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Chapter 4

ABSTRACT

Background: eHealth is a useful tool to deliver lifestyle interventions for patients
with cardiometabolic diseases. However, there are inconsistent findings about
whether these eHealth interventions should be supported by a human profes-
sional, or whether self-help interventions are equally effective.

Methods: Databases were searched between January 1995 and October 2021
for randomized controlled trials on cardiometabolic diseases (cardiovascular
disease, chronic kidney disease, type 1 and 2 diabetes mellitus) and eHealth
lifestyle interventions. A multilevel meta-analysis was used to pool clinical and
behavioral health outcomes. Moderator analyses assessed the effect of inter-
vention type (self-help vs. human-supported), dose of human support (minor
vs. major part of intervention), and delivery mode of human support (remote vs.
blended). 107 papers fulfilled eligibility criteria and 102 unique (N=20,781) studies
were included.

Results: The analysis showed a positive effect of eHealth lifestyle interventions
on clinical and behavioral health outcomes (p<.001). However, these effects were
not moderated by intervention type (p=.169), dose (p=.698), or delivery mode
of human support (p=.557).

Conclusion: This shows that self-help eHealth interventions are equally effective
as human-supported ones in improving health outcomes among cardiometa-
bolic disease patients. Future studies could investigate whether higher quality
eHealth interventions compensate for a lack of human support.

Keywords: cardiovascular disease; chronic kidney disease; type 1 diabetes mel-
litus; type 2 diabetes mellitus; eHealth; lifestyle change; human support
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INTRODUCTION

Cardiometabolic diseases, i.e. diseases to the heart, are an increasing threat to
patients’ health and quality of life (Danaei et al., 2014; WHO, 2021). This includes
cardiovascular diseases (CVD) and type 1 and 2 diabetes mellitus (TIDM and
T2DM), and comprises of conditions such as chronic kidney disease (CKD). These
diseases share similar underlying clinical risk factors, such as adiposity, high
blood pressure, cholesterol levels, and blood glucose levels (Ryden et al.,, 2014;
Suckling & Gallagher, 2012). Moreover, these four diseases have similar behav-
ioral risk factors, such as smoking, physical inactivity, unhealthy diet, and use of
alcohol, which is why a healthy lifestyle is the preferred management strategy
for all (Ryden et al., 2014; Suckling & Gallagher, 2012). Participating in lifestyle
interventions can, therefore, improve patients’ health and quality of life (Piepoli
et al, 2016).

Nevertheless, many patients who have participated in cardiac rehabilitation
experience difficulties in maintaining a healthy lifestyle in the long-term (Jans-
sen et al,, 2013). Research suggests that the use of home-based interventions
is more suitable for durable lifestyle change compared to traditional face-to-
face interventions (ter Hoeve et al,, 2015). For that reason, the implementation of
eHealth could be beneficial. eHealth can be defined as the use of information
and communication technology, such as the internet, to support or enhance
health and health care by means of remote or automated support (Barak et
al., 2009). eHealth lifestyle interventions show to be effective in improving car-
diometabolic risk factors. For example, eHealth interventions aimed at physical
activity or nutrition can improve clinical risk factors such as blood glucose levels
(Liang et al., 2011) and blood pressure (Liu et al., 2013), and behavioral risk factors
such as fat, fruit and vegetable consumption, and physical activity (Carvalho de
Menezes, 2016). Another advantage of eHealth over face-to-face interventions
is that the former is easier to implement in a larger and more varied audience.
Especially self-help interventions are suitable for widespread implementation,
as no human care professional needs to be involved (Barak et al., 2009). Self-
help interventions could help reduce the workload for care professionals, and
the costs of treatment (Srivastava et al., 2015). Furthermore, studies show that
eHealth interventions with low or even no involvement of care professionals are
effective in improving clinical and behavioral risk factors among people with
CVD (Coorey et al., 2018).

