.06, SD =4.05.
They were mostly female, 82.18% and Caucasian,
56.67%. Studies were published between 2006 and
2016. There were five RCTs**** and one randomised
pilot study®* with the majority (N = 5) conducted in the
USA?*3%33 and one in Europe.** The intervention
durations ranged from 5 weeks to 24 months, with
the average length being 24.5 weeks. There was an aver-
age of 2.33 follow-ups where participants’ body weight
data were collected. Four of the six studies measured
weight objectively®**®3-3* with two relying on self-
report methods.*!*? Four out of these six studies com-
pensated participants for taking part.?*30-3%34

There were two articles considered to be of low risk of
bias, three of moderate quality, and one of high risk.
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contact established to
obtain weight (kg)
1 wrong route of admin
1 RCT design paper

Figure 1. PRISMA flow diagram.

Random sequence generation, allocation concealment
and blinding of participants and personnel were judged
to be adequate strategies in three articles, blinding of
outcomes assessment was described in two articles.
Five articles were deemed to be low risk in regards to
reporting incomplete outcome data. Two articles had
published protocols and thus were considered to have
a low risk of bias for selective outcome reporting. Two
articles relied upon participants’ self-reported weight for
their analysis, and this was considered to have a high

risk of bias in relation to the measurement and reporting
of weight. One was considered to be low risk owing to
the inclusion of two objective measurements of weight
and taking the average. A summary of the risk of bias
results is included in Figure 2.

How was tailoring implemented?

There were six interventions included in the review,
referring to 14 intervention arms, four articles




(panunuod)

104

104

(L2¥)

|euy

|043u0>
pasiwopuey

(syuLip pauajaams

pue sydeus ‘je} Jo ayejul
Ayiande [eaishyd) sinol
-ABY3q pajejal-adue|eq

AS13ud pue (dudIBJWNIID
JSIBM pU SP|O} UIYS ‘X3pu|

ssey Apog) ipwodoiyiuy

EHRIENCRENTA]]

Aieaip :sawiod

-1no Atepuodas :(aSueyd
ySiam Apoq) sso| ySiam

(Ajuo dnous

UOIJUIAIDIUL) UOIUIAIRIUL

40 suojuido :ssoj JySam
‘sapuanbauy ayejul Arejaig

0] pawiie 3|Npow 1541y Ay
‘uonuanald uies-ySiam
uo uonewJojul |eauss

YlIM S3|npow |euoreanpa

paseq-gam .y "9}Isqam

|043u0d djesedas 0} ssane
Joj |lewd Aq paniadal

plomssed e pue aweu ul-5o]

|lews eia

ss0| JyS1am Joj 1oddns
493d pue uosiiedwod 1o}
wajshs yiomiau Appng-a
ss0|-1yS1am e pue ‘sadidal
ew? elA sdi} sso| ySiam
Appeam “ySiam 1iodas
0} sydwoud |rews Appam
‘Siam jo sydess ass

pue jySiam So| 0} asaym
-awos papinoid yaym
‘3)ISQAM 0] $S9IIB (3SIDI9XD
pue 131p Jo}UOW-J|3s

‘fep Jad Suryjem suiw og
0] 9S12J9Xd 3seAUIU| ‘|EAW
pAIY} painpniisun yim
(uan18 suodnod - s|edy ot)
aSesn juawade|dal

|esaw uo uonpnJisul ‘(dnous
fig paiayip) ausqam o}
uorjejuaLIo ((3gueyd Jnoy
-ABY3Q pue 3SIIAXD ‘}3Ip
‘sso[-}yS1am |esnolneyaq
jo sa|dpund) uonesnpa
‘UOIJESIWOPURI O} UOISSIS

dnoJ8 uosiad-ui :aujjaseg

ySiam ‘eyejul

Aieyaip Sunenjeas

dnoJS uonuaAIdlul Se awiy
SWES JB SJUIWSSISSe Y}

paia|dwod {|oJ3uod Isijiepm

‘polsad uonuaAIRUI By} J3)R SYIUOW 9 pue yuow T 1y
'$)93aM z AI9AD UOIUBAIRIUL BY) HISIA 0} SIapUIWa)
|lew? paAial Asy] “porsad yjuow-z e Sulnp
S3WI} N0 10 334y} 1SBI| 1B S3}ISCAM 3Y] JISIA 0} payjse
24am sjuedidilied “3}ISGIM UOIJUIAIIUI O] $S3DE

10} ‘llewd Aq paaladal piomssed e pue aweu ul-507
%8°LS

‘(syiuow 9 pue T }e) sdn-moj|o} Z ‘uoleinp yuow-z

fouanbaly SuiSSo| uo Suipuadap asiesd
10 UOIIBAIIOW PUB ‘SI311ieq SUIWO0IIBA0 ‘BSIDIBXD
pue 131p Suliojiuow-}j3s 0} adualaype Suinoidwi
Joj s31531e1)S [RANOIARYI] ‘S|ROS SIDI9XD pue 1aIp
pasi{enpiAlpul yim paseduiod pauing pue pawinsuod
‘s|eoS 3110]ed U0 ydeqpas)-aAleiedwod ‘sso| JySiam
10} )deqpady ssasSoid-anneledwod - yaam jsed
WoJj SINOIABYDG UO paseq ydeqpas) pajewolne :Ajuo |
uoneAow
pue sia1lieq SuiWw0d4aA0 YIeqpId} $SO| JYSIam ‘s|eos
spaemoy ssauSoud uo ydeqpaay |einolARYaq ‘Suol}
-sanb Suiamsue Suipnjur (ASojoisAyd asuaxa ‘uol}
-eanpa yjeay ‘ASojoydAsd ‘uonyiinu ul saauSap pue
9ualadxa sso|-JyS1am |enolaeyaq pey SJH) Jusw
-a8pnl |ediul> uo paseq pue painpnisun - Joj|as
-Unod yjjeay woly |lews ein ydeqpasy Apjpam :Ajuo JH
(dwwesSoisd uonuan
-aid sajaqelp ay) Jad se) juauod [euoeINpa pue
anoineyaq jo SuiSSo| Sundwoud 1ews Apaam esxa
‘pseoq aSessaw dnouS ulyym pue Aieip d1uoads|
yum aysqam sjesedas 0} ssadde :sdnouS | pue JH ylog
(JH) Suljjasunod |lewa uewny 10 ‘(1)) y2eqpasy
pajewojne-Jandwod :sdnoJS uoluIAIIUL BAIIR OM|
uonuajal
%L°08 ‘(Syruow 9 pue €) sdn-moj|0} Z :UoljeINp Yjuow-9

