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Abstract

Background: Affordability of healthcare systems depends on populations’ engagement in preventive health behavior and
appropriate self-management of long-term conditions. Digital health interventions (DHIs) could facilitate this by prompting and
supporting individual health-behavior change. Behavior change is often undermined by sub-optimal prioritization of goals.
Therefore, DHIs aiming to promote behavior change should help users identify behavior patterns that need changing and scaffold
goal prioritization.

Objective: This scoping review explores the extent to which DHIs are supporting users to identify and prioritize goals relevant
to managing and improving health.

Methods: The review followed the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews). Web of Science (Core Collection), Scopus, Ovid (Embase, MEDLINE, PsycINFO, Global
Health) and EBSCOHOST (Academic Search Complete, CINAHL Complete) were searched for literature on the development
and evaluation of digital interventions that 1) assess the user’s current health and/or health-related behaviors, and 2) offer
support on prioritization of health-related goals.

Results: Fifty-six papers were included. These identified 19 unique DHIs. Targeted populations included the general population
(n=10), those at risk of, or diagnosed with, cardiovascular disease (n = 4), at risk of, or diagnosed with, diabetes (n = 2),
diagnosed with cancer (n = 2), or diagnosed with HIV (n = 1). One DHI targeted pre-conception, African American women. All
DHIs targeted physical activity and most (n=17/19) targeted diet and smoking, closely followed by alcohol use (15) and mental
health (13). Social wellbeing (5), sleep (4), and pain (1) were less commonly included. All 19 DHIs included a health risk
assessment (HRA) with feedback identifying health domains in need of improvement, but only four asked users to select a
prioritized change goal. Outcome evaluations were conducted for most (14/19), with nine DHIs evaluated using at least one
randomized control trial (RCT). Almost half of all DHIs (9/19) reported at least one evaluation of behavioral outcomes, mostly
employing RCTs (7/9). Six of 19 reported at least one evaluation of psychological health outcomes, again mostly employing
RCTs (5). Among the seven DHIs for which behavioral outcomes were evaluated using a RCT, effects were mixed, with only
one DHI showing significant effects across all behavioral outcomes measured. Three found significant effects for some, but not
all, outcomes or timepoints, and three found no significant effects.

Conclusions: Although all 19 DHIs provided some advice about which health-related goals to prioritize, most did not actively
prompt users to set such priorities. DHIs showing the most promise in terms of health-behavior change were those that explicitly
promoted users to prioritize changing specified health behaviors. This review highlights how DHIs could provide greater
behavior-change support and provides the basis for designing more effective DHIs.
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Digital Health Interventions Providing Behavioral Assessment and
Goal Prioritization Support: A Scoping Review 

Abstract

Background: Affordability of healthcare systems depends on populations’ engagement in preventive
health  behavior  and  appropriate  self-management  of  long-term  conditions.  Digital  health
interventions (DHIs) could facilitate this by prompting and supporting individual health-behavior
change.  Behavior  change  is  often  undermined by sub-optimal  prioritization  of  goals. Therefore,
DHIs aiming to promote behavior change should help users identify behavior patterns that need
changing and scaffold goal prioritization. 
Objective: This scoping review explores the extent to which DHIs are supporting users to identify
and prioritize goals relevant to managing and improving health. 
Methods:  The  review followed  the  PRISMA-ScR  (Preferred  Reporting  Items  for  Systematic
Reviews  and  Meta-Analyses  extension  for  Scoping  Reviews)  guidelines.  Web of  Science  (Core
Collection),  Scopus,  Ovid  (Embase,  MEDLINE,  PsycINFO,  Global  Health)  and  EBSCOHOST
(Academic Search Complete, CINAHL Complete) were searched for  literature on the development
and  evaluation  of  digital  interventions  that  1)  assess  users’ current  health  and  or  health-related
behaviors, and 2) offer support on prioritization of health-related goals.  
Results: Fifty-six papers  were included.  These  identified  19 unique DHIs.  Targeted populations
included the general population (n=10), those at risk of, or diagnosed with, cardiovascular disease (n
= 4), at risk of, or diagnosed with, diabetes (n = 2), diagnosed with cancer (n = 2), or diagnosed with
HIV (n  =  1).  One  DHI  targeted  pre-conception,  African  American  women.  All  DHIs  targeted
physical activity and most (n=17/19) targeted diet and smoking, closely followed by alcohol use (15)
and mental health (13). Social wellbeing (5), sleep (4), and pain (1) were less commonly included.
All 19 DHIs included a health risk assessment (HRA) with feedback identifying health domains in
need  of  improvement,  but  only  four  asked  users  to  select  a  prioritized  change  goal.  Outcome
evaluations  were  conducted  for  most  (14/19),  with  nine  DHIs  evaluated  using  at  least  one
randomized control trial (RCT). Almost half of all DHIs (9/19) reported at least one evaluation of
behavioral outcomes, mostly employing RCTs (7/9). Six of 19 reported at least one evaluation of
psychological health outcomes, again mostly employing RCTs (5). Among the seven DHIs for which
behavioral outcomes were evaluated using a RCT, effects were mixed, with only one DHI showing
significant effects across all assessed behavioral outcomes. Three found significant effects for some,
but not all, outcomes or timepoints, and three found no significant effects. 
Conclusions: Although  all  19  DHIs  provided  some  advice  about  which  health-related  goals  to
prioritize, most did not actively prompt users to set such priorities. DHIs showing the most promise
in terms of health-behavior change were those that explicitly promoted users to prioritize changing
specified health behaviors. This review highlights how DHIs could provide greater behavior-change
support and provides the basis for designing more effective DHIs.

Keywords: Self-assessment; digital coach; health self-management; goal prioritization; personalized
support; mHealth interventions
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Introduction

Digital Health Resources for Better Health Self-Management

The availability of digital health (or eHealth) resources that aim to facilitate health and wellbeing has
grown exponentially. Estimates of available mobile health applications range from 54,000 to more
than 350,000 [1], with health and fitness apps alone said to have yielded US$4.45 billion revenue in
2023 [2]. This does not include the abundance of websites offering health support. Following this
growth,  research  has  expanded rapidly  with  a  focus  on  the  impact  of  such resources  on  health
behavior change [3]. Researchers have used several terms to refer to technology-based resources that
aim to change behaviors, including persuasive technology [4], persuasive systems [5] and behavior-
change  support  systems,  which  Oinas-Kukkonen  [6]  defined  as,  “a  sociotechnical  information
system with psychological and behavioral outcomes designed to form, alter, or reinforce attitudes,
behaviors or an act of complying without using coercion or deception” (p. 1225). We will use the
term “digital health interventions” (DHIs) to refer to such systems.  

The convergence of digital technology and healthcare has generated accessible DHIs that have the
potential to promote individual health self-care across geographic, chronological and socioeconomic
boundaries. Previous reviews of such DHIs and other digital health promotion resources have been
conducted and have highlighted and discussed variability in intervention content [e.g., 7-9], but have
failed to identify key intervention components that could distinguish between more or less effective
DHIs [10]. Identifying these elements is crucial given that the results of DHI evaluations have been
less than promising. For example,  a meta-analysis  of 156 “rigorous” health app evaluations [11]
found  that  they  conferred  “a  slight  or  weak  advantage  over  standard  care”  (p.10)  with  high
heterogeneity of findings, meaning some delivered positive effects while others did not. So why is
the substantial effort devoted to DHI development resulting in such limited health impact? We focus
on the importance of goal selection and goal prioritization.

The Need for Identification and Prioritization of Goals
One reason for limited impact may be that DHIs start in the wrong place, with many DHIs assuming
that  the  user  has  already prioritized  goals  advocated  by  the  DHI [12].  In  reality,  users  may be
considering such goals in the context of multiple valued goals and without much thought regarding
prioritization [13-16]. This lack of prioritization increases the chances of unsuccessful goal pursuit. 

Goal  prioritization  is  critical  because  people  have  limited  cognitive  and emotional  resources  to
devote to goal pursuit [17-19]. The presence of multiple valued goals competing for such resources
increases the likelihood of people shifting their focus away from any particular goal towards another,
resulting in poor goal persistence and failure to establish routines and habits that can sustain new
behavior patterns over time [20-24]. Goal prioritization has been shown to support sustained goal
pursuit in the face of competing goals by providing protection against goal shifting [25-28]. This
includes health goal prioritization, which has been shown to lead to greater health behavior change
[25, 26]. 

Whilst some users will have already learnt to deploy goal prioritization, many will not. Engaging and
helping this latter group with prioritization, particularly those with multiple health needs and at high
risk of poor health outcomes, is fundamental to community and population-level health improvement
[29].  Such support should result  in better  individual choices in terms of health goal pursuit  and
greater  commitment  to  goals.  This,  in  turn,  will  increase  the  chance  of  successful  change  and,
thereby, optimize population change in relation to future health and well-being. 
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Some  DHIs  provide  goal  prioritization  support  through  inclusion  of  Health  Risk  Assessments
(HRAs). HRAs invite users to reflect on, and report, their health and health behavior patterns, using
questionnaires  and  sometimes  laboratory  (e.g.,  blood)  tests.  This  is  generally  followed  by
personalized  feedback  identifying  assessed  health  domains  (e.g.,  physical  health,  diet,  sleep)  or
specific behavior patterns (e.g., for diet: consumption of saturated and trans-fats) that can reduce
health risks. HRAs were widely used to promote health behavior change in the 1980’s [30, 31], and
digital  HRAs are  still  widely  available  through worksites,  universities,  healthcare  organizations,
insurance companies,  and governmental  health department  websites.  Although HRAs can collect
health behavior data and provide feedback using low-cost and accessible tools, their effectiveness as
standalone interventions has been limited [32, 33]. A newer generation of HRAs, which also assess
psychological antecedents of behavior change, such as motivation, readiness to change, perceived
need to change and confidence in change success (i.e., self-efficacy; [34]), have shown improved
effectiveness [35, 36]. Nonetheless, there is considerable variability in design and effectiveness of
digital HRAs and it is unclear what constitutes best design practice. 

Objective
Research indicates that DHIs will be more effective if they provide support for goal prioritization.
We suggest that DHIs should begin by assessing a comprehensive range of health indicators and
health-related  behavior  patterns  and,  where  possible,  additional  indices  (such as  biometrics  and
health diagnoses). Such assessment would enable the identification of health goals that would have
the greatest impact on a user’s health. A DHI could then provide practical advice on goal selection
and prioritization, based on the likely costs and benefits from both an epidemiological perspective
(i.e.,  potential  health gains) and the user’s situation and preferences, including their  abilities and
readiness to pursue specific goals. Once priorities had been established, such DHIs could provide
behavior  change  support  for  prioritized  goals,  including  techniques  shown to  promote  behavior
change, such as defining SMART goals and implementation intentions (or If-Then planning) [37,
38]. 

The aim of this review was to identify the availability of DHIs that provide support for health-related
goal identification and prioritization. We sought to identify DHIs that include two key elements of
behavior-change support: First, an assessment of the user’s current health status or health behaviors
across  at  least  two health  domains  (e.g.,  physical  activity  and sleep)  to  enable  identification  of
priority domains or behavior patterns in need of change. Second, some form of support for goal
prioritization.  We characterize  how assessment and prioritization support were operationalized in
DHIs and describe evaluation practices and findings. 

Methods

Data Sources and Search Strategy

We developed the protocol for this scoping review following the guidelines of the PRISMA-ScR
(Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-Analyses  extension  for  Scoping
Reviews; [39])1. No additional measures were taken to mitigate potential selection or publication
biases.  The  protocol  was  extensively  discussed  between  all  authors  but  was  not  registered  or
published  prior  to  execution.  In  line  with  recommendations  [40],  the  following  databases  were
searched by the lead author in September 2022: Web of Science Core Collection, Scopus, OVID
(Embase,  MEDLINE,  PsycINFO,  Global  Health,  Health  and  Psychosocial  instruments), and
EBSCOhost (Academic Search Complete, Cumulative Index to Nursing and Allied Health Literature
1
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Complete). Individual search strategies were created for each database with search terms mapping
onto five main areas of interest (see Table 1 for an example of search terms mapped onto the areas of
interest). 

Table 1. Search terms used for Web of Science database mapped onto areas of interest.
Area of interest Search terms
1. Digital technology online OR digital OR internet OR web* OR mHealth OR eHealth OR mobile*
2. Focus on health,  health-related lifestyle,
and/or  long  term  non  communicable
diseases

health OR "long term condition*" OR "long term ill*" OR "chronic disease*" OR
"chronic*  ill*"  OR  "chronic  condition*"  OR  "non  communicable"  OR
noncommunicable OR NCD* OR comorbid* OR lifestyle

3.  Focus  on  behavior  change  or  self-
management

self-manag* OR self-monitor* OR behavio* NEAR/1 change OR lifestyle NEAR/
1 change OR modif* NEAR/1 behavio* OR modif* NEAR/1 lifestyle OR health
NEAR/1 *manag* OR condition NEAR/1 *manag* OR disease NEAR/1 manag*
OR behavio* NEAR/1 manag* OR improv* NEAR/1 health OR improv* NEAR/1
lifestyle OR "behavio* intervention" OR "lifestyle intervention"

4.  Resource  provides  an  assessment  of
current  health,  health-related  behaviors,
and/or lifestyle 

health* NEAR/1 assess* OR lifestyle NEAR/1 assess* OR risk* NEAR/1 assess
OR health* NEAR/1 evaluat* OR lifestyle NEAR/1 evaluat* OR risk* NEAR/1
evaluat*

5.  It  provides  personalized  support  in  the
selection of health-related priority goals

prioriti* OR select* OR choose OR "decision support" OR "decision tool*" OR
"decision  aid*"  OR  "competing  goal*"  OR  "competing  behavio*"  OR  "focal
goal*" OR "focal  behavio*" OR "traffic light"  OR recommend* OR advi* OR
decid*

Note. The above search terms were combined as follows: 1 AND 2 AND 3 AND 4 AND 5. The search field was set to Topic for each row of search
terms.  