Despite these advantages, previous meta-analyses and reviews showed
mixed results regarding the effect of self-help interventions through eHealth.
Notably, some studies have found higher effect sizes for digital interventions
in which the feedback was provided by a human (Lau et al., 2020). This meant
that interventions with fully remote human support (Joiner et al., 2017) or those
that additionally incorporated face-to-face human support (otherwise called
blended interventions) had more effect (i.e., higher effect sizes) than self-help
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eHealth interventions without any form of human support. In previous studies,
authors have argued that human supported interventions are more effective
compared to interventions with only automated feedback because they are
tailored to the patient’s needs (Lau et al., 2020). Furthermore, human support is
found to increase adherence to interventions (Joiner, 2017). In addition, blend-
ed interventions would be more effective than fully remote supported inter-
ventions because behavior change maintenance is more successful in when
they involve face-to-face interactions (Beishuizen et al., 2018). In other studies,
however, no differences were found in achieving lifestyle behavior change be-
tween human-supported and self-help only lifestyle interventions (Lustria et al.,
2013), blended interventions compared to remotely-supported ones (Kloek et
al,, 2017), and interventions with automated feedback compared to those with
human-generated feedback (Webb et al., 2010). These discrepancies in research
findings could be explained by the varying 'support dose’ (e.g., frequency of
contact) within the human-supported interventions. Previous meta-analyses
regarding eHealth lifestyle interventions have simply categorized studies into
self-help or human-supported, or into blended and remote support. In partic-
ular, these meta-analyses made no distinction between the type and chan-
nel of human support; This meant that studies in which a clinical psychologist
gives daily feedback on assignments, studies in which psychology students
give monthly telephone calls based on a script, or studies in which patients
have the option to contact a therapist were all treated alike. In contrast, vari-
ous meta-analyses regarding psychological interventions have looked at these
variables in more detail. One of these meta-analyses found that interventions
with greater amounts of therapeutic contact encountered lower dropout rates
(Pearcy et al,, 2016). Other studies found that both administrative support by a
layperson and therapeutic support by a professional are equally effective in
treating symptoms and preventing dropout (Baumeister et al., 2014; Richards &
Richardson, 2012). Similar results have been found in a meta-analysis regarding
digital mental health interventions (Leung et al., 2022). Other meta-analyses re-
garding eHealth interventions revealed that higher intensity of support improves
intervention adherence rates (Hoppen et al.,, 2021; Koelen et al,, 2022).

To our knowledge, no other studies have yet focused on the effectiveness of
(human-supported and self-help) eHealth lifestyle interventions for multiple
cardiometabolic risk factors, or investigated whether the dose of human sup-
port in eHealth lifestyle interventions is related to the effectiveness of these
interventions. Therefore, the aims of this meta-analysis are: (1) investigating the
effectiveness of eHealth lifestyle interventions for people with or at risk of CVD,
CKD, TIDM and T2DM on clinical and behavioral health outcomes, (2) investi-
gating whether there is a difference in the effectiveness of human-supported
and self-help eHealth lifestyle interventions on clinical and behavioral health
outcomes, and (3) investigating whether moderating factors such as dose and
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delivery mode of human support influence the effectiveness of eHealth lifestyle
interventions on clinical and behavioral health outcomes.

METHODS

We preregistered our meta-analysis in the PROSPERO database (PROSPERO 2021
CRD42021269263; Cohen Rodrigues et al., 202]). The meta-analysis was conduct-
ed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA; Page et al., 2021).

Search and Study Selection
A systematic literature search was conducted within multiple databases (see
Figure 1). With the help of the university’s librarian, a search string was created
with key search terms related to (1) eHealth, (2) clinical and behavioral out-
comes, (3) cardiometabolic diseases, and (4) randomized controlled trials (see
Appendix 1 for the full search string). The search was conducted for studies from
1995 (given the increasing use of Internet from that year onward), and was lastly
updated on 6 October 2021. After removal of duplicates, titles and abstracts were
screened by two of the three independent researchers to identify studies meet-
ing the inclusion criteria. Inconsistencies were resolved in weekly discussions.
Inclusion and exclusion criteria were established with the help of the PICO
statement (populotion, intervention, comparator, outcome; Schardt et al., 2007).
Participants of the included studies were required to be (1) 18 years or older, and
(2) either have one or more cardiometabolic risk factors, (as determined and
specifically mentioned by the authors of the paper) or be diagnosed with CVD,
CKD, TIDM or T2DM. Given the primary focus of our study on cardiometabolic
patients we decided to, in case of a population with cardiometabolic risk factors
only, exclude studies if cardiometabolic patients were explicitly excluded from
participation. Furthermore, studies were included if the intervention (3) aimed
at improving one or more lifestyle behaviors (physical activity, nutrition, smok-
ing, alcohol intake, sleep), (4) was delivered via eHealth tools such as through
a website or mobile-based application (phone, text-messages: videoconfer-
encing could be used, but not as main mode of communication), (5) provided
education or skills training (e.g., using behavior change techniques), and (6)
was interactive (involving actions of a user and reactions from the program
in response to a user’s actions). In addition to this, we only included (7) ran-
domized controlled trials, which used as comparator either a passive control
(wait-list or usual care), a non-web- or mobile-based intervention, or a less
extensive web- or mobile-based intervention. Finally, studies were included if
they (8) reported minimally one self-reported or objectively observed clinical
(e.g. blood pressure) or behavioral health outcome (e.g., step count), and (9)
the full-text was available in English or Dutch. These inclusion and exclusion
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criteria were used to check for study eligibility, which was again conducted
by two of the three independent researchers. Disagreements were resolved in
weekly meetings, and if needed, with the help of a third independent research-
er. If two papers reported on the same study, we included the one reporting
the outcomes most extensively. After the systematic search, we conducted a
forward citation search to find relevant papers that either cited one of our in-
cluded studies or that were written by one of the authors of our included stud-
ies. Finally, we ran a backward citation search to look at articles cited by the
authors included in our study. In case original data were not available in the
manuscript we contacted the relevant authors in writing to ask for the data.
Authors were contacted a maximum of two times over a period of three months.