|e0S 112y} 0} Sulje|au uorew.ojul pasijeuossad
yum Jana|smau Apjasm Joj uiano 1dg “siyy o) Juead
-|24 shep £ 1xau Joj uoide WII)-10YS pue ‘(aseasip
21U0JYd JO ¥sIi dInpaJ ‘JyS1am 3s0| ‘8'3) |eoS wua)
-8uo| e papa|as-j|as syuedpiied sauraping Ateyaip
pasijeuosiad aniedal faJleuuonsanb Jauueld uonLINN
|EUOSIa BUIUO Ul ||1} d)sgam Apnis uo JalsISay
uonualRl %G8
{(s)29M 8 S)2aM 9) SdN-Mo||0} OM} tUOIIRIND YPIM-G

%6'T=(S #0'8C=W ‘INg
‘sajuedwod a81e| unoy
Jo saafojdwa ay} Suowe
/5.dD J0 swool Suriem
U1/100p-0}-100p PaJBAI[DP
s19Ajy ‘suadedsmau |e20|
Aq paunudas ‘syuedpiped g

GE=QS ‘LTE=W IWG
tiadedsmau |e20| wouy

paynudal spuedpiiied z6T

L6'9=0QS ‘TLLT=W
WG Guawash
-1anpe [1ewd Aq pajinidal

‘iyeis Aysianiun ajeway £og

(@xeaur Aseyaip ‘Annnpe
|ea1sAyd) sinoineysq ps
-jejal-adue|eq AS1aua pue
sainseaw dlawodoiyjue
paje[a4-1ySIam ul uonudA
-13jul palojie}-19ndwod
ay) Jo foediye ayy ajenjeas of

(0T0Z) "€ 13
u3)8nuan uep
:31pe udisaq
(zT0Z) "2 1
ua18nuan uep

(dojjasunod uewny

e wolj Jo washs palojiey
pajewojne-sandwod e
J3YNa wody Suljjasunod el
-noineyaq yum pajuswsa|d
-dns swuwesSoud awes ay}
yum pasedwod) awwels
-04d ss0|-}yS1am jaulaiu|
papalIp-j|as e jo Aedys

WI3}-}H0YS Y} dUIWIARP O] (9002) *|e 10 3L

sso| ySiam
pue (yejul 3|qe1asan ynyy
‘Aarep) ayejul Aejaip uo
Jauue|d UOIIINN |BUOSID (1102) "|B 19
3y} jo pedwi ay) ajen|ead o) edeynopy

‘salpnis 9|q18113 jJo synsudPeIRY) T 3|qe)



(panunuod)

10 [3A3] 3y} pue ‘(ulw
Jad sjeaq) a1es ueay ‘(SH
ww) a.inssaid poojq 21j03s
-elp ‘(84 ww) ainssaid
pooj|q d1j03sAs ‘(wd) dud
-13jwnaan wJe ‘(wd) adus
-13JWNdAI 1SIem isyjuow
81‘21°9 1@ 1ySiam :Aiepuo
104 -23s (syuow 4 1e) ySIsm

(sa18a3e.43S |RINOINRYD
J1129ds ou) uoljew.ojul
yjeay d143uas yum |rew
eI sia)d|smau Ajsarienb
JUIS UM pUB (§3aMm

13d 3dU0 HSIA 0} payse)
syuedidipied uonuanidul
0} 3}ISGAM dA[jeUII)|E UR

0} _._w>_m §S908€ [|0JjU0d SAIY

fynipe jedishyd

9jes pue 191p Ayyjeay

e Jnoge uofjew.ojul
|esauad papinoid ajnpow
paiyy ayy ‘sasueyd unoy
-Aeyaq 3|qissod noqe uol}
-ew.ojul papiaoid ajnpow
pu0l3s 3y| "UoIUIA

-2.4d pjuswaseuew jySiam
10} UOIIRAIJOW 3Y) dSeaIdUl

Surlo|iel, *(3usgam Apnys “jooqadred ‘sdde Suisn
JaY1aym 5'3) JUBWIUOIIAUD |RID0S pUE (J3MSUE UO
Suipuadap 3d1Ape pue uol}ed0| aulWwId}p 0} Ix3) *5°3)
uonedo| |edishyd syuedidilied o) pasojie} sem Juajuod
UOIJUIAISIU| "SIYIL0D Y}|eay Y}IM 1Iejuod suoyd
pue s|Iew?a /1xa} ‘3}ISGAM ‘S)}JOM]3U BIPIW [eId0S