To create a comprehensive overview of publications relating to each included DHI, we performed
both  forward  (publications  citing  the  article)  and  backward  (publications  cited  by  the  article)
searches of publications that described a DHI that met or could meet our inclusion criteria. In some
cases  where the originally  retrieved publication was ambiguous  in  terms  of  eligibility  (e.g.,  not
enough detail describing the DHI), forward and backward searches enabled us to reach a conclusive
decision. 

Eligibility Criteria
To be included, publications had to be in English and be peer-reviewed. Furthermore, publications
had  to  adhere  to  our  eligibility  criteria  aligned  with  an  adapted  version  of  the  Population,
Intervention, Context, Outcome approach [41, 42]. 

Population

To be included, a key function of the DHI had to be support of users with health self-management.
As a result, any DHIs primarily providing support to people other than the person being assessed
(e.g.,  a  resource providing support  to  healthcare providers  or  carers  by assessing patients)  were
excluded.

Intervention

The DHI had to provide its users with prioritization support. This had to include both assessment and
prioritization  components,  with  both  components  covering  primary,  secondary,  and/or  tertiary
preventive health behaviors or goals (e.g., physical activity, sleep, alcohol use, stress management)
and/or  health  behaviors  associated  with  managing  long-term health  conditions  (e.g.,  medication
adherence,  treatment  adherence,  condition  monitoring  tasks).  Specific  requirements  for  each
component are listed below. 

Assessment Across Multiple Domains. The DHI had to assess health-related behaviors across at least
two health domains (e.g., physical activity and dietary health, or alcohol use and sleep). We use
“domain”  to  refer  to  a  group  of  health-related  behavior  patterns  relevant  to  a  particular  health
outcome.  For example, the domain ‘sleep’ may include both responses to sleep disruption as well as
sleep-hygiene  behaviors.  Similarly,  ‘physical  activity’ may  include  both  exercise  and  sedentary
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behaviors.  In determining DHI inclusion eligibility,  we focused on domains,  rather than specific
behavior patterns, because behavioral goals within the same domain are typically “complementary”
rather than competing [43].  Consequently,  there is  less of a  need to  prioritize among them. For
example, focusing both on increasing exercise and decreasing sedentary behaviors does not create
goal conflict. In summary, we excluded DHIs that only assessed behavior patterns in one domain
(e.g., only physical-activity-related behaviors). In addition, we excluded DHIs that provided support
across multiple domains but did not assess users in more than one domain. 

Prioritization Support. To be included, DHIs had to assist the user in selecting and prioritizing health
domains or associated behaviors. To enable inclusion of as many DHIs as possible we allowed this to
be very basic. For example, providing assessment-based feedback regarding which assessed health
domains or associated behaviors needed attention (e.g., using a traffic light system). More elaborate
prioritization support could include helping the user select priority goals based on assessment of
health and health behaviors, motivational readiness, personal barriers, and preferences. This means
that DHIs were excluded if they did not, at the very least, use health assessment data to provide the
user with personalized advice or feedback on which health domains or associated behaviors posed a
user-relevant health risk. Further, the need to directly link prioritization support to assessment meant
that  DHIs  which  provided  prioritization  advise  on  health  domains  or  behaviors,  without  first
assessing them (e.g., advising users to increase exercise and improve diet without having assessed
users’ current exercise and dietary behaviors) were also excluded.

Context

The assessment and prioritization components of the DHIs had to be digital in nature. When a DHI
employed a combination of automated digital support and in-person or digital person-based support
(e.g.,  telehealth  or  an  online  coach),  only  those  DHIs  where  the  assessment  and  prioritization
components could each be completed in a fully automated manner, albeit with missing data (e.g.,
biometric  data  that  can  only  be  collected  by  a  clinical  professional,  such  as  blood  glucose  or
cholesterol  assessments) were included.  Thus,  DHIs in which  either assessment  or prioritization
support could not be completed without involvement of another person were excluded, even when
this  interpersonal support was provided through an online or telehealth platform. However,  DHI
components following the prioritization stage could be digital, in person, or a combination of both. 

Outcome

Our objective was to review  developed DHIs that met our inclusion criteria,  regardless of study
design or article type. So we included any publication that 1) reported on the development of a DHI
if it had resulted in a functioning DHI that met our inclusion criteria, 2) reported on a current or
prospective evaluation or implementation of an existing DHI that met our criteria (e.g., feasibility
and  acceptability  studies,  randomized  controlled  trials  (RCTs),  economic  evaluations,  protocol
papers for existing resources, implementation papers), or 3) reported on a DHI meeting our criteria,
even if the DHI was not the primary focus of the study. 

We excluded review papers and conceptual  papers as well  as publications that  failed to provide
evidence that the DHI was operational. For example, projections of future developments.

Screening and Selection
Results  from  each  database  were  exported  to  a  reference  manager  (EndNote  v20.6,  Clarivate
Analytics).  Prior  to  screening  for  eligibility,  duplicates,  publications  in  a  language  other  than
English,  and  publications  that  were  identified  as  scoping  reviews,  systematic  reviews,  or  meta-
analyses  were  removed.  Each  stage  of  the  screening  process  is  presented  in  Figure  1.  Titles,
abstracts,  and full  texts  were  all  assessed  by (IM).  During  the  title  and abstract  stage,  40% of
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publications were independently screened by (CA) while, during the full-text article screening stage,
10% of publications were independently assessed by (CA). All disagreements were resolved through
discussion. 

Data Extraction and Charting
For each included publication, data was extracted by (IM) into a spreadsheet. First, the following
information was extracted from each publication to identify and map publications relating to the
same DHI: first  author  surname,  year  of publication,  article  title,  journal,  and name of the DHI
(where available). Then, at article level, the following additional data was extracted and charted in
Table 2: i) the focus of the publication (i.e., development, protocol, or evaluation) and, for evaluation
reports,  ii)  the  type  of  evaluation  (i.e.,  process,  outcome (including RCT:  yes/no),  or  economic
evaluation). Next, at DHI level, the following data was extracted: a) country of development (based
on country of the first author, or, when unavailable, primary contact), b) technology platform used, c)
details on how data privacy was handled, d) target population, e) development, including theoretical
underpinning, f) assessed behavioral health domains, as well as other assessed health-related factors,
including factors that might inform the level of health risk across different areas of health (e.g.,
psychological health factors, social health factors, biometric data, family history), g) description of
prioritization support, h) support beyond prioritization, and i) use of prompt to encourage user to
revisit  the DHI or continue goal  pursuit.  Component g (prioritization support)  was Prioritization
support  was evaluatedcharted  in  relation to  two criteria.  First,  feedback provided on assessment
results.  We regarded  this  as  the  most  basic  level  of  prioritization  support.  These,  where  DHIs
provided personalized information about which domains or behaviors may be more or less in need of
change. Second, we identified DHIs that explicitly prompted, or assisted,  the user in selecting a
particular health domain or behavior pattern as a priority for change. Components a-f are reported in
Table 3 and components g-i are reported in Table 4. Finally, for outcome evaluations that used, at
minimum, a pre-post (AB) design, the key findings of that evaluation were charted in Table 5. Impact
measures  for  effectiveness  were  classified  as  significant  improvements  in  health  behaviors,
physiological  health  outcomes,  psychological  health  outcomes,  social/environmental  health
outcomes, or antecedents of health outcomes (e.g., knowledge, skills). Note that we do not report
outcome data based on post-intervention assessment when no pre-intervention or cross-condition
comparison was available.

Results

Study Selection
Database searches were executed on Monday September 22nd, 2022. Across databases, the searches
identified  2235  records.  After  removing  duplicates,  non-English  records,  and  review  papers
(identified through the Endnote search function and then manually verified as being scoping reviews,
systematic reviews, and/or meta-analyses), 880 records remained. These records were screened by
IM based on title and abstract. Then CA screened 360/880 records, yielding a satisfactory inter-rater
reliability  (Kappa)  of  .84.  Had  less  agreement  been  found  we  would  have  conducted  further,
independent  inter-coder  reliability  checks.  For  the  24  publications  that  resulted  in  disagreement
between authors based on title and abstract assessment,  agreement was reached through detailed
discussion. 
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Of the 96 publications retained for full text screening, 94 were successfully retrieved. IM screened
each article and conducted a forward and backward search on any articles describing a DHI that met
or could meet our inclusion criteria to identify additional publications reporting the same DHI. Next,
(CA) 

Records removed before screening:
Duplicate records removed (n =
909)
Non-English  records  removed
(n = 6)
Records  removed  based  on
being a review paper (n = 440)

Records identified from:
Web of Science (n = 457)
Scopus (n = 697)
Ovid (n = 445)
EBSCOhost (n = 636)

Total records (n = 2235)

Identification

Records excluded (n =784)
Records  screened  based  on
title and abstract (n = 880)

Full  text  articles  sought  for
retrieval (n = 96)

Full text articles not retrieved (n =
2)

Screening

Full  text  articles  excluded  (n  =
63):
 Not peer-reviewed (n = 4)
 Conceptual paper only (n = 4)
 No self-assessment (n = 2)
 Singular focus (n = 13)
 Assessment  or  prioritization

not digital (n = 7)
 No  prioritization  support

based directly on assessment
(n = 25)

 Insufficient  information  (n  =
8)

Full  text  articles  assessed  for
eligibility (n = 94)

Full  text  articles  included  in
review (n = 31)

Additional  articles  identified
through  backward  and  forward
searching (n = 25)

Total full text articles included in
review (n = 56)
 
Unique  digital  health
interventions covered by articles
(n = 19)

Included
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screened  a  randomly selected  10  percent  of  retrieved  articles  (nine  articles).  Reviewing authors
independently agreed on all but one article and then agreed on the last one through discussion. A
further  seven  full-text  publications  that  were  initially  to  be  screened  only  by  the  lead  author
contained interventions that were judged to be ambiguous in terms of their eligibility. Hence, these
publications,  and  any  publications  associated  with  the  same  DHI  found  through  forward  and
backward searches, were also co-evaluated by (CA) with agreement reached on all.

Overall,  screening resulted in  31 of  the retrieved full  text  articles  being included,  and 63 being
excluded.  The primary  reasons for  exclusion are  reported  in  Figure 1.  An additional  25 articles
relating to the DHIs covered by the 31 articles included from the search results were found through
forward and backward searching, resulting in a total of 56 articles being included. These 56 articles
reported 19 unique DHIs, with one DHI containing two versions, one for the general population and
one for a specific sub-population. Table 2 provides an overview of how the 56 included publications
were related to each of the 19 DHIs based on their reporting focus, categorized in terms of whether
they reported DHI development, a protocol for evaluation, a process evaluation (including feasibility
and acceptability), an outcome evaluation, an economic evaluation, or a secondary analysis [44].
Each DHI was given a unique letter-based identifier (A-S).

Intervention Characteristics  
Characteristics of the 19 DHIs are presented in Table 3.  Eight were developed in the Netherlands (H,
I, J, L, M, N, P, S), five in the United States (B, C, D, F, R), two in Canada (K, Q) and one in each of
Australia (G), France (O), Portugal (E), and the United Kingdom (A).

The most common DHI delivery-mode was via a website (n = 16). Three (A, H, O) were delivered
through a mobile app. One DHI combined website delivery with email (B) and another mentioned
use of a conversational agent (F). A small majority (11/19) of DHIs were said to have taken account
of data privacy and security issues (A, B, E, I, J, K, L, N, P, S, R). Seven DHIs (A, I, J, L, N, P, S)
used a username with password combination for protected access, and one (E) stated that all data was
recorded in an anonymous manner. One mentioned use of a firewall (N), and four mentioned being
compliant with government or industry standards or regulations (B, E, K, R). 

More than half (n = 10) of the 19 DHIs were developed to target the general population (B1, C, D, E,
H, J, N, O, Q, S) with three of these being delivered within a healthcare setting (D, Q, S). The
remainder targeted populations at risk of, or diagnosed with, cardiovascular disease (n = 4; K, M, P,
R), diabetes (n = 2; A, B2), cancer (n = 2; I, L), or HIV (n = 1; G). One DHI targeted pre-conception,
African American women (F).

Theoretical underpinnings

Of the 19 DHIs, 12 had clear theoretical underpinnings (Table 3). Many claimed to have applied
psychological theories such as the Transtheoretical Model (n = 7; A, B, M, N, Q, R, S),  Social
Cognitive Theory (n = 3; B, N, S), Health Belief Model (n = 2; B, R), Protection Motivation Theory
(n= 2; N, S), Health Action Process Approach (HAPA; n = 1; H), Theory of Planned Behavior (n=1;
I) or Theory of Reasoned Action (n = 1; B), Goal Setting Theory (n = 1; B), Self-Regulation Theory
(n = 1; I), and the overarching integrated change model (I-Change) (n = 4; H, I, J, P). One DHI report
referred to Social Marketing Theory (B), one referred to Provider-Patient Communication Theory
(F). Another referred to Complexity Science as a guide for intervention development (A). For seven
(of 19) DHIs, there was no reference to theoretical underpinnings.  

Design Processes
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We were able to find details on DHI development or design processes for just seven of the 19 DHIs
(A [45]; D [53]; E [54];  F [55]; I [61]; L [72]; Q [96, 97]). Five out of these seven mentioned
involvement of members of the user population at one or more stages of the development (A, D, F, I,
L), whereas two did not (E,Q). Among the five involving users, two (I, L) reported conducting an
early  stage  needs  assessment  before  commencing  development  of  the  DHI.   To  guide  the
development process, one DHI (I) was developed using Intervention Mapping [101] and another (A)
was developed using recommendations for the design and validation of questionnaires [102, 103]. 