Data Extraction

A predefined coding form was used to extract the data. We extracted (1) study
characteristics, (2) population characteristics at baseline, (3) characteristics of
each condition (control and intervention), and (4) self-reported or objectively
observed clinical or behavioral outcome data. For the population characteris-
tics, we coded the diagnosis of the participants (CVD, TIDM, T2DM, CKD, at-risk
population (without diagnosis, but with cardiometabolic risk factors), or mixed
patient population), mean age of the participants per group, percentage of
female participants per group, and educational level of the participants per
group. For the condition characteristics, we coded the type of control condition
(possive or active), intervention length (duration of the intervention in weeks
irrespective of pre-post design or longer term follow-ups), the type of interven-
tion (self-help or human-supported), dose of human support (minor or major
part of intervention), and delivery mode of human support (remote or blended).
Type of intervention was coded as ‘self-help” ‘if the study investigated an inter-
vention without any involvement from another human coach and could be fol-
lowed completely independently, and as ‘human-supported’ if a human coach
(healthcare professional or layperson) was involved to support the participant
in following the intervention. Dose of human support was coded as ‘minor” if
the study investigated an intervention that was delivered through an eHealth
tool, which the patient could practice independently or with some additional
involvement of a human coach. It was coded as “major” if the study investigated
an intervention which was delivered by a human coach, in which eHealth served
as an additional tool that supported the human guidance. Delivery mode was
coded as “remote” if human support was solely delivered via mediated forms
of communication (e.g. text messages), and as “blended” if the human support
was delivered both via digital communication tools and in face-to-face settings.
For the outcome data, all self-reported or objectively observed clinical (blood
pressure, glucose, cholesterol, weight, CVD composite score, physical activity
capacity) and behavioral (physical activity behavior, smoking, nutrition, alco-
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hol, sleep and requqtion) outcome data were extracted. We decided to treat
physical activity capacity, such as distance walked in a specific amount of time
or oxygen uptake during physical effort (VO2max), as a clinical variable and
physical activity behavior, such as steps or minutes of physical activity per day,
as a behavioral variable. For each outcome variable baseline and follow-up
measures, mean differences (pre-post measure within one group), or change
scores (difference between control and experimental group) were extracted. In
case of multiple intervention conditions, all conditions were extracted, and in
case of multiple control conditions, only the least extensive condition was ex-
tracted. To assess the methodological quality, we used the latest Cochrane Risk
of Bias tool (RoB 2.0) to extract and assess potential risks at study level regarding
the randomization process, deviations from intended interventions (effect of as-
signment), missing outcome data, measurement of the outcome, and selection
of the reported result (Sterne etal., 2019). Studies were assessed as “low”, “some
concerns”, or “high” risk of bias in the above mentioned domains. For each study,
two of the three independent researchers conducted both the data extraction
and risk of bias assessment, and compared their outcomes (interrater reliability
of 78%). Possible differences were all resolved in regular meetings, and if needed,
with the help of a third independent researcher. Corresponding authors were
contacted in case of missing information on key variables.