‘sdde AJanIjap Jo sapow djo0wal XIs Jo 35Ukl 0} $SIVY
*UOIJURIAI 9pH8 ‘(Syjuow

#Z ‘8T ‘TT ‘9 18) sdn-mo||0} N0y ‘UoleINP YIUuoW-Hz

‘JauJalu| 3y} ySnouy 3|qissedde sem
pue ‘sa}isqam |njasn o0} syul| pue wn.oj J9ad-o}-193d
e ‘sad12aJ paulejuod os|e Jey) 3}ISqam e ul pappaqus
2Jam sa|npow 3y '313 ‘sniels JySiam ‘sue|d suonde
‘s|eo8 unoineyaq |euosiad J1ay} papn|dul yaiym ‘peiy
-u0d pasijeuostad e pausis syuedidied ayy ‘pus ay 1y
*INOIARY3Q UIBJUIBW O] JUBLBII04UID]
annisod jo uoisinold pue ‘sajnpow aaJy} snolaaid ay)
ul pasipeld usaq pey ey s|ins Asole|ndal-jjas ayy
uo Suipa|jal ‘dOM We)-Suo| Joj suonde jo saduanbas
Y1m aulapIng 1oys e se [jam se ‘papiroid sem
1yS1am Apoq (ur saSueyd) s)enjeAs pue JojuOW 0} |00} i
‘awwesoid 3y} Jo asn Jnoyum
S1am Apoq jo uonendai-jas pauleisns Suijowoud
1@ pawie 3[NPoW Y1noj ay] *(jnjssannsun aism
inoineyaq asueyd oy sydwane uaym) suejd Suidod
pue uonpe jo uoneldepe papoddns 31 ‘Aressadau
J| "92uew.opad ¥9am jsed uo ydeqpasy papinoid pue
‘a8ueyd unoineyaq spJemol ssaiSoud jo uonenjers
punoJe pasndoj a1aM SI|NPOW pJiy} pue puodads ay|
*(ueyd uon
-ejuawa|dwi) a8ueyd jey) ayewW 0} MOY pue ‘usym
‘alaym Joy uejd e yew pue (Suipas-|eos papins)
aueyd 03 Jeym Joj ad1oyd e ayew pinod ajdoad
‘Usy] “INOIABYRQ J13Y} UO YIBQPaI3) Pasi|enplaipul
pue yd pue |q JO S|2A3] JUJIND JO dIEME dpeW
21am syuedidied asueyd Joj ueid e Supjew pue
Vd 40 |g ul 38ueyd JueAd|aJ 3UO 40} |EOS B Sulas pue
SuiAynuapi ‘uonuanaid utes jySiam jo suod pue soud
dn SuiySiam :1 3|npoy-uoiie|nSai-}jas jo sdals ay}
Pamoj|o} pue auo snolraad ay) Jajje YaaMm T PajIsIA 3q
0} Y283 ‘S3|NpOW INoj Jo PajsISu0d UOIUBAIRIUI Ay
{S9INUIW 06 Ul Paysiuly 3¢ P|N0d UOHUIAIBIUI BI1JUS BY]
‘uieSe aijeuuonsanb
aU|uo 3y3 1o 1} 0} [1ews Aq payse asam syuediiied

SL'T=0S ‘'8 =W :INg

{SJUIAD UOIIRIUBIIO JUBPN]S
uos.tad-ul ‘sjuawasijianpe
(yoogade4 pue ‘sajis

-aM ‘sul}a||ng 21uoJ}d|d
‘sjiews "§-3) [eySip pue
(syouSew ‘siaysod ‘s1afjy
‘siadedsmau *5-9) Julid Aq

paynIdal ‘spuapnys 383110 4oy

sjuspnls 959|0d

Suowe sinol

-Aeyaq paje|al-jysiam Sul
-nosdwi Ag JySiam adnpal
0] pauBisap uoluIAIRIUI
dJlqow pue [eos Jeak

-z e jo foediye ayy ssasse o

(#102) "€ 13
¥ued
:3pp1e udisaq
‘(9107)
‘[ 12 oujpo

panuiuo) °T ajqeL



(panunuod)

uonIRySIIES JBWNS

-u0d ‘adueljdwod/usw
-98e3ua !as12J9%xa pue Ip
10} poddns |epos pajdepe
fred14a-49s 1ySiam A
-ed1ya-Jjas Auaipde |eaishyd
‘Suiuued pue Supas

|eoS ‘unoineyaq Ajanoe [edi

-shyd :Asepuodas !sso| 3ySiam

(e3ep yoogade)
uo}sodwod y4omjau
|enos pue joddns |eos
‘91p pue Anande |edishyd
0] Suneal spNISU0d
|enosoydhsd ‘aSew Apoq
‘Wa91s9-4|3s ‘uoissaidap
‘31| Jo Ayjenb ‘swoy wouy
Aeme Sunes ‘uondwnsuod
95eIaA3q paudleams-Jesns
‘quawaSeurw jySiam o}
Suneas sinoineyaq Suijes
‘ayejul Alejalp |ejo} ‘sinol
-neyaq Aiejuapas ‘Ayinipe
|ea1shyd ‘syusuodwod
1JUdAJB1UI 3Y] JO (asn

0 Junowe ‘1) JuawageSua

aseanul ySiam uo paseq
?)|eUl 3LI0|ed Joj Sulnas
|eoS ¢(SuiSessaw Jo jsod
dnouS ein sadessaw (Juand
SulpAd pue ‘ssepd ssau

-1} dnouS ‘Jeyjew s aawey
sndwed-uo *5°3) suoneAul
juane Sunes Jo Auaipe
Ayyjeay pue sjjod 0y ssaxne
‘(syseapod /sinopuey)
JU9U0D |BUOIIeINPS (|04}

-u0d aAide) dnois yoogadeq

H{[
-U0d 1SI| }lem pue |043u0d

aAI}IR) sdnous [043u0d oM.