Assessed Health Domains

Health domains as well as other health factors assessed by the DHIs are reported in Table 3. All (n =
19) assessed physical activity. Most (n = 17) assessed diet (all except G and S) and smoking (all
except A and B), closely followed by alcohol use (n = 15; all except A, B, I, and P). However, only
two DHIs mentioned assessment of illegal substance use (E and F). Four assessed sleep (E, L) or
associated  constructs  (fatigue  –  I;  energy  levels  –  H).  One  assessed  pain  (L).  The  four  DHIs
involving populations receiving medical treatment (A, G, P, R) all assessed medication adherence,
with one DHI assessing several other factors related to treatment (i.e., patient-provider relationship,
missed appointments, side effects of medication; R).  

Other  health-related  factors  were  also  assessed;  13 DHIs  assessed  at  least  one  factor  related  to
psychological health (e.g., stress, depression, mood, wellbeing; A, D, E, F, G, I, K, L, M, N, Q, R, S),
and five assessed at least one social-environmental factor, such as social isolation or risk of domestic
violence (E, F, I, L, R). To enable further personalization of feedback based on risk profiles, six DHIs
included an anthropometric assessment (e.g., weight or BMI; C, E, G, K, L, M) and seven included
cardio-metabolic parameters (e.g., cholesterol, blood pressure, glycemic levels; E, G, K, M, Q, R, S).
Five assessed personal medical history (E, F, K, M, N), and three assessed family medical history (K,
M, N). 
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Table 2. Overview of included publications (n = 56) mapped onto each digital health intervention (n=19)
Name of Digital Health Intervention Focus of publication (multiple categories possible)c

P D PE OE RCT EE SA
A. Adolescent Diabetes Needs Assessment Tool – ADNAT [45] x

[46]b x x
B1. Alive! [47] x x

[48]b x x
B2. Alive PDa [49]b x

[50]b x x x
[51]b x x

C. Carolina Health Assessment Research Tool – CHART [52] x
D. Connection to Health [53] x x x x
E. eVida Toolkit [54] x
F. Gabby [55]b x x

[56] x x x
G. Health Map [57] x
H. Healthy Lifestyle Support Program [58]b x

[59] x x x
[60] x x x

I. Kanker Nazorg Wijzer (Cancer Aftercare Guide) [61]b x x
[62] x
[63] x x
[64]b x x

J. Mijn Gezond Gedrag (My Healthy Behaviour) [65]b x
[66] x
[67] x x x
[68] x
[69] x
[70] x

K. My Health Matters! – MHM with @live Health Risk Assessment [71] x x x
L. OncoKompas [72] x x

[73]b x
[74] x
[75]b x
[76]b x
[77]b x
[78]b x x x
[79]b x x
[80]b x
[81]b x
[82]b x

M. Perfect Fit [83]b x
[84] x x

N. Prevention Compass [85] x xd x
[86] x
[87]b x
[88] x
[89] x
[90] x

O. Prevent Connect [91] x
P. PRO-FIT [92]b x

[93] x x x
[94]b x x x
[95]b x

Q. PULSE (Canada) [96] x
[97] x x

R. SPRITE [98] x
[99]b x x

S. Unnamed HRA [100] x xd

Notes.  a  Tailored  version  of  the  Alive!  intervention  targeting  adults  with  pre-diabetes;  b  Found  through  a  forward  or  backward  search;  c  D  =
Development; P = Protocol; PE = Process Evaluation (inc. feasibility and acceptability); OE = Outcome Evaluation; RCT = Randomized controlled trial
(identified subtype of OE); EE = Economic Evaluation; SA = Secondary Analysis;  d  These outcome evaluations only included a post-intervention
evaluation, and therefore were excluded from the outcome evaluation results in Table 5.
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Table 3. Overview of included interventions (n = 19)
Name of DHI Country Platform Data

privacy  or
security
mentioned

Target
population

Theoretical basis Assessed Behavioral  Domains
and Health Factors

A.  Adolescent
Diabetes Needs
Assessment
Tool – ADNAT

UK Mobile app Yes Type  1
diabetes

Complexity  science,
including  transtheoretical
change cycle

Physical  activity;  diet;
monitoring  of  blood  glucose
levels; medication taking; living
with diabetes.

B1. Alive! 
B2. Alive PDa

USA Email,
website,  and
mobile
phone  (latter
for B2 only)

Yes B1.  General
population 
B2.  Adults
with  pre-
diabetes

Health  belief  model,  the
theory of reasoned action,
social  cognitive  /social
learning  theories,  goal-
setting  theory,  social
marketing, and the
transtheoretical model

Physical  activity;  diet  (i.e.,
fruits  and vegetables,  saturated
and  trans  fats,  and  added
sugars).

C.  Carolina
Health
Assessment
Research  Tool
– CHART 

USA Website - General
population

- Physical  activity;  diet;  alcohol
use; tobacco use; weight.

D.  Connection
to Health 

USA Website - General
population in
primary  care
setting

- Physical activity; diet; smoking;
alcohol; depressive symptoms.

E.  eVida
Toolkit 

Portugal Website Yes General
population

- Physical activity; diet; smoking;
drinking;  use  of  illicit
substances;  sleep  (i.e.,  habits
and quality); well-being,  social
cohesion,  and  functional
independence;  mental  health;
health  and  disease;
anthropometric  assessment  and
cardio-metabolic parameters. 

F. Gabby USA Website  with
conversation
al agent

- African
American
women  in
pre-
conception
stage

Provider-patient
communication theory

Physical  activity;  diet
(including  pregnancy  related
nutrition);  alcohol;  tobacco;
illegal  substances;  emotional
and  mental  health;  genetic
health;  reproductive  health;
healthcare  risks  (e.g.,
insurance);  health  conditions  /
medications;  immunizations;
infectious  disease  risk;  partner
health;  relationship  risk  (i.e.,
abuse); environmental risk (e.g.,
toxoplasmosis, well water).

G. Health Map Australia Website - HIV-positive
people

- Physical  activity;  alcohol;
smoking;  psychological  health;
adherence  to  antiretroviral
therapy; monitoring CD4 T-cell
count  and  viral  load  (HIV)
testing; hepatitis A and B (HAV
and  HBV)  vaccination  status;
HBV  and  hepatitis  C  (HCV)
investigation  status;  fasting
blood cholesterol, fasting blood
sugar, blood pressure, and body
mass  index  (BMI);  cervical
cytology  in  women;  sexually
transmissible  infection  (STI)
screening in men who have sex
with men.

H.  Healthy
Lifestyle
Support
Program 

Netherlands Mobile app - General
population

HAPA, I-Change model Physical  activity;  smoking;
alcohol;  food;
energy/recuperation.

I.  Kanker
Nazorg  Wijzer
(Cancer
Aftercare
Guide)

Netherlands Website Yes Cancer
survivors

Theory  of  Planned
Behavior,  Self-regulation
Theory,  and  the
Integrated  Model  for
Change  (I-Change
Model). 

Physical activity; diet; smoking;
fatigue;  return  to  work;  mood;
relationships;  residual
symptoms.

J. Mijn gezond Netherlands Website Yes General I-Change model Physical  activity;  smoking;
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gedrag  (My
Healthy
Behaviour)

population alcohol;  diet  (fruit  and
vegetable consumption).

K.  My  Health
Matters!  –
MHM  with
@live  Health
Risk
Assessment 

Canada Website Yes Working
population at
risk  of
cardiovascul
ar disease

- Physical  activity;  smoking;
alcohol;  diet;  stress;  weight;
cholesterol,  blood  pressure;
diabetes status; medication (y/n)
and  clinical  values  if  known;
personal  health  history;  family
health history.

L.
OncoKompas 

Netherlands Website Yes Cancer
survivors  or
incurable
cancer

- Physical  activity;  alcohol;
smoking;  diet;  weight;  mental
health; physical health, such as
pain,  sexual,  sleep,  etc.;  social
health;  specific  head  and  neck
cancer related assessments (see
Table 1 (68)

M. Perfect Fit Netherlands Website - Working
population at
risk  of
cardiovascul
ar disease

Transtheoretical model Physical activity; diet; smoking;
alcohol;  work  (stress);  family
history; medical history; blood /
anthropometric  /  biometric
measures. 

N.  Prevention
Compass 

Netherlands Website Yes General
population

Transtheoretical  model,
protection  motivation
theory,  and  social
cognitive theory

Physical  activity;  smoking;
alcohol;  diet;  psychological
health  (stress,  burnout,
depression);  socio-demographic
variables;  family  and  personal
medical history.

O.  Prevent
Connect 

France Mobile app - General
population

- Unhealthy  eating;  sedentary
lifestyle; alcohol; tobacco.

P. PRO-FIT Netherlands Website Yes Adults  with
familial
hypercholest
erolemia

I-Change model (2.0) Physical  activity;  diet
(fruit/vegetables/saturated  fat
intake); smoking; compliance to
statin therapy.

Q. PULSE Canada Website - General
population in
primary  care
setting

Transtheoretical Model Physical activity; smoking; diet;
alcohol; stress; depression; age;
blood  pressure;  glycemic
control values.

Additional  measure:  behaviour
change  readiness  for  elements
not in accordance with accepted
targets.

R. SPRITE USA Website Yes Adults,  who
have  been
diagnosed
with  acute
MI  and
hypertension

Health  decision  model,
which is based on the
health  belief  model,  and
transtheoretical model

Physical activity; diet; smoking;
alcohol;  stress  reduction;
memory;  literacy;  social
environment;  patient-provider
relationship;  missed
appointments;  medication
management;  side  effects;
knowledge/  risk  perception;
cardiovascular risk. 

S.  Unnamed
HRA 

Netherlands Website Yes General
population in
care setting

Transtheoretical  model,
protection  motivation
Theory,  and  social
cognitive theory

Physical  activity;  alcohol;
smoking;  cardiovascular  and
psychological risk.

Notes. a This was a tailored version of the original Alive! Intervention. (-) indicates no information on this element was found across publications.

Prioritization Support

The extent  of  prioritization  support  through prioritization feedback and subsequent  prioritization
assistance as well as any post-prioritization support offered by each DHI are reported in Table 4.
Prioritization feedback to users took several different forms. Nine (of 19) DHIs included a traffic-
light-based feedback tool, which used color coding (e.g., green, orange, red) to indicate the extent to
which each of the assessed health domains or associated behavior(s) presented a health risk or was in
need of change (A, E, I, J, L, M, N, O, S). For most of these (7/9; all except A and I), traffic light
information  was  combined  with  written  feedback.  The  non-traffic-light-based  DHIs  (10/19)  all

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

provided written feedback. Written feedback generally included information on how each domain or
associated behavior differed from national guidelines or was related to the user’s health risk levels.
For some DHIs (7), feedback included suggestions on how to reduce health risk or create change in
high-risk domains  (C,  F,  N,  O,  P,  Q,  S).  One DHI included specific  information on clusters  of
interrelated factors that showed elevated risk levels (L). 

Although each of the 19 DHIs included some form of algorithm-based feedback on which domains
or  associated  behaviors  required  change,  only  three  provided  further  prioritization  support  by
prompting the user to make a choice as to which behavior(s) they wanted to start working on (B, F,
J). One other (M) suggested the user should make a choice, but it is unclear whether this choice was
recorded by the DHI (M). All feedback was based on user assessment results, but only five DHIs
further personalized feedback based on psychological factors related to behavior change, such as
stage of change, attitudes towards change, self-efficacy, and coping plans (F, J, M, P, Q). 

Post-Prioritization Support

Most DHIs (14/19) provided additional support beyond the feedback stage. However, the form of
this additional support varied widely. Some (6) offered integrated in-person support (H, M, P) or
referrals or recommendations for in-person support (L, N, S). Several (9; B, D, F, H, I, J, K, L, M)
included integrated change support of a digital nature (e.g., online modules, progress trackers), and
others (4) provided links to useful external digital resources (e.g., online health education) or other
DHIs  (G,  N,  O,  S).  Five  DHIs  did  not  provide  any support  beyond  feedback  provided  on  the
assessment (A, C, E, Q, R).

Prompts to Revisit DHIs
The majority of DHIs (12) did not include prompts to enable users revisit the DHI for support after
an initial interaction (A, C, E, G, K, L, M, N, O, P, Q, S). One DHI may have included revisit
prompts,  but the nature of these was unclear (J).  Out  of the six DHIs that  explicitly mentioned
prompting users to revisit (B, D, F, H, I, R), only one prompted users to revisit the DHI with a view
to assessing progress towards change goals, or revision of, goals (D).  
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Table  4.  Overview  of  prioritization  and  behavior  change  support  elements  of  included
interventions (n = 19)

DH
I

Prioritization support Additional support past prioritization Prompts  to
revisit  DHI  or
continue  goal
pursuit

A. Feedback: Traffic light feedback on assessment scores, with
red  indicating  high  need,  orange  indicating  intermediate
need and green indicating low need.

- No

B1. Feedback: Separate reports on assessment domains.

B1: Prioritization: Participants choose an initial module to
work on for the subsequent 3 months.

B1.  Participants  receive  weekly  messages
offering tailored small-step goals to choose for
the following week, tailored tips for achieving
those goals, health information, and numerous
opportunities for interaction and engagement.

Weekly emails 

B2. Feedback: Separate reports on assessment domains.
B2:  Prioritization:  Participants are prompted to choose at
least one physical activity and one dietary goal

B2. As B1, with added detail: the intervention
offers  social  support  through  a  team  system,
which allows participants to send messages to
each  other  with  either  a  pre-drafted
motivational  message  or  a  personalized
message  of  support.  Other  features  include  a
Daily Tracker to log weight, activity, and dietary
intake, with automatic graphing over time; an
automated  coaching  tool  to  help  participants
overcome  common  barriers;  weekly
infographics that reinforce core messages of the
program; downloadable worksheets;  and links
to external resources.

Weekly emails

C. Feedback:  Health  summary with  tips  and suggestions  for
behavior change.

- No

D. Feedback:  Written  feedback  on  assessment  results  with
recommendations  regarding  what  health  behaviors  to
modify.