Statistical Analyses

An important feature differentiating this study from existing meta-analyses on
the effectiveness of eHealth lifestyle interventions for cardiometabolic diseases
is our use of a multilevel approach. Rather than conducting a meta-analysis for
each outcome separately, a three-level model allowed us to combine different
outcome variables from the same study as it can deal with interdepency of
effect sizes (Assink & Wibbelink, 2016). The analyses were performed with the
Metafor package in RStudio (version 1.4.1103). We estimated pooled effects for
all clinical and behavioral outcome variables, using a random effects muilti-
level model (Assink & Wibbelink, 2016). We used a three-level model to take into
account that multiple effect sizes can be nested within a sample. This model
allows for effect size variance (level 1), nested in effect sizes (level 2), nested in
study samples (level 3). Thus, all outcomes of each study were included in the
analysis, and coded with the same study ID. For continuous variables, standard-
ized mean differences (Hedges’ G) with 95% confidence intervals were calculat-
ed (Hedges & Olkin, 1985). For categorical variables, we calculated odds ratios
with 95% confidence intervals, and transformed those to standardized mean
differences (Polanin & Snilstveit, 2016). Variances were calculated based on the
provided standard deviations or confidence intervals (Higgins et al., 2019). In
case outcomes were measured at multiple time points, we included the out-
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come directly measured after the end of the intervention as defined by the
studies. The intention was to prevent a large variety in long-term measurements.

We assessed publication bias by inspecting funnel plots and performed an
Egger's test (Egger et al, 1997) with the Metafor package in RStudio. Publication
bias results from studies reporting statistically or clinical significant results more
often than non-significant results (Egger et al., 1997). Hence, the effect sizes of stud-
ies included in the meta-analysis can differ from the general effect size if all (in-
cluding non-significant) studies would be considered. We determined statistical
heterogeneity using log-likelihood-ratio tests for both within-study variance (level
2) and between-study variance (level 3) (Assink & Wibbelink, 2016). Additionally,
we conducted moderator analyses to assess the effectiveness of self-help and
human-supported eHealth lifestyle interventions, and the effect of dose and de-
livery mode of human support on the effectiveness of eHealth lifestyle interven-
tions on clinical and behavioral health outcomes. For this, the three-level random
effects model was extended to a three-level mixed effects model (Assink & Wib-
belink, 2016) with the following moderators: type of intervention (self-help vs. hu-
man-supported), dose of human support (minor vs. major part of intervention),
and delivery mode of human support (remote vs. blended). Furthermore, we con-
ducted a moderator analysis with the risk of bias-scores (low risk of bias, some
concerns, and high risk of bias) and study, intervention and population charac-
teristics (control condition type, intervention length, patient age and diagnosis).

RESULTS

Study Selection

The search resulted in 4593 papers without duplicates. After abstract screening,
a total of 600 full-texts were screened for eligibility. 498 papers did not meet the
eligibility criteria and were, therefore, excluded. Five more papers were identi-
fied during the forward search, which resulted in a total of 107 papers fulfilling
eligibility criteria, corresponding with 102 unique studies. The study selection
process is summarized in Figure 1 (Pages et al., 2021).

Study Characteristics

The 102 studies produced 809 effect sizes, which all reflected the association
between the use of an eHealth lifestyle intervention and either a clinical or be-
havioral outcome. A total of N = 20,781 patients were included in the studies, of
which were N = 3428 CVD patients (26 studies), N = 72 TIDM patients (1 study),
N = 7143 T2DM patients (38 studies), N = 365 CKD patients (3 studies), N = 3,648
people at-risk (19 studies), and N = 6,125 patients from a sample with a combi-
nation of two or more of the before-mentioned diseases (15 studies).
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Figure 1. Prisma flowchart of literature search and screening.
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Sample sizes ranged from 20 to 2724. The mean age of the patients ranged
from 35.2 to 75.9 years old. All studies included a combination of female and
male patients. The duration of the interventions ranged from 1.5 to 24 months.
The maijority of the studies investigated the effect of interventions aimed either
at physical activity (25), or a combination of multiple lifestyle behaviors (70).
30 investigated interventions (29%) were self-help, while 85 interventions (83%)
offered some form of human support. See Appendix 2 for an overview of all
studies included in the meta-analysis.
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Risk of Bias Assessment & Publication Bias

The methodological quality of the included studies varied, but was overall suf-
ficient. Almost all studies scored ‘some concerns’ on one of the domains in the
Risk of Bias assessment, resulting in a ‘some concerns’ overall score for the ma-
jority of the studies (see Appendix 3). We found that the risk of bias-score did not
moderate the association between eHealth lifestyle interventions and clinical
and behavioral health outcomes (F(2, 829) = .637, p = .529). This indicates that
there were no significant differences in mean effect size between studies with
a low risk of bias-, some concerns-, or high risk of bias-score.