ddueljdwod Sujioyuow

-J|@s punoue ioddns 4o juawaseinodua apioid

0} payse pue Aood Sutop Jo Suijadxa sem jued
diued uaym 1xa) e paaladas Appng ayy ‘swwesSoid
uonudAIIU| 3y} 03 Sjesedas Appng, 1oddns jo uoljed
113uap] quawaseinodua papiroid pue yaam ay) 1o}
Sujuredy s|ys sy ul ssaiSoad pue s|eos einoireyaq
s,9u0 Sujydeal spiemo) ssaiSoud uo yoeqpasy se
|19m se ‘(Auaiae |eaisAyd pue sstiojed ysiam Apeam
aSeuane Jo (sydes§) ydoeqpasy |ENSIA pue 1xa} pa
-pnpul) ssauSoad pastiewwns jey) spiodal pasijeuos
-19d oju| pajidwiod a1am de3am ay} Sulinp 1xa} BIA
paAiadal ejep 1ySIam pue a1io[ed ‘yd Palojiuow-jas

uo paseq suodaus Alewwns yoeqpas) palojie} Ajyaam

*(satojed pinby

“Supydeus 1ySiu aje| "8-3) auljaseq Je palyIuIPI shiqey
Ys14-yS1y ssalppe (2) Jo ‘(eyep Surioyuow-yas Suny
-jlwgns jo Juawaspajmouyde "5-3) 1xa} Aq yoeqpasy
91eIPaWLWI SIAIDIAI puR ‘Is3Y] Jo Isuodsal 1xd)

e suinjas jueddiped “(1ySiam ‘yd ‘satiofed Ajiep 11ayy
y2eq X3} *8'3) snoiaeyaq Jiay} odas (q)i(4aydsu
10 ‘y1oq ‘Ajuoyd ‘Ajuo 1a1p “unoireyaq yoes palo}
-luow A3y} Jou Jo Jayaym '5-3) Suliojuow-43s jo
dduewWIOoNAd U0 YdeqPa3Y !SINoIABY] JI3Y) JO}UOW

(e) 03 ydwoud yym saSesssw 1x3} Ajlep + (yoogadseq)

*uonuakRL

996 (SY99M 8 pue 4 Je) sdn-moj||o} Z ‘uolieINp Yuow-g

(s|e08 spiemoy

ssai50.4d pue aduewiopad uo }oeqpasy panssi
SaYIL0d Yi|eay ‘Mainal |eoS ul uoneddiied pue
yaeqpasy ‘Sunpes) jo awiy pue Ausnbayy patisjeid
‘s|eo8 1a1p pue Ayaide |edisyd tAianaijap jo apow
paJiajaad) uonewdojur jueddiied pasnided sdde
pue 0032k BIA duljaseq e paJayieS uolewiojul

€6=0S 9£’TE=W
:|Wg ‘sansqam ySnoayy
auljuo pue uostad-uj

paynLdal ‘syuapnis 383||0d z§

sjuapnjs asa|
10> Suowe uonuIAIRUI
$50|-1yS1am yaam-g paseq
-ASojouyd3y} e jo Aediys
|eiiut pue ‘Aujiqeidare

vsn ‘Aujiqisea) ayy suiwexs o)

(€10Z) "€ 13
oueyjoden

penuiuo) °t 9jqel



‘pariodas Jou =yN {(1x3}) 2I1AIDS 98eSSAW JIOYS =SS ‘UOlRINSP plepuels = (s ‘ueaw = |y Ajaide [edishyd =yd ‘Suliojie} uewny =|H ‘Sutiojie} Jandwod = |) P0N

Apnis 3y} Jo 9s4nod 3y} o

-y8noJy) 91is 3y} 0} uinjal Apnis ayy jo 9sin0d 3y} JnoySnouy) s|eriajew ay jo
0} pamoj|e asam sjuedii Aue 0} uinjal 0} pamojje a1am sjuedidilied ‘s3dunosal
-1ed ‘uoiipuod 3] ay ul Suroyuow-4as pue poddns apinosd pue siall
sy "aualiadxa |euoresnpa -1eq d1y1dads ssaippe ‘spusawanoidwi Alande edishyd
UMO 13y} 9)eald 0) 3|qe pue Aiejaip 8210jula) 0} pauSisap alam s|elsajew
a1am sjuedpiued ‘swwels dn-mojjo4 ‘sue|d uopde paiojie} dn-mojjo} ay}
-04d siyy Suisn “ewyise 1o Ajijigejieae ayy jo wayy pawuoyul sjuedpiaed ayy
10 sa)aqeIp Se yans 0] Juds |lewd uy dwuweiSoid ay) ojul sa9M 9 pue
‘Buisooyd 19y} Jo 3s ay) ‘¢ ‘T 1@ pasanlap suejd uoipde pasojie} Ag pamojoy
uo s31do} y3jeay Jayjo Maln 9pINS [BI}IUI UB JO PRJSISUOD S|eLIdIRW Paseq-gqam ]
os|e p|nod Asy] ‘Suimainal 'SaNss| 3soy) 0} Palo|
pue Suimala oy uoidas Aue 18] S98ESSaW UM passaippe asam Adediya jo yae|
Su1aes Jo uondo ayy pey pue sialiieq pajd Ajjeanidads @diape Alejaip alow
Jasn ay} ‘nuaw e ySnoay] paniaau Ayaide [eaisAyd ueyy 1aip adueyd oy Ajiqe
*sa18ajeu)s Juawaseuew 1938248 papiodal oym spuedpipied :sassadosd Sul
1ySiam pue ‘sawwels -10|1e} 3y} jo ajdwexa ue papiroid sioyny poddns
-04d pue sja1p ss0|-1yStam |e1dos pue ‘@5ew! Apoq ‘slioys juswaSeuew jySiem
noqe spey quawaseuew snoinaud Joj suonngriye ‘uondwnsuod jey pue aliojed
yS1am Joy uolesedasd ‘ainyipuadxa ASiaua pue uondwnsuod pooy uIIMIaq
qySiamiano si juedpied diysuoneas ay} jo Suipuelsiapun apaq ‘Ayaide
3y} Jayvym Jo suoneu |eaisAyd ‘SBuijes oy sand |edos pue |einoiAeyaq ‘11p
-1waap fySiam Ayyeay Ayyjeay e uo sndoj yasiym ‘suejd juswaseuew jysiam
e Jo suoljjulap ‘Juawase paJojie Ajjenpiaipul sajeald swwesSoud aduejeg ayyL
(s43y30 0} swwesSold -uew jySiam pue jySiem ‘SJUSWB[D BlEP UBIMIA] SyUI|
3y} pusawuwiodal pjnom Jo @ueyiodwi sy 0} pue ejep Juawissasse auljaseq Suisn wyjLoS[e ue uo
A3y Jayym pue ‘quend paje[al SUOIAS pue MaIA pasinap awweiSoid juswaSeuew ySiam djay-jjas
-134 Ajjeuosiad pue ‘puels -19A0 UB papn|dul awweis y9am-9 e ‘3duejeg, pasn jey) (531) walshs padxe s|els9jew juawaseuew
-19pun o} Asea ‘|nydjay -oud ay) ‘ySramiano patojie} e pafojdwa uoipuod patojie ayj ‘(Ajuo 1ySiam Ajuo-uorjewojul
uoljew.Iojul ay) punoy sem juedinied Jaypym -uoljewsiojul 1o paJojie}) a1Isqam aAIadsL 0] ssaIIR §8°'€=(S ‘S0ZE=W paseq-gam yym pased
‘Aj219|dwod uonew.ojul JO UOIJRUIWIRIRP B pue ‘S1Y #Z UIYIM {(SUOIHIPUOD Y10q 10} SWES) dileu WG ts1ahly -wod awwesSoid juswasde
3} peal Jasn ay) Iayiaym) Ajuo-uonew.ojur yyjeay -uonsanb auljaseq ul |1 pue aysqam Apnis uo 1)siSay pue SI3NB|SMaU ‘Si3) -uew jysiam |einolaeyaq
sainseaw ssado.d :Aiepuo /5S0] 1YS1am Y1m 3}Isqam ‘uonualRs -19| Aq paynudal ‘siaquiaw paJojie} paseq-gqam (9002) “|e 19
1Y -29s :afejuadiad sso|-1ySiam 3|qissane Aj3au) 0} sS3DY 907 (Syluow 9 pue ¢ Je) sdn-mo||o} ¢ uoljeinp j33M-9 d)UBURWLID J3SIBY 798°T vsn e Jo fediys ay) ssasse o] 1ayi0y