Basic  site  included  educational  materials  on
four  health  behaviors.  Enhanced  site  also
included section about action plans, prompting
users to develop an individualized plan, plus a
discussion forum section, where patients could
post  issues  and  discuss  them  with  other
patients  working  on  similar  behavioral
changes, and an “Ask the Expert” section, where
patients  could  pose  questions  for  the  clinical
team.

Periodically

E. Feedback: Traffic light feedback on assessment components
paired  with  written  recommendations.  Low  risk:  green;
moderate risk: yellow; and relevant risk: orange.

Further  assessment:  individuals  showing  moderate  or
relevant  risk  in  one  or  more  dimensions  are  invited  to
participate in a more detailed assessment.

- No

F. Feedback: Risks are identified in “My Survey Results”. User
can select a risk to learn more about. Gabby then provides
informational  script  on  risk,  followed  by  questions
capturing  stage  of  change  for  risk.  This  results  in  stage
appropriate guidance and tips for change.

Prioritization: The user either adds the risk to the My Health
To Do List or selects a different risk to learn about. 

Adding  a  risk  to  the  My  Health  To  Do  List
results  in  receiving  longitudinal  behavior
change scripts for that risk.

No 

G. Feedback: Individualized reports highlight health issues of
concern and advise users to discuss these with their treating
clinician and healthcare team at subsequent consultations.

Links to and information on a series of relevant
websites.

No

H. Feedback: Automated feedback based on assessment. Personal  action  plan  drawn  up  at  the  start
workshop.  Use  of  weekly  buddy  contacts.
Access to mHealth Health Quiz App. Supporting
health education materials via email. A 2-hour
repeat workshop after 1 month for answering
questions  and  for  (peer)  education.  Twelve
times  a  weekly  health  tip  email  to  help
maintain awareness and motivation. 

Weekly 

I. Feedback: Traffic light feedback on assessment scores, with
green  indicating  no  need  to  complete  module,  orange
indicating  some potential  for  improvement by completing
module, and red indicating the user is advised to complete
this module. Modules are interrelated in that users may be
advised to visit several modules simultaneously (e.g., fatigue

The  module-content  consists  of  two  sessions
(session 1: problem identification, goal setting,
and action planning; session 2: evaluation) and
is  customized  to  personal  characteristics
(gender,  age,  marital  status,  children,
educational  level,  BMI),  cancer-related  issues

Per  module:  30
days after session
1  to  engage  in
session.  2.
Monthly  news
items.
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and physical activity) if both need improvement. (type  of  cancer,  type  and  number  of
comorbidities),  motivational  behavioral
determinants  (attitude,  self-efficacy  and
intention), and current lifestyle behavior.

J. Feedback: Traffic light (red, orange, green) paired with an
explanation for their rating. Respondents can click on links
to receive additional information about the guidelines and
the specific health behavior.

Prioritization (in sequential  condition only):  Users choose
one behavior  with orange or  red  light  based on  personal
motivation. 

Based  on  additional  assessment  measures,
personal  advice  is  provided  on  selected
behavior(s).  This  includes  1)  advice  targeting
attitude  change,  2)  advice  on  social  influence
and how to navigate it 3) advice on forming an
action  plan,  and  4)  advice  to  increase  self-
efficacy and appropriate coping responses.

Respondents
were  encouraged
to revisit website,
but no mention of
specific prompts.

K. Feedback:  All  risk  factors  are  explained in  detail  and are
organized  into  one  of  five  categories:  1)  lifestyle  habits
(smoking,  diet,  alcohol  and  self-medication);  2)  coping
factors (stress, exercise, and relationships); 3) environment
(toxic materials, sun); 4) health indicators (blood pressure,
cholesterol,  blood  sugar,  weight  and  age);  and  5)  family
factors. Users also receive an overall health score. The lower
the  score,  the  lower  the  individual’s  risk  of  developing
chronic disease; the higher the score, the higher the risk. 

Users receive a checklist  and action plans for
implementing  changes  to  lower  their  risk
factors.  Users  can also  attend one-on-one on-
site clinical sessions with registered nurses and
partake  in  on-site  educational  initiatives  to
educate them of the risk factors associated with
metabolic  diseases.  Initiatives  include  lunch
and  learn  sessions,  awareness  bulletins,
monthly  emails,  newsletters/videos,  and
activity challenges.

None  for  the
digital
component.

L. Feedback:  A  compass  metaphor  is  used  to  summarize
overall well-being. Traffic light feedback is provided using
green (no elevated well-being risks), orange (elevated well-
being risks), and red (seriously elevated well-being risks). In
addition, users receive elaborated personalized information
on  the  outcomes,  including  information  on  clusters  of
interrelated factors when these are elevated.  

Users  are  provided  self-care  advice  (tips  and
tools) tailored to the individual user. In the ACT
component,  users  are  provided  with
personalized supportive care options, based on
their participant reported outcome scores and
expressed  preferences  (e.g.,  preference  for
individual therapy versus group therapy).

No

M. Feedback:  traffic  light  profiles  (low-risk  (green),
intermediate-risk (orange), or high-risk (red)). 

Prioritization: A suggestion to make a choice out of several
health promotion activities, based on the participant’s risk
profile, preferences and motivational aspects. 

In  the  Motivational  Interviewing  (MI)
condition,  personalized  MI  sessions  with  an
occupational  physician  were  added,  together
with additional tailoring based on motivational
elements  in  the  web-based  HRA  and  an
additional  motivational  paragraph  in  the
newsletters. 

No

N. Feedback: traffic light profiles (green: normal risk; orange:
moderately  elevated  risk;  red:  seriously  elevated  risk)
divided  into  four  domains  (lifestyle,  psychological,  social,
and  physical)  with  subdomains.  Threats  associated  with
elevated risk (orange and red) and potential gains of taking
preventive  action  are  explained.  The  feedback  concludes
with  an  overview  of  actions  the  participant  can  take  to
address elevated risk categories.

Personalized suggestions are made to support
actions  based on  the  stage of  motivation,  the
preferences for professional guidance (yes/no),
actions in groups or alone, actions outside or
close  to  home,  and  actions  via  internet,
telephone or  face-to-face.  In  case  of  high risk
(red category),  the  feedback  includes  referral
for further medical evaluation and treatment if
necessary.

No

O. Feedback:  Each  assessed  behavior  is  presented  with  an
arrow  on  a  color  scale  ranging  from  green  “very  good
behavior”  to  red  “very  bad  behavior”.  Underneath  the
arrows,  the  app  provides  recommended  actions  for  each
behavior in need of change.  

Following  the  feedback  screen,  users  go  to  a
screen that displays digital health interventions
that would be helpful in encouraging change in
the behaviors that require it.

No

P. Feedback:  Based  on  assessment  the  user  receives  1)
feedback on how each behavior contributes to their overall
CVD  risk,  2)  information  on  the  changeability  of  the
behavior, and 3) cues about how the risk behavior may be
changed. 

Users  are  provided  access  to  face-to-face
counselling  complemented  with  telephone
booster sessions (PRO-FIT coach)

None  for  the
digital
component.

Q. Feedback:  Each  risk  factor  has  its  own  feedback  section,
including  an  introductory  brief,  patient’s  current  results,
evidence-based  target  values,  lifestyle  modifications  and
risk management education. Feedback is personalized based
on current behavior and motivational readiness for change.

- No

R. Feedback:  tailored  feedback  to  reinforce  evidence-based
behavior for disease and lifestyle management

- Monthly
assessments  and
information
modules  (digital
arm).

S. Feedback:  Tailored  health  action  plans,  where  each  plan
contains: 1) outcome of the individual risk assessment using
a  traffic  light  system  (green:  normal  risk;  orange:
moderately  elevated risk;  red:  seriously  elevated risk);  2)
explanation of the associated health risk and potential gains
of preventive action; 3) individual opportunities for lifestyle
change, based on motivation, self-efficacy and preferences.

The  participant  receives  referral  suggestions
and information for either local providers with
individual,  or  group  activities  and/or  online
offers. Follow-up actions include lifestyle advice
and/or  starting  with  (preventive)  drug
treatment  (e.g.  lipid  and  blood  pressure
lowering drugs).

No

Notes. (-) indicates no information on this element was found across publications.

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

Outcome Evaluations

Most DHIs,  (14/19)  reported at  least  one outcome evaluation (22 evaluations  in  total),  with ten
reporting at least one RCT (15 RCTs in total; see Table 2). Amongst the five DHIs not reporting any
outcome evaluations (C, E, G, O, Q), one mentioned plans to conduct a randomized controlled trial
[91], but no results had been published at the time of writing. Out of 14 DHIs reporting at least one
outcome evaluation, one (S) was only evaluated cross-sectionally after the intervention had been
completed, without a comparison condition. The evaluation of this DHI is excluded from the results
presented in Table 5.

Out  of  22  outcome  evaluations,  20  included  an  outcome  evaluation  with  both  pre-  and  post-
intervention measurement of outcomes for 13 DHIs. These are listed in Table 5, together with their
characteristics  and  conclusions.  We  classified  outcome  measures  as  behavioral  (e.g.,  physical
activity,  smoking;  n  =  10/22),  psychological  health  (e.g.,  quality  of  life,  depression;  n  =  8/22),
physiological (e.g., cholesterol, weight; n = 9/22), social/environmental health (e.g., relationship risk,
social functioning; n = 4/22) or as behavior-change antecedents (e.g., knowledge, self-efficacy; n =
3/22). Among the 15 RCTs, sample sizes ranged from 100 to 5055, and timing of follow ups ranged
from 1 week [78] to 24 months [67] post-baseline. All but one DHI (D [53]) provided either effect
sizes (e.g., standardized regression weights, Cohen’s d), or sufficient statistics to calculate them (e.g.,
means and standard deviations). Effect sizes for significant effects were generally small.  

DHIs with Priority Setting Prompts

Outcome evaluations of the three DHIs that explicitly asked users to select a priority change area (B,
F,  J)  and  the  one  that  suggested  doing  so  (M)  all  employed  RCTs.  One  of  these  (B)  reported
significant effects for the DHI across all outcomes when comparing intervention and control in terms
of change from baseline to follow up (4 months for version B1 and 6 months for version B2). This
included both behavioral, psychological and physiological outcomes [47, 48, 50, 51].  This DHI had
a  limited focus  on behavioral  health  domains,  targeting  only physical  activity  and two types  of
dietary behavior patterns (i.e., consumption of fruits and vegetables, and consumption of saturated
and trans fats). 

Evaluations of the two other DHIs that explicitly prompted the user to record a priority domain (F, J)
reported mixed effects. For one (F [56]), the intervention condition resulted in a higher number of
health domains or behaviors identified as ‘risks’ at baseline being “resolved” at follow-up (i.e., no
longer being a health risk) compared to the control condition,  and some domains and behaviors
showed significant differences in resolution between the intervention condition and control over time
(e.g., nutrition and activity, emotional and mental health), whereas others did not (e.g., relationship
risks, substance use).
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Table 5. Characteristics and Results from Outcome Evaluations
DHI
(ref)

Study design Target  group  (n
participants, mean age)

Data
collection

Outcome
categories

Findings 

A.
(42)

Pre-post
comparing
ADNAT
completers  vs.
non-completers

89 young people with type 1
diabetes aged 12–18 years 
Mage = 14.3 for completers vs.
14.5 for non-completers

Baseline - 6
months

Physiological HbA1C: greater reduction for completers than non-
completers. 

B1.
(43)a

RCT with waitlist
control

787  non-medical  employees
of  Kaiser  Permanente  of
Northern California 
Mage = 44

Baseline - 4
months

Psychological
health,
antecedents

The  following  outcomes  showed  significantly
greater improvement for intervention than control
group: Quality of life,  mental score, self-assessed
health status, presenteeism at work, self-efficacy to
change  diet,  self-efficacy  to  change  physical
activity,  stage of change for physical activity and
diet.

B1.
(44)a

As above As above As above Behavioral The  following  outcomes  showed  significantly
greater improvement for intervention than control
group:  Physical  activity,  diet  (greater  decline  in
intake of both saturated and trans fats and greater
increase in consumption of fruits and vegetables in
intervention  than  control  group).  There  was  a
marginal effect for consumption of added sugars. 

B2.
(46)b

RCT with waitlist
control

339 patients in an ambulatory
care  health  care  delivery
system whose  recent  fasting
glucose  and/or  HbA1c  were
within  the  prediabetes  range
(176 WC vs. 163 Int)
Mage = 55

Baseline  –
6 months

Physiological The  following  showed  greater  reduction  for
intervention than control group: Fasting glucose,
HbA1c,  weight,  BMI,  waist  circumference,
Framingham 8-year diabetes risk.

In addition, the intervention group showed greater
increase in TG/HDL ratio than control group. 

B2.
(47)b 

As above As above As above Behavioral,
psychological
health,
antecedents

The  following  outcomes  showed  significantly
greater improvement for intervention than control
group:  Diet  (greater  intake  of  fruit/vegetable  and
reduction  of  refined  carbohydrates),  physical
activity, antecedents (self-rated health, self-efficacy
to  change  diet,  ability  to  concentrate,  ability  to
resist illness), fatigue. 

D.
(49) 

RCT  with  active
control

169 patients aged 18-65 
Mage = 43.0

Baseline  –
3 months –
6 months

Behavioral,
psychological
health

No  differences  were  found  between  intervention
and  control  group  for  diet  (marginal),  physical
activity,  total  number  of  health  risks,  depression,
quality of life.

For smoking/alcohol related outcomes, there were
not enough participants to run analyses.

F.
(52)

RCT 100  women  who  self-
identified  as  African
American or black, were 18–
34  years  of  age,  and  self-
reported  not  pregnant  at
enrolment
Mage = 25.5

Baseline  –
6 months

Behavioral,
psychological
health,  social/
environmental
health

Overall  risks  resolved:  higher  number  and
percentage  of  reported  risks  resolved  in
intervention than control group.