Possible publication bias was initially examined by visual inspection of a funnel
plot. The funnel plot showed some asymmetry (indicating possible publication
bias). Next, we tested funnel plot asymmetry by regressing the standard normal
deviation against the estimate’s precision (Egger et al., 1997). The analysis con-
firmed the visual inspection of the funnel plot, and showed that the intercept
significantly deviated from zero, t(808) = 3.12, p <.001. This means that there are
reasons to believe there is a publication bias for studies on eHealth lifestyle
interventions.

Effectiveness of eHealth lifestyle interventions
The overall mean effect size of eHealth lifestyle interventions on clinical and
behavioral health outcomes is 0.10 (expressed in Hedges’ g; p < .001). A stan-
dardized mean difference of 0.10 is considered as small (Cohen, 1988). This
indicates that patients with cardiometabolic diseases who follow an eHealth
lifestyle intervention show more improvement in clinical and behavioral health
outcomes compared to patients in control conditions. The overall mean effect
size of eHealth lifestyle interventions on clinical outcomes only, as well as be-
havioral outcomes only, were 0.09 (p < .001) and 0.13 (p < .001), (see Table 1). We
did not find a significant difference between the mean effect sizes of eHealth
lifestyle interventions on clinical versus behavioral health outcomes (p = 0.05]).
We conducted additional analyses for each outcome category separately. For
the clinical outcome measures, we found significant mean effect sizes of eHealth
lifestyle interventions on glucose outcomes (0.8, p= .022), weight outcomes
(0.12, p = .015), and physical activity capacity outcomes (0.14, p < .001), but not
for eHealth lifestyle interventions on blood pressure outcomes, cholesterol out-
comes, and composite score outcomes. For the behavioral outcome measures,
we found significant mean effect sizes of eHealth lifestyle interventions and
physical activity outcomes (0.17, p <.001), and nutrition outcomes (0.13, p = .007),
but not for eHealth lifestyle interventions on smoking outcomes, alcohol out-
comes, and sleep and relaxation outcomes. See Table 1 for all mean effect sizes
of eHealth lifestyle interventions on each outcome category.
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Heterogeneity

Given the three-level model, we assessed both between-study heterogeneity
(variance between studies) and within-study heterogeneity (variance between
effect sizes from the same study). For all outcomes, we found significant be-
tween-study heterogeneity (o2 =.014, x (1) = 29.53, p < .001), as well as with-
in-study heterogeneity (02 = .055, x2 (1) = 499.77, p < .001). For clinical outcomes,
the between-study heterogeneity (o2 =.010, x2 (1) = 8.92, p =.003) and with-
in-study heterogeneity (o2 = .064, x2 (1) = 440.83, p < .001) were also significant.
Also, for behavioral outcomes we found a significant between-study heteroge-
neity (0% =.034, x? (1) = 22.83, p < .001) and within-study heterogeneity (¢2 = .021, x2
(1) = 26.07, p < .001). Given these significant heterogeneity values, we conducted
moderator analyses for all outcomes combined, for clinical outcomes, and for
behavioral outcomes separately (see Table 1).

Moderator Analyses

Intervention Type, Delivery Mode, and Dose of Support
To test the effect of intervention type (self-help vs. human-supported), dose of
human support (minor vs. major), and delivery mode of human support (remote
vs. blended) on the relationship between eHealth lifestyle interventions and clin-
ical and behavioral health outcomes, we conducted moderator analyses. We
found that intervention type did not moderate the mean effect size of eHealth
lifestyle interventions on all health outcomes (clinical and behavioral health
outcomes combined; p = .169) (see Table 2). Moreover, both dose (p =.698) and
delivery mode of human support (p =.557) did not moderate the mean effect
size eHealth lifestyle interventions on all health outcomes (clinical and behav-
ioral health outcomes combined). We performed the same moderator analyses
on the mean effect size of eHealth lifestyle interventions, and on both clinical and
behavioral outcomes separately (see Table 2). For clinical outcomes, we again
found no significant moderator effect of intervention type (p =.374), dose of
human support (p =.439), or delivery mode (p =.308). For behavioral outcomes,
we also found no significant moderator effect of intervention type (p =.080),
dose of human support (p =.272), or delivery mode (p =.144).