panuiuo) T ?jqeL



Ryan et al.

11

Mouttapa 2011
Tate 2006

van Genugten 2012
Godino 2016
Napolitano 2013

(?)
?)

(?)

Rothert 2006 ?)
(b)

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Selective reporting (reporting bias)
Other bias (measurement bias)

Incomplete outcome data (attrition bias)

T T T 1
0% 25% 50% 75% 100%

| . Low risk of bias

|:| Unclear risk of bias . High risk of bias

Figure 2. Risk of bias graph for quantitative articles (n==6). (a) Summary of included articles using Cochrane’s Risk of Bias tool. (b)

Summary of risk of bias across studies.

compared computer tailoring to generic information
control,>*¥ 3% or to waitlist control;***! one compared
human tailoring (devised by human health counsellors)
to generic information control;** one used a combina-
tion of computer tailoring and human tailoring® com-
pared with a generic information control.

Computer tailoring, when feedback is delivered by a
system, was implemented through a tailored website
devised by Tailorbuilder®* and a tailored expert system.**

What was tailoring based on and how was it
gathered? (Tailoring input)

Theoretical models of behaviour change are integral to
tailoring and so any difference in theoretical compo-
nents that provides the basis for the tailoring process
may underlie any similarities or differences in interven-
tion outcomes. Four out of six studies mentioned one
or more theories that informed the development of the

intervention: Social Cognitive Theory;*! Cognitive
Behavioural Theory;* Self-Regulation Theory, the
Theory of Planned Behaviour, the Precaution
Adoption Process Model;** and Behaviour Change
Theory comprising Social Cognitive Theory, Control
Theory, Operant Conditioning, Ecological Theory,
and Social Network Theory.”® Tailoring was based
on anthropometric data and personal characteristics
including age, height, weight, gender,*'*? family histo-
ry and prior weight-loss experience;** behaviours
including dietary factors, e.g. calories, level of physical
activity,”*?%323% theoretical concepts such as future
weight goals,>'**3* physical activity and diet goals,*
advantages and disadvantages of weight management,
confidence and willingness to change behaviours,>*
physical  location,®®  whether  self-monitoring
occurred;** high-risk habits,>* health-related habits,
barriers to physical activity; as well as a range of psy-
chosocial characteristics around stress management,
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attitudes to overweight people, comfort eating, and
sources of motivation to lose weight, among others>>
(see Table 2 for further details).

Tailoring input, which provided the basis for the
process of tailoring was gathered using online question-
naires at baseline,*"** web-based diaries,** via purpose-
built tailored website,** study-designed mobile applica-
tions,*® SMS messaging,”’ Facebook, and emails from
a remote health coach.*

Self-tailoring or ‘customisation’' reflected personal
preferences, and was based on desired features, e.g.
whether they wanted a newsletter,*' their desired inter-
vention mode of delivery,®’ and how often users
wanted feedback, tracking and goal reviews.*

How was tailoring conducted? Computer tailoring

Dynamic tailoring (based on dietary or physical activ-
ity behaviours or weight, self-monitoring status or
location) was conducted through daily and/or weekly
input®**%33 or less regular input and based on theory,
e.g. recommended every two weeks®® or a self-
determined pattern of tracking and feedback.’® Static
tailoring involved a process of distributing an online
questionnaire at baseline.?'*

Two tailoring approaches were explicitly named and
described: a tailored website® and a tailored
expert system.

One intervention delivered computer-tailored feed-
back and human tailoring via health coaches who also
delivered feedback,*® and whether or not participants
received the intervention depended on the usage of
these components. In the other instance, daily feedback
appeared to be automated as messages were pro-
grammed and feedback was immediate, however it
was not explicitly stated who or what devised the
weekly personalised messages; an automated system
appeared to have gathered daily behavioural data and
this was provided to participants through a secure link
delivered by Facebook message.”* The computer-
tailored feedback in Tate and colleagues’ study’> was
based on the participants’ responses and matched with
a response from a bank of messages previously devised
by experts; a series of decision rules ensured that auto-
matically generated feedback was provided on
the webpage.