A higher percentage of triggered risks was resolved
in intervention than control group for the following
risk categories: Emotional/mental health risks; men
and healthcare risks; nutrition and activity.

No  differences  between  intervention  and  control
group  were  found  for  the  following  categories:
Environmental  risks;  genetic  health  history  risks;
healthcare  risks;  health  condition/medicine  risks;
relationship  risks;  reproductive  health  risks;
substance  use;  immunization/vaccine  risks
(marginal). 

H.
(55,
56)

RCT with waitlist
control

116  employees  with
cardiovascular disease
Mage = not available

Baseline  –
6 weeks

Physiological The  following  showed  greater  improvement  for
intervention than control group: Total cholesterol,
LDL, weight. 

No  differences  were  found  between  intervention
and  control  group  for:  HDL,  systolic  blood
pressure,  diastolic  blood  pressure  (marginal),
glucose, HbA1c, .

I.
(59)c 

RCT with waitlist
control

462  cancer  survivors,
diagnosed with various types
of  cancer,  and  who  had
completed  primary  cancer
treatment (surgery, chemo- or
radiation  therapy)  with
curative  intent  at  least  4

Baseline  –
6 months –
12 months

Behavioural Baseline to 6 months:

Physical  activity:  no  differences  between
intervention and control.

Diet:  vegetable  intake  improved  more  in
intervention than control group.
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weeks,  and  up  to  56  weeks
prior to initial participation.
Mage = 55.9

Baseline to 12 months:

Physical  activity:  moderate  PA improved more in
intervention than control group.

Diet:  no  differences  in  vegetable  intake  between
intervention and control.

I.
(60)c 

As above As  above,  with  mean  age
now  calculated  across  those
completing  6  months  follow
up: Mage = 56.3

As above Psychological
health,
social/environm
ental health

The  following  showed  greater  improvement  for
intervention  than  control  group:  Depression,
fatigue, emotional functioning, social functioning.

No  differences  were  found  between  intervention
and  control  group  for:  Global  health  status,
physical  functioning,  role  functioning,  cognitive
functioning, anxiety.

J.
(63) 

RCT  with
simultaneous  vs.
sequential  goal
engagement  vs.
control

5055 adults  between 18 and
65 years with Internet access
and basic Internet literacy as
well as valid email
Mage = 44.2

Baseline  –
12  months
–  24
months

Behavioral No differences at 12 or 24mth:
Physical activity and diet

Simultaneous vs control:
Overall risk at 12 months: no difference
Overall  risk  at  24  months:  simultaneous  greater
reduction than control
Alcohol/smoking at 12 or 24 months: no difference

Sequential vs. control:
Overall  risk  at  12  months:  sequential  greater
reduction than control
Alcohol/smoking at 12 months: no difference
Overall risk at 24 months: no difference
Alcohol at 24 months: sequential greater reduction
than control
Smoking at 24 months: no difference

Simultaneous vs. sequential:
Overall risk at 12 or 24 months: no difference
Alcohol at 12 or 24 months: no difference
Smoking  at  12  and  24  months:  sequential  better
than control

K.
(67) 

Pre-post  one-
armed trial

253 employees with at least 1
risk  factor  for  metabolic
syndrome
Mage = not available

Baseline  –
6 months

Physiological Significant  reductions  in  blood  pressure,
cholesterol, and total risk factors. 

No  reduction  in  blood  glucose  or  waist
circumference. 

L.
(74)d 

RCT with waitlist
control

625  cancer  survivors
diagnosed  with  head  and
neck  cancer,  colorectal
cancer,  breast  cancer,
Hodgkin lymphoma, or non-
Hodgkin lymphoma
Mage = 65

Baseline  –
1 week – 3
months  – 6
months

Antecedents,
social/
environmental
health,
psychological
health

No  differences  were  found  between  intervention
and  control  group  for:  Knowledge,  skills,
confidence,  mental  adjustment,  supportive  care
needs,  personal  control,  patient,  and  physician
interaction. 

Quality  of  life  showed  greater  improvement  for
intervention than control group. 

For cancer specific outcomes, see Table 3.
L.
(75)d 

As above As above As above Psychological
health,
physiological,
social/
environmental
health

The intervention showed greatest impact on quality
of life for cancer survivors with low to moderate
self-efficacy, and among those with high personal
control and those with high health literacy scores.

M.
(80) 

Randomized  trial
with  two
intervention
conditions
(limited  vs.
extensive) 

491 workers in 18 work units
from military,  police,  and  a
hospital  with  increased
cardiovascular risk
Mage = 50.8

Baseline  –
6 months –
12 months

Behavioral,
physiological

No  differences  were  found  between  intervention
and control group for: Self-rated health, BMI, body
weight,  work  ability,  sickness/absence,  physical
activity, smoking, excessive alcohol use. 

N.
(82)

Pre-post  one-
armed trial

368 employees

Mage = 45

Baseline  –
6 months

Physiological No differences were  found pre-post  for:  smoking
(marginal), diastolic blood pressure, BMI, LDL.

Significant improvements were found pre-post for:
systolic blood pressure, waist circumference, total
cholesterol, HDL, and TG. 

Framingham 10-year CVD risk improved for those
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with a baseline risk of at least 20%.
P.
(89)f

RCT  with  pure
control 

340  adults  with  Familial
Hypercholesterolemia

Mage =45.3

Baseline  –
12 months

Physiological No  differences  were  found  between  intervention
and control groups for: Cholesterol, systolic blood
pressure, blood glucose, BMI, waist circumference.

P.
(90)f 

As above As above As above Behavioral No  differences  were  found  between  intervention
and  control  groups  for:  Physical  activity,  diet,
smoking, compliance to statin therapy. 

R.
(95) 

RCT  with  active
control
(education-only)
and  two
intervention
conditions  (1.
nurse-
administered
program,  and  2.
web-based
interactive tool)

415  adults  with  myocardial
infarction
Mage = 61

Baseline  –
12 months

Physiological No  differences  were  found  between  intervention
and  control  groups  for:  Systolic  blood  pressure,
diastolic blood pressure, HbA1c, cholesterol.

Notes. References with the same superscript letter share the same underlying dataset. 

The other DHI (J [67]) that showed mixed effects was evaluated using an RCT that compared a
control condition to two DHI versions, referred to as the sequential and simultaneous versions. The
sequential version prompted prioritization of a single domain on first use and then again prompted
the user to select and prioritize a single domain at 12 months. This version offered support for the
prioritized  domain  during  the  12  months  following  its  selection  (e.g.,  if  physical  activity  was
prioritized at baseline, the user gained access to physical-activity-related digital support during the
next 12 months, until the user was prompted to select another priority at 12 months, at which point
they gained access to support for the newly selected domain for the next 12 months). This means
participants were able to prioritize and access support for two health domains across the two-year
trial period. The simultaneous version did not prompt prioritization. This version offered support
across all health domains targeted by the DHI across the full 24 months. Results showed that the
sequential version resulted in a greater reduction of overall health risk at 12 months compared to the
control condition, but this difference in reduction was no longer significant at 24 months. In contrast,
the simultaneous version showed greater overall risk reduction at the 24-month point compared to
the control condition, but not at 12 months. Examining differences in terms of the individual health
behaviors  targeted  by  the  intervention  (physical  activity,  diet,  smoking,  and  alcohol  use),  the
evaluation found that  the sequential  version resulted in  a  greater  reduction of alcohol  use at  24
months as compared to the control condition. Results also showed that the sequential version resulted
in a greater reduction of smoking compared to the simultaneous version, both at 12 months and 24
months.  Overall,  this  evaluation  offered  a  very  mixed  set  of  findings,  with  the  sequential
(prioritization) version showing benefits over the simultaneous (non-prioritization) version in certain
health domains, but not others. Interestingly, prioritization seemed to be more effective for hard-to-
change (or addictive) behavioral patterns. Notably, this was the only evaluation that attempted to
assess the potential added value of goal prioritization.

Finally, an RCT of a DHI that suggested users should select a priority, without explicit recording of
the priority (M [84]) compared two versions of the DHI: an extensive version, which included both
the DHI and coaching, and a limited intervention condition, which only included the DHI, with no
coaching. Results showed no significant differences in either behavioral (physical activity, smoking,
excessive alcohol use) or physiological (BMI, body weight) outcomes between the two versions.
Both  conditions  showed  a  significant  improvement  in  physical  activity  and  reduced  excessive
alcohol use over time, indicating that the no-coaching version could be more cost effective.
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DHIs Without Priority Setting Prompts

Of the nine evaluated DHIs that provided feedback based on an HRA but did not prompt users to set
priorities for change, six (D, H, I, L, P, R) were evaluated using an RCT. Of these, one reported
significant improvement on all physiological outcomes reported from baseline to a 6 week follow up
(H [59, 60]), but this DHI was not evaluated on behavioral or psychological outcomes. Another (I)
showed  mixed  results  for  behavioral  outcomes  [63],  with  the  DHI  resulting  in  greater  dietary
improvement than the control at 6 months, but not at 12 months, and greater physical activity at 12
months (but not 6 months). In addition, this DHI showed significant improvements for the DHI on
psychological (depression, fatigue, emotional functioning) and social (social functioning) outcomes,
when compared to the control [64]. Finally, a third DHI (L [78]) showed an impact of the DHI on
quality of life, but not any of the other psychological or social outcomes evaluated. However, this
DHI did show some additional effects on several cancer-specific outcomes that were targeted and
evaluated for relevant subsets of participants. 

The remaining three DHIs (D, P, R) showed no significant outcome effects for behavioral outcomes
[53,  94],  nor  for  psychological  [53]  or  physiological  [93,  99]  outcomes.  Two  of  these  (P,  R)
compared the DHI condition to a control condition with no HRA feedback (P, R) and one compared
two DHI conditions (basic vs. enhanced) in which HRA-based feedback was provided followed by
access to a website with educational materials and tips for behavior change, with the main difference
between conditions being that the enhanced condition offered extra support on action planning.  

Another three DHIs (A, K, N) were evaluated through a one-armed trial. Each of these evaluated
only  physiological  outcomes.  One  found  improvements  in  the  outcome  they  focused  on  from
baseline to follow-up (HbA1c; A), and one found improvements in the outcome they focused on for
high-risk participants  only (Framingham CVD risk; N).  The third found improvements  on some
(diastolic  blood  pressure  and  cholesterol),  but  not  other  physiological  outcomes  (BMI,  blood
glucose; K). 

Discussion

Principal Findings

This  is  the first  review to systematically  identify digital  interventions  designed to promote self-
management  of  health  (DHIs)  that  contain  an  assessment  of  current  health  or  health-behavior
combined  with  prioritization  support  for  setting  health-related  goals.  Nineteen  DHIs  met  our
inclusion criteria by assessing and providing feedback on health status or health behavior patterns
within at least two health domains (e.g., physical activity and diet). This is surprisingly few given the
size  of  the  digital  health  global  market  and  the  critical  importance  of  goal  setting  and  goal
prioritization  to  successful  health-behavior  change  [15,  25,  26,  28,  104].  By  examining  the
characteristics  of  these  interventions,  their  theoretical  bases,  their  design  protocols  and  their
evaluations, this review helps construct a blueprint for state-of-the-art design of digital interventions
intended to guide health behavior change. In particular, we suggest that inclusion of self-regulatory
support  mechanisms  to  help  users  identify  and  prioritize  health-promoting  actions  as  well  as
engagement-mechanisms that promote engagement and re-engagement with  prioritized change over
time. We argue that these behavior-change promotion components need to be carefully embedded in
DHI architecture. Finally, we also provide guidelines on how such DHIs might be most effectively
evaluated.

Across the 19 DHIs, substantial variation was found in terms of (i) their theoretical bases, that is, the
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understanding of behavior  change and goal  pursuit  that  was used to  guide development,  (ii)  the
developmental  stages  and  procedures  employed  (e.g.,  involvement  of  end-users  and  theoretical
basis), and the components, or techniques, used to engage users (e.g., assessment, prioritization, and
post-prioritization).  Outcome  evaluations  were  disparate  in  focus  and  design.  Only  8  of  20
evaluations that had,  at  minimum, a pre-post  intervention design,  included behavioral outcomes,
thereby prohibiting conclusions relating to behavior change effectiveness for the majority of DHIs. 

The diversity of design, evaluation methodology and evaluation outcomes prohibit meta-analyses
that  would generate  coherent  DHI design recommendations.  Nonetheless,  the limited number  of
DHIs including explicit prioritization prompts (n=3; B, F, J)  all showed effectiveness in reducing
health risk, although this was not always translated into changes across all behaviors or domains nor
into maintenance of change over time. In contrast, evaluations of DHIs  excluding explicit priority
setting prompts generally showed less favorable results, particularly for behavioral outcomes. These
indicative findings are consistent with experimental evidence on goal prioritization and behavior
change [26].

DHI Development

The majority of included DHIs (12/19) were developed using theoretical guidance, but there was no
consensus  on  what  type  of  theory  was  most  appropriate.  We  identified  12  distinct  theoretical
underpinnings. DHI development is more likely to be effective if founded on evidence-based theories
that explain how changes in behavioral antecedents (such as knowledge, motivation, goal setting, and
goal prioritization) translate into behavior change [26, 101, 105, 106]. Consequently, consensus on
theoretical foundations most likely to generate behavior change would be helpful for future DHI
development.

We  were  unable  to  confirm  whether  a  stated  theoretical  basis  for  development  led  to  greater
effectiveness because there was substantial overlap in DHIs lacking theoretical underpinnings and
those  without  outcome  evaluations.  In  addition,  many  of  the  DHI  reports  that  highlighted  a
theoretical  bases  failed  to  explain  how  theory  was  translated  into  technique  selection  and
intervention  build.  An  evidence-based  theoretical  foundation  for  DHI  development  with  clear
intervention design guidance would greatly enhance research and progressive development of DHIs
[107, 108]. 