Study, Intervention and Population Characteristics

We conducted several additional moderator analyses to explore whether
study, intervention or population characteristics could explain this heterogeneity
(see Table 3). Control condition type (passive vs. active; p = 0.344), intervention
length (p = .588), mean sample age (p = .053), or diagnosis (CVD, TIDM, T2DM,
CKD, at-risk, or mixed; p = .197) did not significantly moderate the mean effect
size of eHealth lifestyle interventions on all health outcomes, or on either clinical
or behavioral health outcomes separately (see Table 3).
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DISCUSSION

Our multilevel meta-analysis demonstrated that eHealth interventions are
effective in improving cardiometabolic health outcomes. Yet, overall effect size,
both on clinical and behavioral health outcomes, was small. The small effect
sizes are comparable to other meta-analyses investigating eHealth lifestyle
interventions (e.g. 0.139 in Lustria et al. (2013); 0.16 in Webb et al. (2010)). More
specifically, eHealth lifestyle interventions positively influenced the clinical
health outcomes glucose, weight and physical activity capacity (but not blood
pressure, cholesterol and CVD composite score), and the following behavioral
health outcomes: physical activity behavior, and nutrition (but not smoking,
alcohol and sleep or relaxation).. Furthermore, we found that study, intervention
or sample characteristics did not impact the positive effect of eHealth lifestyle
interventions on health outcomes. Finally, control group type, intervention length,
mean sample age, and diagnosis did not influence the effect of eHealth lifestyle
interventions on clinical and behavioral health outcomes.

Contrary to our expectations, our meta-analysis did not show the expect-
ed difference between human-supported and self-help eHealth interventions.
Both human-supported and self-help eHealth interventions were effective in
improving clinical and behavioral health outcomes. Our results contrast other
meta-analyses (Beishuizen et al., 2016; Joiner et al., 2017; Lau et al., 2020) which
did find a stronger effect of human support in eHealth interventions on improv-
ing cardiometabolic risk factors, or a more pronounced effect of blended inter-
ventions compared to remotely supported ones. Instead, our results are more in
line with studies that indicated that there is no difference in the improvement of
cardiometabolic risk factors between human-supported and self-help eHealth
interventions (Lustria et al., 2013; Webb et al., 2010), or blended and remotely
supported eHealth interventions (Kloek et al., 2017). Although one of the aims
of this meta-analysis was to find an explanation for the inconsistent results of
human support in eHealth interventions in these different meta-analyses, our
results with regard to dose and delivery mode of the support did not provide
this explanation. However, these inconsistencies could be due to population-,
outcome- or intervention-related factors.

Regarding the first factor that could provide an explanation to inconsistent
results of human support, the study population, meta-analyses focusing on the
general population did not find a difference between human-supported and
self-help eHealth interventions (Lustria et al., 2013; Webb et al., 2010). However,
contrary to our results, those studies that focused on a patient or at-risk pop-
ulation did encounter differences between human-supported and self-help
eHealth interventions (Beishuizen et al., 2016; Joiner et al., 2017; Lau et al., 2020).
Our meta-analysis with patients and an at-risk population did not find these
differences, and also no differences between conditions. We did however find
that age had a borderline significant effect. Possibly, patients are generally older,

90



Effectiveness of human-supported and self-help eHealth lifestyle interventions

and therefore, more in need of human support when using eHealth compared
to the general population (Crouch & Gordon, 2019).

With regard to outcome-related factors, our study showed no difference be-
tween human-supported and self-help eHealth interventions in the outcome
measure we used: effectiveness. Possibly, we would have found a difference
if we used intervention adherence as an outcome measure. Multiple studies
have shown that self-help eHealth interventions suffer from low levels of in-
tervention adherence, which refers to the extent to which the individual uses
the intervention as intended (Kelders et al.,, 2012; Kelders et al., 201I; Murray et
al, 2013; Wangberg et al,, 2008). However, meta-analyses on multiple studies
investigating intervention adherence to eHealth interventions are difficult to
conduct because only a small proportion of the studies report eHealth inter-
vention adherence (Sieverink et al., 2017). As intervention adherence is related to
intervention effectiveness (Donkin et al., 2011), the level of intervention adherence
could possibly be the missing explanation for the inconsistent results found in
previous meta-analyses regarding the possible added contribution of human
support to self-help eHealth interventions.