As an example of an in-depth level of computer tai-
loring, Rothert et al.* described the action of the tai-
lored expert system in their intervention:

participants reporting a family history of a particular
disease received information regarding the connection
of obesity to this class of diseases; participants who
reported greater ability to change diet than physical
activity received more dietary advice; specifically cited

barriers and lack of efficacy were addressed with mes-
sages tailored to those issues; psychosocial stress was
compared with reported coping abilities and accompa-
nied with tailored stress management advice; and par-
ticipants who reported that overweight individuals
lacked willpower were given messages attempting to
change this perception to a more controllable, external
attribution (p. 268).

Human tailoring

Tate et al.*®> drew on human tailoring by human coun-
sellors who had behavioural weight-loss experience and
degrees in nutrition, psychology, health education, and
exercise physiology. Feedback was based on their clin-
ical judgement in interpreting the participants’ self-
reported weekly weight, daily caloric intake, use of
meal replacements and exercise, in their electronic,
web-based diaries on the study website. The content
of feedback for approaches involved comparative-
progress feedback for weight, comparative-progress
feedback on calorie goals consumed and burned com-
pared with individualised diet and exercise goals,
behavioural strategies for improving adherence to
self-monitoring diet and exercise, overcoming barriers,
and motivation or praise depending on logging fre-
quency. This detail was not provided in the other
study.?’** Based on the description provided we deter-
mined that feedback was based on app usage, behav-
iours and progress to goals.

How tailored interventions were delivered

A range of modes were used in the delivery of tailored
interventions. Websites were used in all studies.?**% 3
Two used SMS messages as well as Facebook.***° Two
studies used humans to tailor information: one used
health counsellors who contacted participants via
email®® and one used health coaches who could instant
message, telephone or video-call participants.®®

Type of Tailored Strategies and Output

Tailoring strategies were identified from the descrip-
tions in the articles. Content-matching,*'*** evalua-
tive feedback,?#30-31-33.34 descriptive feedback,>*** and
comparative-progress  feedback,?****¥3* identifica-
tion,>* contextualisation,*® as well as self-tailoring (cus-
tomisation)*®*'**  and  personalisation®®  were
implemented by a range of eHealth systems.
Location-tailoring was also used.*°

Output typically consisted of feedback on weight
loss, physical activity and diet (e.g. calories burned
and consumed) compared with individualised diet and
exercise goals.>*#3%31333% yisual graphs of progress,
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behavioural feedback, differential behaviour-change
strategies, personalised certificates and personal
reward plans were also delivered to participants.>*
Output also included a personalised nutrition plan
and newsletter around their goals.®' Feedback on
behaviours such as daily self-monitoring also fea-
tured,”* as did a weight management plan with behav-
ioural strategies (e.g. action plans) matched to the
individual.**

Did tailoring work to increase engagement?

Four studies did not explicitly define engagement
within the context of their intervention. As such,
there was no consistent method of conceptualising
and measuring engagement with eHealth interventions.
Some studies reported usage metrics such as number of
log-ins or use of eHealth features e.g. web-based behav-
ioural diary,*® registration to a website,>' while others
used process evaluations using subjective participant
reports of amount of provided material read.** One
study drew on both online module visits and subjective
process measures.>*

Engagement was explicitly defined in Godino et a
and also in Napolitano et al.** Godino et al.** defined it
as the sum of a participant’s recorded interactions on
the study Facebook page (e.g. a post, comment, or like)
and mobile apps (e.g. entry of the number of steps
taken per day), text messages sent and replied to, and
communication with the health coach between each
study measurement. Napolitano et al. defined engage-
ment as the number of times participants ‘liked’ a
study-related post, posted a comment, and RSVP’d to
an event.”* Tate and colleagues®® examined log-in fre-
quency and number and use of online diary submis-
sions, counting the number of weeks where
behavioural diaries were submitted.

Two articles conducted a process evaluation, captur-
ing participants’ subjective views of the intervention
through  self-report  questionnaires.****  Rothert
et al.*® reported that the tailored group responded
more favourably than the information-only group for
each item, including reading the intervention informa-
tion completely; rating the materials as more helpful,
more personally relevant, and easier to understand;
and reporting that they would recommend programme
to others, all ps=0.0001. In research by van Genugten
et al.* the tailored intervention group also perceived
the material to be more personally relevant, and found
content to be more novel than those in the generic
information group, ps<0.01, but contrastingly
reported that they read less of the information,
p <0.001. They perceived the length of the information
as less appropriate than those in the generic group,
p=0.01. There was no difference among groups in

1.27

their ratings of usefulness of the information, attrac-
tiveness of the design, appreciation of the tool, whether
they would recommend it to others, and overall rating.

Did tailoring support weight loss compared with
control conditions?

A summary of the intervention groups compared with
the controls is provided in Table 3.

Four out of six articles found positive effects for
tailoring on weight loss when compared with generic
or waitlist controls.>**%3*3 Two articles found no dif-
ference between the intervention and control (waitlist®'
and generic information®*). Follow-up time points
ranged widely from 1 month to 24 months.

The effect sizes denoting the mean difference in
weight between intervention and the control groups
ranged from —0.02 to —0.86 but in general are very
small to small.”® In the only article that compared tai-
loring types, there was no difference between human
tailoring and computer tailoring at 3-month follow-up;
both resulted in statistically significant weight loss com-
pared with the control group. However, at 6 months,
human tailoring was still effective in producing weight
loss compared with the control, but this was no longer
the case for computer tailoring.*® Napolitano et al.*
found the largest effect between the tailored vs waitlist
control conditions, d=—0.86, followed by the differ-
ence between the tailored and generic informa-
tion, d=—0.71.