Five of seven DHIs that reported on development reported user-involvement in the design process.
This is encouraging because the impact of user-involvement in design has been demonstrated [109,
110], Surprisingly only two of these seven DHIs conducted a needs assessment prior to development
despite  evidence  suggesting  that  such assessments  improve intervention  effectiveness  [101,  106,
107].

Behavior-Change Targets and Assessment

Included  DHIs  predominantly  addressed  a  limited  set  of  health-related  behavior  patterns,  in
particular, physical activity, diet, smoking, and alcohol use. Only two DHIs assessed and targeted
sleep, with two more targeting fatigue or energy levels. This is disappointing given the importance of
sleep deprivation to health, such as it impacting the functioning of our immune systems [111, 112],
and our ability to regulate other health-related behavior patterns [113-115]. Similarly, pain, which
was assessed by one DHI only,  has been related to  both physical  and psychological health,  and
although there is a need for further research into the exact nature of these relationships [116, 117], it
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is clear that pain can both influence and be influenced by other health behaviors and domains; so
warranting  its  inclusion  in  DHIs  focused on improving our  health  and health  self-management.
Finally, social wellbeing was targeted by just five DHIs, even though relationships have been shown
to affect physical health, mental health and mortality risk [118-120]. 

We suggest that there is merit in including broader health and health-behavior assessments within
DHIs. This does not only ensure that the goal that is prioritized is amongst the most likely to provide
benefits to the person but also enables the identification of groups of health behavior patterns that
may best be prioritized together. Using interventions to target a greater range of health behaviors and
domains has been recommended as the preferred approach to managing non-communicable diseases,
given  that  these  conditions  are  generally  complex,  and  influenced  by  multiple  health  behavior
patterns, so targeting single behaviors is likely to be less effective than targeting a range of behaviors
[121, 122]. It is noteworthy, that there were only two DHIs (I, L) that identified problem domains
that  commonly  co-occurred,  and  advised  users  on  which  domains  might  benefit  from  being
prioritized or addressed in a conjoined manner (e.g., fatigue and physical activity). 

Prioritization Support

For most DHIs, prioritization support was limited to providing feedback that showed users which of
the assessed domains needed attention (15/19) with some of these (7) including advice on how each
of the domains that required attention might be improved through behavior change. In other words,
none of these 15 DHIs provided the user with assistance on how to manage multiple behavior-change
goals  by  prompting  or  suggesting  the  selection  of  one  or  more  priority  goals.  Only  four  DHIs
provided such guidance. 

DHIs with Priority Setting

RCTs of the three DHIs that included prioritization prompts (B, F, J) suggest that these were more
effective than ones without prioritization prompts, but we do not have enough evidence to confirm
this trend. Consider an illustrative example. The Mijn gezond gedrag (My Healthy Behaviour; J)
website included a DHI version that prompts the user to select priorities. This version was more
effective than the version that did not prompt prioritization in supporting smoking cessation, both at
12 months  and 24 months.  This is  an impressive finding.   Overall,  however,  the results  of this
evaluation were mixed, prohibiting clear conclusions. Further RCTs assessing the value of adding a
goal prioritization support component within DHIs are needed.

Interestingly, none of the three priority-prompting DHIs provided guidance on how to decide which
health domains receiving a similar rating (e.g., a red light) should be prioritized. Furthermore,  the
three DHIs showed substantial variety in determining or prescribing how long priority goals should
stay priorities. In contrast to the once-yearly selection of a priority goal presented in one DHI (J),
another DHI (B) prompted users to select one (B1) or two (B2) behavioral goals to work on over a
three-month period. The third (F) allowed users to set their own pace, with no apparent limit to the
number of domains or behaviors that could be added to their health-to-do-list and no restrictions on
when and how often they could add or remove health domains or behaviors from the list. Ideally,
prioritization support helps the user not only in setting the right priorities, but also in determining
progress towards them over time, and deciding when it might be useful to change or take on new
priorities (119). None of the DHIs we found were designed to do this.  Just two of three DHIs that
prompted prioritization (B, F) explicitly prompted the user to re-engage over time. Only one DHI (D)
prompted users to assess progress made towards change goals with the potential to revise their action
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plans,  but  it  was  left  unclear  how  this  was  achieved. It  would  be  worthwhile  for  future  DHI
developers to explore how to optimize training in goal prioritization and management of multiple
goals, ideally drawing on research among those who are and are not successful in managing multiple
goals and in maintaining behavior change over time [123].

Limitations

Several  limitations  are  worth  noting,  both  in  relation  to  the  review  process  and  the  evidence
presented. First, although this review used comprehensive search strategies across multiple databases
paired  with  lenient  inclusion  criteria  to  ensure  that  any  pertinent  literature  was  reviewed,  a
substantial number of papers (25/56) were found through forward and backward searches of included
publications. This is not surprising, because many included DHIs focused on conducting a health risk
assessment, without explicitly noting that this served the purpose of assisting with prioritization of
health-related  change  goals.  Nonetheless,  it  is  possible  that  the  review  process  missed  some
additional DHIs of this kind. Second, although our review was global, it is interesting to note that, of
19 identified DHIs, eight were developed in The Netherlands and five in the United States. Further,
all  included  DHIs  were  developed  in  Western  countries.  Two  excluded  DHIs  used  Traditional
Chinese Medicine [125] and Traditional Korean Medicine [126] but did not assess health domains or
health-related behavior patterns prior to providing advice. Third, although we found very high inter-
rater reliability in relation to our carefully-defined inclusion criteria and checked any references that
appeared to be ambiguous, we note that,  while considerably more expensive,  100% inter-coding
reliability  checks  for  both  abstracts  and  full  papers  would  have  provided  greater  assurance  of
inclusion accuracy. Fourth, our review focused on prioritizing health domains and their associated
change goals. As a result, it excluded DHIs focused on supporting prioritization of behaviors (singly
or together) within domains, where there are multiple options, and of theoretically grounded advice
on selecting specific change techniques where multiple possibilities exist. See Tighe et al. [124] for a
review of such DHIs.

Unfortunately, DHI reports did not always contain sufficient details on the characteristics examined
in this review. This hinders empirical comparisons of DHIs and their effectiveness and highlights the
importance of detailed intervention design and content reporting in  the scientific  literature [107,
108].   Future DHI evaluation reports  should provide clearer  details  of  the dose and duration of
intervention components within user sessions and across user engagement (over multiple sessions).
For example, how often are DHIs used and which intervention components are available if users
revisit the DHI. 

Another  challenge  to  the  comparison  of  DHIs  and  assessment  of  their  effectiveness  is  that
prioritization support results in different individuals pursuing different change goals within the same
DHI, meaning there is no common outcome metric.  Researchers should not shy away from this
challenge.  For  example,  the  creators  of  the  Gabby  DHI  (F)  attempted  to  mitigate  complexity
associated  with  multiple  outcomes  by  including  summative  and  percentual  outcomes  (i.e.,  total
number of risks reported at T1 resolved at T2; percentage of risks reported at T1 resolved at T2),
both overall and within specific risk categories. More, such work, is needed to be able to sensibly
assess extent of engagement and outcomes within a common metric that considers the magnitude and
likely effort required to make individual changes. For example, quitting smoking requires a large
binary shift, but outcomes for an exercise change could be measured using a continuous scale and
allow for  small  changes  to  be  considered  success,  making  a  simple  additive  outcome  measure
problematic.
Implications for DHI Development
These  limitations,  notwithstanding,  several  implications  arise  from our  findings  and the  broader
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literature on goal prioritization. 

1. There is considerable potential to develop better goal setting and goal prioritization support in
DHI functionality.  Most  existing DHIs are  designed for  users  who know what  domains  and
associated  behaviors  they  want  to  prioritize.  Prioritization  support  is  needed  for  the  many
potential users who have not yet decided. 

2. DHIs  should  include  person-based  assessments  that  assist  the  user  to  identify  what  is  most
important for them given multiple possibilities of different potential benefits (based on theory
and empirical data) and their  personal needs and preferences. This is likely to optimize DHI
effectiveness.  

3. DHI development needs to be grounded in an understanding that prioritizing is not, or at least
should not be, a one-off activity. This requires DHIs to maintain a relationship with users and
support  changes  in  prioritization  as  needed,  e.g.,  once  the  behavior  has  been  satisfactorily
changed and a new one needs choosing.

4. Successful assessment and prioritization should result in a better overview of change options that
have  the  potential  to  provide  substantial  health  benefits,  and  greater  commitment  to  the
prioritized goal, resulting in greater persistence of efforts, and eventually greater success [15, 25,
26, 28, 104].   

5. Improved  guidance  on  reporting  of  DHI  functionality  and  capacity  is  critical  to  future
effectiveness  improvement.  At  present,  the  standard  of  reporting  means  that  there  is  a
considerable degree of guesswork involved in describing what any particular DHI offers users
[107]. 

6. Intervention development is likely to be enhanced using co-design and use of design-planning
procedures such as those used in Intervention Mapping [101, 106, 107].

Conclusions

Prioritization of goals within the context of multiple goal management has been found to promote
goal achievement [25-28]. We found just 19 DHIs that combined health/ health-behavior assessment
with some form of goal prioritization support. All of these could be improved but collectively they
identify a range of useful  approaches to  prompting behavioral  assessment,  goal  setting and goal
prioritization. Providing improved and more comprehensive interventions to scaffold goal setting and
prioritization  should  be  a  priority  for  digital  intervention  designers  aiming to  promote  behavior
change  among  users.  The  lack  of  rigorous  evaluations,  means  it  is,  as  yet,  unclear  how  such
scaffolding may be designed to be most effective. Long-term follow-up using randomized controlled
trials would help clarify the real-world impact of these interventions on individual and public health. 
 

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

Acknowledgements
This  research  was  funded  through  the  NHMRC  Centre  of  Research  Excellence  in  Digital
Technology to Transform Chronic Disease Outcomes (GNT 1170937). Both Charles Abraham
and Ron Borland are fund-holding investigators on this Centre grant and both are based in the
School of Psychology at Deakin University. The research was carried out by Ilona McNeill under
the  supervision  of  Charles  Abraham  (senior  supervising  author)  and  Ron  Borland.   No
generative AI was used in any portion of this manuscript.

Authors’ Contributions
Funding acquisition was provided by CA and RB. IM prepared the first draft of the manuscript. CA
revised this draft. Additional edits and suggestions were provided by RB. IM is the first author. CA is
the senior author.  RB provided additional supervision.  Methodology and data validation was co-
designed, developed and implemented by IM and CA. IM conducted the primary data collection.  All
authors reviewed and approved the final version of the manuscript.

Conflicts of Interest
None declared. 

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

References

1. IQVIA. Digital health trends 2021: innovation, evidence, regulation, and adoption. 2021.
2. Business of Apps. Health & fitness app report 2024. London (UK): Business of Apps; 
2024 [updated 15 October 2024]. Available from: 
https://www.businessofapps.com/data/health-fitness-app-report/.3. Taj F, Klein MCA, 
van Halteren A. Digital health behavior change technology: bibliometric and scoping review of 
two decades of research. JMIR Mhealth Uhealth. 2019;7(12):e13311. doi:10.2196/13311
4. Fogg B. Persuasive computers: perspectives and research directions.  Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems; 1998 Apr 18-23; Los Angeles, CA.
ACM Press/Addison-Wesley Publishing Co.; 1998. p. 225-32.5. Oinas-Kukkonen H, Harjumaa M,
editors.  Towards deeper understanding of persuasion in software and information systems.
First International Conference on Advances in Computer-Human Interaction; 2008 Feb 10-15;
Sainte-Luce, Martinique. 2008..
6. Oinas-Kukkonen H. A foundation for the study of behavior change support systems. Pers 
Ubiquitous Comput. 2013;17(6):1223-35. doi:10.1007/s00779-012-0591-5.
7. Bailey J, Mann S, Wayal S, Abraham C, Murray E. Digital media interventions for sexual 
health promotion-opportunities and challenges: a great way to reach people, particularly those 
at increased risk of sexual ill health. BMJ. 2015;350:h1099. doi:10.1136/bmj.h1099
8. Bardus M, Smith JR, Samaha L, Abraham C. Mobile phone and web 2.0 technologies for 
weight management: a systematic scoping review. J Med Internet Res. 2015;17(11):e259. 
doi:10.2196/jmir.5129
9. Bardus M, van Beurden SB, Smith JR, Abraham C. A review and content analysis of 
engagement, functionality, aesthetics, information quality, and change techniques in the most 
popular commercial apps for weight management. Int J Behav Nutr Phys Act. 2016;13:35. 
doi:10.1186/s12966-016-0359-9
10. Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. 
Health Psychol. 2008;27(3):379-387. doi:10.1037/0278-6133.27.3.379
11. Iribarren SJ, Akande TO, Kamp KJ, et al. Effectiveness of mobile apps to promote health
and manage disease: systematic review and meta-analysis of randomized controlled trials. JMIR
Mhealth Uhealth. 2021;9(1):e21563. doi:10.2196/21563 
12. Abraham C, Borland R, McNeill I. The need for a personalized, core digital resource to 
facilitate health self-management. Prev Med. 2023;173:107569. 
doi:10.1016/j.ypmed.2023.107569
13. Abraham C, Sheeran P. Implications of goal theories for the theories of reasoned action 
and planned behaviour. Curr Psychol. 2003;22(3):264-80. doi:10.1007/s12144-003-1019-3
14. Austin JT, Vancouver JB. Goal constructs in psychology: structure, process, and content. 
Psychol Bull. 1996;120(3):338-75. doi:10.1037/0033-2909.120.3.338
15. Borland R. Understanding hard to maintain behaviour change: a dual process approach: 
Wiley-Blackwell; 2014. ISBN:1118572926
16. Lowe R, Norman P, Sheeran P. Milieu matters: evidence that ongoing lifestyle activities 
influence health behaviors. PLOS ONE. 2017;12(6):e0179699. 
doi:10.1371/journal.pone.0179699
17. Kahneman D, editor. Attention and effort. Englewood Cliffs, NJ: Prentice-Hall; 1973. 
ISBN:0130499107
18. Kruglanski AW, Bélanger JJ, Chen X, et al. The energetics of motivated cognition: a force-
field analysis. Psychol Rev. 2012;119(1):1-20. doi:10.1037/a0026238
19. Muraven M, Baumeister RF. Self-regulation and depletion of limited resources: does self-
control resemble a muscle? Psycholl Bull. 2000;126(2):247-59. doi:10.1037/0033-