Finally, the effectiveness of human support in eHealth interventions could
depend on the characteristics of the specific interventions. In our study, the
inclusion criteria was that the tested intervention was delivered via a website or
mobile-based application, provided education or skills training, and was inter-
active. This narrowed down the type of interventions included in our analyses,
which may have positively influenced the quality of both human-supported and
self-help interventions, and consequently reduced the difference in effective-
ness between the two. Some meta-analyses did find a lower effectiveness of
self-help eHealth interventions, possibly because they included a broader vari-
ety of interventions, including interventions lacking important behavior change
techniques or lower quality of interactive components. For example, Beishuizen
and colleagues (2016) included interventions without education or skills training,
Lau and colleagues (2020) included interventions that were not interactive, and
Joiner and colleagues (2017) included any intervention that used some form of
digital communication (including social media, DVDs, or videoconferencing).
We know that interventions that are more elaborate, for example because they
incorporate multiple behavior change techniques, are more effective in improv-
ing health behavior (Webb et al., 2010). It is therefore not surprising that auto-
mated support is frequently combined with behavior change techniques and
persuasive system design principles (Asbjernsen et al., 2019). Furthermore, an
advantage of self-help interventions is that users can customize what behavior
change technique features are used in their eHealth intervention, which users
appreciate (Coorey, 2018). This means that cardiometabolic patients them-
selves can decide whether their eHealth lifestyle intervention shows motivational
messages (e.g. through push messages on their smartphone) or not, in what

91




Chapter 4

frequency they want to track their behaviors (e.g. filling in a food diary daily or
weekly) or whether they want to watch all the educational videos or whether
they already have enough knowledge on the topic. So the more thorough im-
plementation of behavior change techniques and interactive components as
well as the freedom for the user to choose, could positively affect the quality of
self-help eHealth interventions.

Finally, it is important to note that our hypotheses with regard to the dose and
delivery mode of support were based on findings in mental health interventions.
Based on meta-analyses focusing on both eHealth and regular interventions
or eHealth interventions only, aimed at patients with obsessive-compulsive
disorder (Pearcy et al., 2016), depression and anxiety (Etzelmueller et al., 2020;
Karyotaki et al., 2018; Richards & Richardson, 2012) or mental disorders in general
(Baumeister et al., 2014) found that human-supported interventions are more
effective, and that higher levels of support lead to higher effect sizes. Our me-
ta-analysis however, focused on lifestyle interventions showed contradictory
results. Possibly, mental health issues require more complex interventions that
might require more human support than self-help interventions. Future studies
could investigate whether interventions aimed at mental health improvement
necessitate (more extensive) human support compared to interventions aimed
at lifestyle behavior change.

Strengths, Limitations and Future Research
A strength of our study is that we used a precise definition of eHealth as a study
eligibility criteria. As noted previously, many other meta-analyses on eHealth
included a larger variety of digital tools (e.g. DVDs and videoconferencing) or
less elaborate types of eHealth interventions (e.g., without interactive or educa-
tional components). Our definition created more homogeneity in the inclusion
of eHealth studies. Another strength would be the inclusion of four different
types of cardiometabolic diseases. Not only is there a high comorbidity be-
tween CVD, CKD, TIDM and T2DM, but they also share similar underlying risk
factors and have a similar management strategy (i.e. lifestyle modifications;
Ryden et al., 2014; Suckling, 20]2). Finally, another advantage of our study was our
multi-level approach for the meta-analysis. Other studies concerning eHealth
lifestyle interventions for people with cardiometabolic diseases used a more
traditional univariate approach, and conducted a meta-analysis for each out-
come separately. We contributed to these studies by applying a three-level
model approach (Assink & Wibbelink, 2016), which does not only deal with in-
terdependency of effect sizes, but also presents an overall picture of the effect
of eHealth lifestyle interventions on clinical and behavioral health outcomes.
A number of limitations need to be considered. Firstly, our sensitivity analyses
revealed that there was some publication bias. This may have caused the mean
effect sizes in our study to be different from the true effect sizes for the effect of
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eHealth interventions on clinical and behavioral cardiometabolic health out-
comes. The results should, therefore, be interpreted with caution. Another limita-
tion of the study was the methodological quality of the included studies. The Risk
of Bias assessment resulted in a generally good evaluations of the studies, and
we found that Risk of Bias assessment had no moderating effect on the relation
between eHealth intervention and clinical and behavioral health outcomes.
Since self- management interventions cannot be blinded, almost all studies
lacked double blinding, leading to a possible risk of bias due to deviations from
the intended interventions and in measurement of the outcome (e.g. health
professionals measuring participants blood pressure or weight). Furthermore,
only a minority of the studies preregistered their study and analyses, which may
cause a risk of bias in selection of the reported results. As another limitation,
we should mention that the included studies were substantially heterogeneous
on several levels. With regard to the control group, some of the studies had a
passive control group (waitlist or care as usual), while in other studies patients in
the control group received another intervention. Furthermore, there was a large
variety in intervention duration, which ranged from 1.5 to 24 months. There were
also big differences in mean age of the study samples, which varied from 35.2 to
75.9 years. In spite of this, our analyses revealed that control group type, inter-
vention length, and mean sample age had no moderating effect on the relation
between eHealth intervention and clinical and behavioral health outcomes.
Our study has raised new questions regarding eHealth interventions and
human support that would be interesting to address in future research. Adher-
ence to interventions is still poorly defined and underreported. Therefore, we
suggest that future randomized controlled trials evaluating eHealth lifestyle
interventions implement better intervention adherence measures. This would
also enable the investigation of the relationship between human-supported
and self-help eHealth interventions on intervention adherence. In contrast to
previous meta-analyses, our study did not find a difference between these
human-supported and self-help eHealth interventions. As stated before, this
inconsistency could be due to the quality of eHealth interventions, as we had
strict inclusion and exclusion criteria with regard to the way eHealth interven-
tions were designed and executed. Future meta-analyses could investigate what
components make self-help eHealth interventions as effective as human-sup-
ported eHealth interventions, and whether lower-quality eHealth interventions
benefit more from applying human support. Another suggestion for future re-
search would be to further investigate the need for human support for specific
subgroups of patients. For example it is important to specifically examine im-
plementation, intervention adherence and effects of eHealth interventions for
patients of lower socioeconomic status including those with less digital literacy
or resources (van der Vaart et al., 2019). These variables were reported inconsis-
tently among the included studies and require more attention in future studies.
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Moreover, meta-analyses on interventions for psychological outcomes instead
of lifestyle outcomes indicate that human support is particularly important for
cognitive-behavioral interventions focusing on psychological distress and re-
lated outcomes (Boumeister et al., 2014; Etzelmueller et al,, 2020; Karyotaki et
al, 2018; Pearcy et al., 2016; Richards & Richardson, 2012). Therefore, it would be
interesting to investigate whether mental health also influences the need for
support in eHealth lifestyle interventions. Finally, the studies included in our anal-
yses were heterogenous in regard to patient groups and outcomes. Most studies
focused on CVD and T2DM patients, and to a lesser degree on patients with
TIDM and CKD. Despite alcohol use and sleep and relaxation being important
risk factors to be address in cardiometabolic disease management, only very
few studies targeted these health outcomes. It would, therefore, be important
for eHealth researchers to also focus on these less represented patients groups
and behavioral risk factors in future studies.