Godino et al.’*® found a significant difference
between groups at 6 month and 12 month follow-ups,
with the tailored intervention resulting in 1.33 kg more
weight loss than the general information control at
both 6 and 12 months (p < 0.05), but there was no sig-
nificant difference at 18 or 24 months, where ultimately
the effect size at 24 months was —0.06. Rothert et al.*?
found a significant difference between groups at 3 and 6
months, (mean weight loss for the tailored groups =2.6
and 2.8 kg, respectively, ps < 0.001) favouring the inter-
vention group, which used a tailored expert system.

Discussion

Summary of key findings

A systematic review of tailored eHealth weight-loss
interventions was conducted on six interventions, out-
lined in eight published articles, to describe how tailor-
ing was implemented, and whether it was effective in
producing weight-loss. Tailored interventions were
found to be more effective in supporting weight loss
than generic or waitlist controls in four of the six
articles. Effect sizes were very small to moderate,
with evidence of fluctuations in effect sizes and
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differences of effect between tailored and non-tailored
interventions, and between tailoring types, over time.

We note the diversity of approaches, input and tech-
nology used in tailored interventions; tailoring included
a range of approaches including computer tailoring
(using purpose-built tailored websites e.g. using
TailorBuilder** and tailored expert systems®?), human
tailoring (by remote trained health counsellors®®) and a
combination of the two techniques.*® Tailoring was
based on a range of inputs, including anthropometric
data (e.g. weight) and personal characteristics (e.g. age,
prior weight-loss experience), behaviours (e.g. dietary
intake, physical activity), goals (e.g. weight goal), the-
oretical determinants (e.g. confidence/willingness to
change behaviours) psychosocial factors (e.g. stress
management, social support) and location. A range of
tailoring strategies was implemented, including evalua-
tive- and comparative-progress feedback and content-
matching, as outlined by Harrington and Noar.'¢

Tailoring input was gathered using a variety of tech-
nological modes and included static processes of data
collection from online questionnaires at baseline.®'*
Dynamic processes also occurred where rolling input
was gathered from web-based diaries,*> via a
purpose-built  tailored  website,**  study-designed
mobile applications®® and SMS  messaging.”*
Conceptualisation of engagement with tailored inter-
ventions was not uniformly defined. Our findings sug-
gest that tailored materials were rated by participants
as more personally relevant, more helpful, easier to
understand, more likely to be recommended to
others, and more novel than those in the generic infor-
mation group.

The first goal of this review was to describe how
tailoring was implemented in eHealth interventions.
We have described a range of methods, inputs and
technology used as part of tailored interventions.
Previous reviews describing eHealth interventions
have also found heterogeneity in approaches, so this
was no surprise given the ubiquity of the Internet
and the range of delivery options it affords.”® With
this advance in delivery methods comes new opportu-
nities for tailoring health information, and we have
found that tailoring is being increasingly used in inno-
vative ways. However, if we are to build the science of
tailoring it is imperative that the strategies reported in
existing tailoring specification efforts'>'® are used. In
addition, the input or basis for tailoring should be
specified as well as who/what devises tailoring output.

In this vein, our review has attempted to describe the
range of tailoring approaches delivered by eHealth
means. In Kreuter’s® much cited original definition,
tailoring is defined as the provision of individualised
information, advice and support based on the partici-
pant’s known characteristics, behaviours or scores on

relevant theoretical constructs. To aid the conceptual-
isation of tailoring in this context, we devised a model
of tailoring depth, which we refer to as deep- and sur-
face levels of tailoring (see Figure 3). This model is by
no means exhaustive but we feel it is a step in the right
direction in terms of differentiating between types of
tailoring input to provide the basis for tailoring. It
incorporates concepts discussed by Resnicow et al. in
developing culturally sensitive public health interven-
tions.*® These concepts include surface structures, in
other words relating to observable or behavioural char-
acteristics of a population, and deep structures, relating
to psychosocial, cultural and historical factors of a
target population. This model indicates the distinctions
made when the process of tailoring is based on behav-
iours or observable factors and when it is based on
theoretical constructs, and allows for a combination
of these. This builds upon Morrison’s assertion that
tailoring strategies can range from relatively simple
e.g. employing the user’s name, to the more complex,
e.g. adapting content to personally relevant variables.'*
Deep-level tailoring refers to tailoring message content
based on theoretical determinants of a specific health
outcome, and the content that is delivered aims to
modify these through strategies, for example like
content-matching and evaluative feedback. In our
review, input for deep-level tailoring was captured
using a questionnaire at baseline (static tailoring).>?
For example, participants who reported a greater abil-
ity to change their diet at baseline compared with those
who reported greater ability to change their physical
activity received more dietary advice.>> Deep-level tai-
loring was also conducted in a dynamic manner, gath-
ering theory-based input via modules, using more than
one assessment point, in order to ensure the interven-
tion remained suitable to the needs of participants.®*
This is referred to as ‘re-tailoring’ where new informa-
tion from participants is obtained and feedback given
at follow-up time points.>” It was recently found that
participants disengage from eHealth interventions
because they believe they are no longer relevant to
them and their needs.®® As such, a more continuous
process of adapting and delivering content to the indi-
vidual may be a promising route.

Surface-level tailoring is a more concrete but simpler
process, when tailoring is based on participants’ (ongo-
ing) self-reported behavioural data, e.g. amount of
physical exercise or dietary intake, and evaluative or
comparative-progress feedback is delivered on this
basis with the aim of keeping participants on-track
with their behavioural goals. We suggest that this
type of tailoring is no less important, but is conducted
on the basis of behaviours or observable factors, typi-
cally relying on more frequent input (e.g. daily or
weekly). This process aligns with self-regulation
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Static (oneXoff) data
collection at baseline
or "Rektailoring”

Deep-level tailoring
Based on theoretical
determinants of
behaviour (e.g. self-
efficacy for diet change)

Dynamic (daily / weekly
data collection)

Surface-level tailoring

Based on behavioural
performance, e.g.