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

2909.126.2.247
20. Ajzen I, Fishbein M. Attitudes and the attitude-behavior relation: reasoned and 
automatic processes. Eur Rev Soc Psychol. 2000;11(1):1-33. 
doi:10.1080/14792779943000116
21. Boudreaux MJ, Ozer DJ. Goal conflict, goal striving, and psychological well-being. Motiv 
and Emo. 2013;37(3):433-43. 
22. Gardner B, Rebar AL, Lally P. Habit Interventions. In: Hagger MS, Cameron LD, Hamilton 
K, Hankonen N, Lintunen T, editors. The handbook of behavior change. Cambridge: Cambridge 
University Press; 2020. p. 599-616. ISBN:9781108719116
23. Gray JS, Ozer DJ, Rosenthal R. Goal conflict and psychological well-being: a meta-
analysis. J Res Pers. 2017;66:27-37. doi:10.1016/j.jrp.2016.12.003
24. Kruglanski  AW,  Shah  JY,  Fishbach  A,  et  al.  A  theory  of  goal  systems.   Advances  in
experimental  social  psychology.  Vol  34.  San  Diego,  CA:Academic  Press;  2002.  p.  331-78.
doi:10.1016/S0065-2601(02)80008-9
25. Conner M, Abraham C, Prestwich A, et al. Impact of goal priority and goal conflict on the 
intention-health-behavior relationship: tests on physical activity and other health behaviors. 
Health Psychol. 2016;35(9):1017-26. doi:10.1037/hea0000340
26. Conner  M,  Wilding  S,  Prestwich  A,  et  al.  Goal  prioritization  and  behavior  change:
evaluation of an intervention for multiple health behaviors. Health Psychol. 2022;41(5):356-65.
27. Orehek E, Vazeou-Nieuwenhuis A. Sequential and concurrent strategies of multiple goal
pursuit. Rev Gen Psychol. 2013;17(3):339-49.
28. Unsworth K, Yeo G, Beck J. Multiple goals: A review and derivation of general principles. J
Organ Behav. 2014;35(8):1064-78.
29. Wanless D. Securing our future health: taking a long-term view. London (UK): HM 
Treasury; 2002 Apr. Available from: 
https://webarchive.nationalarchives.gov.uk/ukgwa/+/http://www.hm-treasury.gov.uk/
consult_wanless_final.htm 
30. Becker  MH,  Janz  NK.  On  the  effectiveness  and  utility  of  health  hazard/health  risk
appraisal in clinical and nonclinical settings. Health Serv Res. 1987;22: 537-51.
31. DeFriese GH, Fielding JE. Health risk appraisal in the 1990s: opportunities, challenges,
and  expectations.  Annu  Rev  Public  Health.  1990;11:401-18.
doi:10.1146/annurev.pu.11.050190.002153
32. Schoenbach VJ,  Wagner EH,  Beery WL.  Health risk appraisal:  review of evidence for
effectiveness. Health Serv Res. 1987;22(4):553-80.
33. Wagner EH, Beery WL, Schoenbach VJ, et al. An assessment of health hazard/health risk
appraisal. Am J Public Health. 1982;72(4):347-52. doi:10.2105/AJPH.72.4.347
34. Bandura A. Social cognitive theory of self-regulation. Organ Behav Hum Decis Process.
1991;50(2):248-87. doi:10.1016/0749-5978(91)90022-L
35. Cowdery  JE,  Suggs  LS,  Parker  S.  Application  of  a  web-based  tailored  health  risk
assessment in a work-site population. Health Promot Pract. 2007;8(1):88-95.
36. Kreuter  MW,  Strecher  VJ.  Do  tailored  behavior  change  messages  enhance  the
effectiveness  of  health  risk  appraisal?  results  from  a  randomized  trial.  Health  Educ  Res.
1996;11(1):97-105.
37. Gollwitzer PM, Sheeran P.  Implementation intentions and goal  achievement:  A meta-
analysis of effects and processes.  Advances in experimental social psychology. Vol 38. San Diego,
CA: Elsevier Academic Press; 2006. p. 69-119.  doi:10.1016/S0065-2601(06)38002-1
38. Luszczynska A, Sobczyk A, Abraham C. Planning to lose weight: randomized controlled
trial of an implementation intention prompt to enhance weight reduction among overweight
and obese women. Health Psychol. 2007;26(4):507-12. doi:10.1037/0278-6133.26.4.507

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

39. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR):
checklist and Explanation. Ann Intern Med. 2018;169(7):467-73. doi:10.7326/M18-0850
40. Bramer  WM,  Rethlefsen  ML,  Kleijnen  J,  et  al.  Optimal  database  combinations  for
literature  searches  in  systematic  reviews:  a  prospective  exploratory  study.  Syst  Rev.
2017;6(1):245. doi:10.1186/s13643-017-0644-y
41. Davies  K.  Formulating  the  Evidence  Based  Practice  question:  A  review  of  the
frameworks for LIS professionals. Evid Based Libr Inf Pract. 2011;6:75-80.
42. Richardson WS, Wilson MC, Nishikawa J, et al. The well-built clinical question: a key to
evidence-based decisions. ACP J Club. 1995;123(3):A12-3.
43. Fishbach A, Zhang Y. Together or apart: when goals and temptations complement versus
compete. J Pers Soc Psychol. 2008;94(4):547-59. doi:10.1037/0022-3514.94.4.547
44. World  Health  Organization. Monitoring  and evaluating  digital  health  interventions:  a
practical guide to conducting research and assessment. Geneva, Switzerland: WHO; 2016.
45. Cooper H, Spencer J, Lancaster GA, et al. Development and psychometric testing of the
online Adolescent Diabetes Needs Assessment Tool (ADNAT). J Adv Nurs. 2014;70(2):454-468.
46. Cooper  H,  Lancaster  GA,  Gichuru  P,  et  al.  A  mixed  methods  study  to  evaluate  the
feasibility of using the Adolescent Diabetes Needs Assessment Tool App in paediatric diabetes
care in preparation for a longitudinal cohort study. Pilot Feasibility Stud. 2018;4:13.
47. Block G, Sternfeld B, Block CH, et al. Development of Alive! (A lifestyle intervention via
email),  and  its  effect  on  health-related  quality  of  life,  presenteeism,  and  other  behavioral
outcomes: randomized controlled trial. J Med Internet Res. 2008;10(4):e43. 
48. Sternfeld B, Block C,  Quesenberry CP, et al.  Improving diet and physical activity with
ALIVE: a worksite randomized trial. Am J Prev Med. 2009;36(6):475-83.
49. Block G, Azar KM, Block TJ, et al. A fully automated diabetes prevention program, alive-
pd: program design and randomized controlled trial protocol. JMIR Res Protoc. 2015;4(1):e3.
50. Block G, Azar KM, Romanelli RJ, et al. Diabetes prevention and weight loss with a fully
automated behavioral intervention by email, web, and mobile phone: a randomized controlled
trial  among  persons  with  prediabetes.  J  Med  Internet  Res.  2015;17(10):e240.
doi:10.2196/jmir.4897
51. Block G, Azar KM, Romanelli RJ, et al. Improving diet, activity and wellness in adults at
risk of diabetes: randomized controlled trial. Nutr Diabetes. 2016;6(9):e231.
52. Flaherty MG, Miller D. Rural public libraries as community change agents: opportunities
for health promotion. J Educ Libr Inf Sci. 2016;57(2):143-50.
53. Dickinson  WP,  Glasgow  RE,  Fisher  L,  et  al.  Use  of  a  website  to  accomplish  health
behavior change: if you build it, will they come? And will it work if they do?. J Am Board Fam
Med. 2013;26(2):168-176.
54. Reis F,  Sá-Moura B,  Guardado D, et al.  Development of a healthy lifestyle assessment
toolkit  for  the  general  public.  Front  Med  (Lausanne).  2019;6:134.
doi:10.3389/fmed.2019.00134
55. Gardiner P, Hempstead MB, Ring L, et al. Reaching women through health information
technology:  the  Gabby  preconception  care  system.  Am  J  Health  Promot.  2013;27(3
Suppl):eS11-20.
56. Jack B,  Bickmore T,  Hempstead M, et al.  Reducing preconception risks among african
american women with conversational agent technology. J Am Board Fam Med. 2015;28(4):441-
451. 
57. Gamage DG, Sidat M, Read T,  et al.  Evaluation of Health Map: a patient-centred web-
based service for supporting HIV-infected patients. Sex Health. 2011;8(2):194-198.
58. Simons LP, Foerster F, Bruck, PA, et al. Microlearning mApp to improve long term health
behaviours:  design  and  test  of  multi-channel  service  mix.  27th  Bled  eConference:

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

#eEcosystems - Proceedings; 2014.
59. Simons LP, van Bodegom D, Dumaij A, et al. Design lessons from an RCT to test efficacy of
a  hybrid  eHealth  solution  for  work  site  health.  28th  Bled  eConference:  #eWellbeing  -
Proceedings; 2015.
60. Simons LP, Hafkamp MPJ,  Van Bodegom D, et al.  Improving employee health; lessons
from an RCT. Int J Netw Virtual Organ.2017;17(4):341-53.
61. Willems RA, Bolman CAW, Mesters I, et al. The Kanker Nazorg Wijzer (Cancer Aftercare
Guide) protocol: the systematic development of a web-based computer tailored intervention
providing psychosocial and lifestyle support for cancer survivors. BMC Cancer. 2015;15(1):580.
62. Kanera  IM,  Willems  RA,  Bolman  CA,  et  al.  Use  and  appreciation  of  a  tailored  self-
management  eHealth  intervention  for  early  cancer  survivors:  process  evaluation  of  a
randomized controlled trial  [published correction appears in  J  Med Internet Res.  2016 Sep
13;18(9):e242]. J Med Internet Res. 2016;18(8):e229.
63. Kanera IM, Willems RA, Bolman CA, Mesters I, Verboon P, Lechner L. Long-term effects of
a  web-based  cancer  aftercare  intervention  on  moderate  physical  activity  and  vegetable
consumption among early cancer survivors: a randomized controlled trial.  Int J  Behav Nutr
Phys Act. 2017;14(1):19.
64. Willems  RA,  Bolman  CAW,  Mesters  I,  et  al.  Short-term effectiveness  of  a  web-based
tailored intervention for cancer survivors on quality of life, anxiety, depression, and fatigue:
randomized controlled trial. Psychooncology. 2017;26(2):222-30.
65. Schulz DN,  Kremers SPJ,  van Osch LADM,  et  al.  Testing a Dutch web-based tailored
lifestyle programme among adults: a study protocol. BMC Public Health. 2011;11(1):108.
66. Schulz DNS, de Vries F, van Osch H, et al.  Program completion of a web-based tailored
lifestyle intervention for adults: differences between a sequential and a simultaneous approach.
Journal of Medical Internet Research. 2012;14(2):56-74.
67. Schulz DN, Kremers SP, Vandelanotte C, et al. Effects of a web-based tailored multiple-
lifestyle intervention for adults: a two-year randomized controlled trial comparing sequential
and simultaneous delivery modes. J Med Internet Res. 2014;16(1):e26.
68. Schulz DN, Smit ES, Stanczyk NE, Kremers SP, de Vries H, Evers SM. Economic evaluation
of a web-based tailored lifestyle intervention for adults: findings regarding cost-effectiveness
and cost-utility from a randomized controlled trial. J Med Internet Res. 2014;16(3):e91. 
69. Schulz  DN,  Kremers  SP,  De  Vries  H.  Tailored  eHealth  lifestyle  promotion:  which
behavioral modules do users prefer?. J Health Commun. 2015;20(6):663-672.
70. Reinwand  DA,  Schulz  DN,  Crutzen  R,  Kremers  SP,  de  Vries  H.  Who  follows  eHealth
interventions  as  recommended?  a  study  of  participants'  personal  characteristics  from  the
experimental arm of a randomized controlled trial. J Med Internet Res. 2015;17(5):e115.
71. Tarride JE, Harrington K, Balfour R, et al. Partnership in employee health. A workplace
health program for British Columbia Public Service Agency (Canada).  Work. 2011;40(4):459-
471. 
72. Duman-Lubberding  S,  van  Uden-Kraan  CF,  Jansen  F,  et  al.  Feasibility  of  an  eHealth
application "OncoKompas" to  improve personalized survivorship cancer  care.  Support  Care
Cancer. 2016;24(5):2163-2171. 
73. van der Hout A, van Uden-Kraan CF, Witte BI, et al. Efficacy, cost-utility and reach of an
eHealth  self-management  application  'Oncokompas'  that  helps  cancer  survivors  to  obtain
optimal  supportive  care:  study  protocol  for  a  randomised  controlled  trial.  Trials.
2017;18(1):228.
74. Melissant HC, Verdonck-de Leeuw IM, Lissenberg-Witte BI, Konings IR, Cuijpers P, Van
Uden-Kraan CF.  'Oncokompas',  a web-based self-management application to support patient
activation and optimal supportive care: a feasibility study among breast cancer survivors. Acta

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

Oncol. 2018;57(7):924-934. 
75. Matthijs  de  Wit  L,  van  Uden-Kraan  CF,  Lissenberg-Witte  BI,  et  al.  Adoption  and
implementation of a web-based self-management application "Oncokompas" in routine cancer
care: a national pilot study. Support Care Cancer. 2019;27(8):2911-2920.
76. Schuit AS,  Holtmaat K,  Hooghiemstra N, et al.  Efficacy and cost-utility of the eHealth
application  ‘Oncokompas’,  supporting  patients  with  incurable  cancer  in  finding  optimal
palliative care, tailored to their quality of life and personal preferences: a study protocol of a
randomized controlled trial. BMC Palliat Care. 2019;18(1):85.
77. Schuit AS, Holtmaat K, Hooghiemstra N, et al. Efficacy and cost-utility of the eHealth self-
management application 'Oncokompas', helping partners of patients with incurable cancer to
identify their unmet supportive care needs and to take actions to meet their needs: a study
protocol of a randomized controlled trial. Trials. 2020;21(1):124.
78. van  der  Hout  A,  van  Uden-Kraan  CF,  Holtmaat  K,  et  al.  Role  of  eHealth  application
Oncokompas in supporting self-management of symptoms and health-related quality of life in
cancer survivors: a randomised, controlled trial. Lancet Oncol. 2020;21(1):80-94.
79. van der Hout A, Holtmaat K, Jansen F, et al.  The eHealth self-management application
'Oncokompas'  that  supports  cancer  survivors  to  improve  health-related  quality  of  life  and
reduce symptoms: which groups benefit most? Acta Oncol. 2021;60(4):403-11.
80. van der Hout A, Jansen F, van Uden-Kraan CF, et al. Cost-utility of an eHealth application
'Oncokompas'  that  supports  cancer  survivors  in  self-management:  results  of  a  randomised
controlled trial. J Cancer Surviv. 2021;15(1):77-86.
81. van der Hout A, van Uden-Kraan CF, Holtmaat K, et al. Reasons for not reaching or using
web-based self-management applications, and the use and evaluation of Oncokompas among
cancer  survivors,  in  the  context  of  a  randomised  controlled  trial.  Internet  Interv.
2021;25:100429.
82. Schuit AS,  van Zwieten V,  Holtmaat K,  et al.  Symptom monitoring in cancer and fully
automated advice  on supportive  care:  patients'  perspectives  on self-management  strategies
and  the  eHealth  self-management  application  Oncokompas.  Eur  J  Cancer  Care  (Engl).
2021;30(6):e13497. doi:10.1111/ecc.13497
83. Kouwenhoven-Pasmooij  TA,  Djikanovic  B,  Robroek  SJW,  et  al.  Design  and  baseline
characteristics  of  the  PerfectFit  study:  a  multicenter  cluster-randomized  trial  of  a  lifestyle
intervention  in  employees  with  increased  cardiovascular  risk.  BMC  Public  Health.
2015;15(1):715.
84. Kouwenhoven-Pasmooij TA, Robroek SJW, Kraaijenhagen RA, et al. Effectiveness of the
blended-care lifestyle intervention 'PerfectFit': a cluster randomised trial in employees at risk
for cardiovascular diseases. BMC Public Health. 2018;18(1):766. 
85. Colkesen EB, Niessen MA, Peek N, et al.  Initiation of health-behaviour change among
employees participating in a web-based health risk assessment with tailored feedback. J Occup
Med Toxicol. 2011;6:5. 
86. Colkesen EB, Ferket BS, Tijssen JG, Kraaijenhagen RA, van Kalken CK, Peters RJ. Effects
on cardiovascular  disease  risk  of  a  web-based  health  risk  assessment  with  tailored  health
advice: a follow-up study. Vasc Health Risk Manag. 2011;7:67-74. 
87. Colkesen EB, Kraaijenhagen RA, Frings-Dresen MH, et al. Participation in a workplace
web-based health risk assessment program. Occup Med (Lond). 2011;61(8):586-9.
88. Laan  EK,  Kraaijenhagen  RA,  Peek  N,  et  al.  Effectiveness  of  a  web-based  health  risk
assessment  with  individually-tailored  feedback  on lifestyle  behaviour:  study  protocol.  BMC
Public Health. 2012;12(1):200-.
89. Vosbergen S,  Laan EK,  Colkesen EB,  et  al.  Evaluation of end-user satisfaction among
employees participating in a web-based health risk assessment with tailored feedback. J Med

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

Internet Res. 2012;14(5):e140. 
90. Vosbergen S, Mahieu GR, Laan EK, Kraaijenhagen RA, Jaspers MW, Peek N. Evaluating a
web-based health risk assessment with tailored feedback: what does an expert focus group
yield compared to a web-based end-user survey?. J Med Internet Res. 2014;16(1):e1. 
91. Agher  D,  Sedki  K,  Despres  S,  Albinet  JP,  Jaulent  MC,  Tsopra R.  encouraging behavior
changes and preventing cardiovascular diseases using the Prevent Connect mobile health app:
conception and evaluation of app quality. J Med Internet Res. 2022;24(1):e25384. 
92. Broekhuizen K,  van Poppel  MN,  Koppes LL,  et  al.  A  tailored lifestyle  intervention to
reduce the cardiovascular disease risk of individuals with familial hypercholesterolemia (FH):
design of the PRO-FIT randomised controlled trial. BMC Public Health. 2010;10:69.
93. Broekhuizen  K,  van  Poppel  MN,  Koppes  LL,  Kindt  I,  Brug  J,  van  Mechelen  W.  No
significant improvement of cardiovascular disease risk indicators by a lifestyle intervention in
people with familial  hypercholesterolemia compared to usual  care:  results of a randomised
controlled trial. BMC Res Notes. 2012;5:181. 
94. Broekhuizen K, van Poppel MN, Koppes LL, et al.  Can multiple lifestyle behaviours be
improved  in  people  with  familial  hypercholesterolemia?  results  of  a  parallel  randomised
controlled trial. PLoS One. 2012;7(12):e50032.
95. Broekhuizen  K,  Jelsma  JG,  van  Poppel  MN,  et  al.  Is  the  process  of  delivery  of  an
individually tailored lifestyle intervention associated with improvements in  LDL cholesterol
and multiple lifestyle behaviours in people with familial  hypercholesterolemia? BMC Public
Health. 2012;12:348.
96. Davis  S,  Abidi  S,  Cox,  J.  Generating  personalised  cardiovascular  risk  management
educational  interventions  linking  SCORE  and  behaviour  change.  J  Inf  Technol  Healthc.
2008;6(1):73-82.
97. Davis S,  Abidi SS,  Stewart S.  A compositional  personalization approach for designing
personalized  patient  educational  interventions  for  cardiovascular  risk  management.  Stud
Health Technol Inform. 2010;160(Pt 1):629-633. 
98. Shah  BR,  Adams  M,  Peterson ED,  et  al.  Secondary  prevention risk  interventions  via
telemedicine  and  tailored  patient  education  (SPRITE):  a  randomized  trial  to  improve
postmyocardial infarction management. Circ Cardiovasc Qual Outcomes. 2011;4(2):235-242. 
99. Zullig  LL,  Peterson ED,  Shah  BR,  et  al.  Secondary  Prevention  Risk  Interventions  via
Telemedicine and Tailored Patient  Education (SPRITE):  a  randomized trial  to improve post
myocardial infarction management. Patient Educ Couns. 2022;105(9):2962-8.
100. van  den  Brekel-Dijkstra  K,  Rengers  AH,  Niessen  MA,  de  Wit  NJ,  Kraaijenhagen  RA.
Personalized prevention approach with  use  of  a  web-based cardiovascular  risk assessment
with  tailored lifestyle  follow-up in  primary care  practice--a  pilot  study.  Eur  J  Prev Cardiol.
2016;23(5):544-551. 
101. Bartholomew Eldredge LK, Markham CM, Ruiter RAC, Fernández ME, Kok G, Parcel GS.
Planning health promotion programs: an Intervention Mapping approach. 4 ed. San Francisco:
Jossey-Bass Inc., 2016.
102. Lancaster  GA.  Statistical  issues  in  the  assessment  of  health  outcomes  in  children:  a
methodological review. J R Stat Soc Ser A Stat Soc.  2009;172(4):707-27.
103. McColl E, Jacoby A, Thomas L, et al. Design and use of questionnaires: a review of best
practice  applicable  to  surveys  of  health  service  staff  and  patients.  Health  Technol  Assess.
2001;5(31):1-256.
104. Borland R. CEOS theory: a comprehensive approach to understanding hard to maintain
behaviour change. Appl Psychol Health Well Being. 2017;9(1):3-35. 
105. Fisher JD, Fisher WA, Amico KR, et al. An information-motivation-behavioral skills model
of adherence to antiretroviral therapy. Health Psychol. 2006;25(4):462-73.

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

106. Abraham  C,  Denford  S.  Design,  implementation,  and  evaluation  of  behavior  change
interventions: a ten-task guide. In: Hagger MS, Cameron LD, Hamilton K, Hankonen N, Lintunen
T, editors.  The handbook of behavior change. Cambridge Handbooks in Psychology. New York,
NY: Cambridge University Press; 2020. p. 269-84. 
107. Abraham C,  Johnson BT,  de  Bruin  M,  et  al.  Enhancing reporting  of  behavior  change
intervention evaluations. J Acquir Immune Defic Syndr. 2014;66 Suppl 3:S293-9.
108. Albrecht L,  Archibald M,  Arseneau D,  et  al.  Development of a checklist  to assess the
quality  of  reporting  of  knowledge  translation  interventions  using  the  Workgroup  for
Intervention  Development  and Evaluation Research (WIDER)  recommendations.  Implement
Sci. 2013;8:52. doi:10.1186/1748-5908-8-52
109. Robertson  T,  Simonsen  J.  Participatory  design:  an  introduction.  In:  Simonsen  J,
Robertson  T,  editors.  Routledge  international  handbook of  participatory  design.  New  York:
Routledge; 2013. p. 1-18.
110. Lupton  D.  The  digitally  engaged  patient:  Self-monitoring  and  self-care  in  the  digital
health era. Soc Theory Health.  2013;11(3):256-70.
111. Besedovsky L,  Lange T,  Haack M.  The sleep-immune crosstalk in health and disease.
Physiol Rev. 2019;99(3):1325-80.
112. Garbarino S, Lanteri P, Bragazzi NL, et al. Role of sleep deprivation in immune-related
disease risk and outcomes. Commun Biol. 2021;4(1):1304.
113. Dorrian J, Centofanti S, Smith A, et al. Self-regulation and social behavior during sleep
deprivation. In: Van Dongen HPA, Whitney P, Hinson JM, Honn KA, Chee MWL, editors. Progress
in brain research. Vol 246. Amsterdam: Elsevier; 2019. p. 73-110. .
114. Altena E, Van Der Werf YD, Strijers RL, et al. Sleep loss affects vigilance: effects of chronic
insomnia and sleep therapy. J Sleep Res. 2008;17(3):335-43.
115. Palmer CA, Alfano CA. Sleep and emotion regulation: an organizing, integrative review.
Sleep Med Rev. 2017;31:6-16.
116. Geneen LJ, Moore RA, Clarke C, et al.  Physical activity and exercise for chronic pain in
adults: an overview of Cochrane Reviews. Cochrane Database Syst Rev. 2017;4(4):Cd011279.
117. van Hecke O,  Torrance N,  Smith BH.  Chronic  pain epidemiology -  where do lifestyle
factors fit in? Br J Pain. 2013;7(4):209-17.
118. Hawkley  LC,  Cacioppo  JT.  Loneliness  matters:  a  theoretical  and  empirical  review  of
consequences and mechanisms. Ann Behav Med.2010;40(2):218-27.
119. Hom MA, Chu C,  Rogers ML, et al.  A meta-analysis of the relationship between sleep
problems and loneliness. Clin Psychol Sci. 2020;8(5):799-824.
120. Umberson D, Montez JK. Social relationships and health: a flashpoint for health policy. J
Health Soc Behav. 2010;51 Suppl(Suppl):S54-66.
121. Krokstad  S,  Ding  D,  Grunseit  AC,  et  al.  Multiple  lifestyle  behaviours  and  mortality,
findings from a large population-based Norwegian cohort study - The HUNT Study. BMC Public
Health. 2017;17(1):58.
122. Prochaska JJ, Prochaska JO. A review of multiple health behavior change interventions
for primary prevention. Am J Lifestyle Med. 2011;5(3):208-21.
123. Ren Y, Luo F, Ren P, et al. Exploring multiple goals balancing in complex problem solving
based on log data. Front  Psychol. 2019;10.
124. Tighe SA, Ball K, Kensing F, et al. Toward a digital platform for the self-management of
noncommunicable  disease:  systematic  review of  platform-like  interventions.  J  Med Internet
Res. 2020;22(10):e16774.
125. Jiang Y,  Ding X, Liu D, et al.  Designing intelligent self-checkup based technologies for
everyday healthy living. Int J Hum Comput Stud.2022;166:102866.
126. Shin  S,  Oh  H,  Kang  M,  et  al.  Feasibility  and  effectiveness  assessment  of  a  mobile

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

application  for  subhealth  management:  study  protocol  for  a  randomized  controlled  trial.
Medicine (Baltimore). 2019;98(21) :e15681.

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

Supplementary Files

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

Multimedia Appendixes

Screening Data.
URL: http://asset.jmir.pub/assets/f720e922fbbc2812ecdd2604146d90d8.xlsx

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]



JMIR Preprints McNeill et al

CONSORT (or other) checklists

PRISMA-ScR-Fillable-Checklist_10Sept2019.
URL: http://asset.jmir.pub/assets/909621aa1b2629f423146f8b9ed1c951.pdf

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/68112 [unpublished, peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Multimedia Appendixes
	Multimedia Appendix 0

	CONSORT (or other) checklists
	CONSORT (or other) checklist 0