Tailoring strategy
(via human
tailoring or
computer-

tailoring)

Content-
matching;
Evaluative

feedback

Descriptive
feedback;
Evaluative
feedback;
Comparative-
progress
feedback;

15,16

Tailored Output
examples

Situation-specific
coping plan;
Decisional balance
report advantages
and disadvantages
Personalised
reward plan

Confirmation of
daily self-
monitoring;
Evaluation on
progress toward
physical or
dietary goals;
Weight status
depicted on

dietary intake, exercise,

graph; Exercises

4 ContextXtailoring
location (location) provided if at
home

Figure 3. Model of tailoring depth.

theory in that it enables the participant to learn to self-
monitor and regulate their behaviour in line with their
goals.*® There may be a fundamental difference in the
mechanisms at play behind this tailoring approach
compared with deep-level tailoring, but this will need
to be tested empirically in future research.

Tailoring may initiate processes of behaviour
change, and it is possible that these processes in turn
influence the efficacy of, and engagement with tailored
interventions. Dynamic processes of tailoring, includ-
ing movement between surface and deep level, or by
tailoring type (e.g. human or computer), must be exam-
ined in relation to the efficacy of the intervention. For
example, in the only study to examine human vs com-
puter tailoring, both of these groups were effective at 3-
month follow-up, however at 6 months, the human-
tailoring group had significantly greater weight loss
than the control.*® This indicates the possibility that
over time, the effects of tailoring will vary, and this
variation may be related to an interaction on
intervention-type by intervention-time. For example,
at some intervention phases it may be more effective
for a computer-tailored vs a human-tailored interven-
tion to be implemented. This is linked to the suggestion
that interactivity should be considered in developing
effective eHealth interventions.” This also highlights
the concept of engagement, an under-considered
factor in the research design or assessment of factors

influencing intervention efficacy. We note that engage-
ment was not explicitly defined in the majority of
included studies (N =4), and among those that did, it
was conceptualised in a variety of ways mostly in rela-
tion to interaction with study-related content but also
through process evaluations of the interventions.

This is in line with how engagement has been concep-
tualised in eHealth interventions — in terms of both par-
ticipant experience and behaviours.** Future efforts to
examine tailoring in eHealth interventions should mea-
sure engagement both in terms of participants’ objective
usage of intervention components (e.g. behavioural-
through log-in metrics, usage data) and subjective expe-
rience (e.g. through process evaluations, participant
interviews or surveys). This will enable an assessment
of the extent to which tailoring (and indeed other inter-
vention features and components) works the way it is
theorised to (e.g. via mechanisms of increasing atten-
tion, increasing self-referential thinking'®) and will pro-
vide a platform for future efforts to develop enhanced
tailoring approaches addressing these mechanisms.

The second aim of the review was to establish
whether tailored eHealth interventions result in
weight loss compared with a generic control. Effect
sizes were modest, comparable to other reviews in
health behaviour change.'®'” However, it has been
shown that modest weight loss (3-5% of pre-test
body weight) is enough to have a beneficial health
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impact, e.g. reducing blood pressure, HbA lc, triglycer-
ides and LDL cholesterol*' and so, even modest effects
are desirable.

Four out of the six studies found beneficial effects
for the tailored arm of eHealth weight-loss interven-
tions. The two studies that found no effect were less
intensively focused on weight loss, as both had a fur-
ther aim in addition to weight loss, with Mouttapa
et al. aiming to additionally provide a dietary interven-
tion®' and van Genugten et al. to also prevent weight-
gain.** While they met the criteria for the study, these
findings suggest that the intensity of the intervention
plays a key role, for example, in the study by van
Genugten et al., even though the intervention was rig-
orously developed using behaviour change theory, the
intervention could be finished within 90 minutes.** This
may suggest that though tailoring was not found to be
successful in that case, it may have been that the behav-
ioural ‘dose’ of the intervention was not high enough.
The other studies suggest that the effect of tailored
eHealth interventions for weight loss is effective up
until 1 year with no evidence at follow-up after
this point.

Limitations

The number of completed studies using tailored strat-
egies and the Internet to support weight loss in our
results belies the number of studies available for
review. Despite significant effort, we were unable to
secure data on weight for four studies, as weight was
not reported in the published record or provided on
request, and our results must be considered in
this context.

Our review featured participants predominantly
from the general population (82.5% of participants)
and this suggests that effective tailored approaches
can be delivered via the Internet in a scalable manner
for weight loss. However, we did not include interven-
tions addressing weight-loss maintenance or weight-
gain prevention as part of this review, which are also
important foci for population-wide obesity strategies.
We note that these are important areas deserving of
research attention, however interventions that address
these aims differ in intensity to those addressing weight
loss and so we advise a delineation of behaviour type to
explicate if and how tailoring is effective. The use of
tailored eHealth tools in weight-gain prevention and
weight-loss maintenance should be examined in future
work as we attempt to support both those at risk of
becoming overweight and those who need to maintain
weight loss in a cost-effective, scalable and effec-
tive manner.

Conclusions

eHealth interventions for weight loss are promising in
terms of being scalable and effective,” but it is necessary
to find strategies that help eHealth interventions chan-
nel the effectiveness of traditional in-person behaviou-
ral counselling approaches.>”** Tailoring is one
approach that shows promise. We have found tailoring
to have a small but beneficial effect on weight loss in
four out of six studies in this review, yet tailoring
approaches varied considerably even for one clearly
defined health outcome (weight loss) and mode of
delivery (Internet). To ameliorate this going forward
and to build on previous research, we propose a
model of tailoring depth, suggesting that there may
be conceptual differences in tailoring approaches.
Concepts of deep- vs surface-level tailoring could be
tested experimentally to assess the mechanisms or
effects of tailoring on the basis of input type, be it
theoretical determinants, behavioural input or other
tailoring input type. In order to develop the science
of tailoring within the domain of eHealth interventions
for behaviour change, it is vital to improve research
designs (e.g. use tailoring vs generic control group)
and methodologies (e.g. use the tailoring strategies
and guidelines recommended in this field)'® and in the
wider domain of health behaviour change (e.g. by
reporting behaviour-change techniques).*?
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