CONCLUSION

Our meta-analysis demonstrated that eHealth lifestyle interventions are effec-
tive in improving clinical and behavioral health outcomes among people with
cardiometabolic diseases. However, there was no difference between self-help
and human-supported eHealth interventions’ effectiveness. Neither dose nor
delivery mode of support affected human-supported intervention effectiveness.
Several population-, outcome-, and intervention-related factors were ruled out
as possible moderators of these relationships. These findings add substantially
to our understanding of the role of human support in lifestyle eHealth interven-
tions, which is important to make lifestyle interventions accessible for a larger
and more varied audience. Although further research is required to unravel
the possible added contribution of human support for specific eHealth inter-
ventions in subgroups of patients, our results seem promising for the broad
application of self-help eHealth interventions in cardiometabolic diseases.
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CHAPTER 4 | APPENDIX 1

Search string.
Randomized controlled trials about eHealth lifestyle interventions to promote
lifestyle modification in cardiometabolic disease patients.

(("app”[tiab] OR "apps”[tiab] OR "digital”[ti] OR "e health”[tiab] OR "econsult*"[-
tiab] OR “e-consult*”[tiab] OR “ehealth”[tiab] OR “e-health”[tiab] OR “electronic
communication*"[tiab] OR “Electronic Learning”[tiab] OR "iCBT"[tiab] OR “inter-
net”[ti] OR "m health”[tiab] OR "mhealth”[tiab] OR “m-health”[tiab] OR “mobile
app”[tiab] OR "mobile application”[tiab] OR "mobile application”[tiab] OR “mobile
applications”[tiab] OR "mobile apps”[tiab] OR "mobile health”[tiab] OR "mo-
bile”[ti] OR "on line”[ti] OR "online therapy”[tiab] OR "online”[ti] OR "on-line”[ti] OR
"personal digital assistant”[tiab] OR “remote communication”[tiab] OR “remote
computer”[tiab] OR "remote computers”[tiab)] OR “remote consultation”[tiab] OR
“remote health care”[tiab] OR “remote healthcare”[tiab] OR “remote monitor-
ing”[tiab] OR “remote system”[tiab] OR “remote systems”|[tiab] OR "remote tech-
nologies”[tiab] OR "remote technology”[tiab] OR "remote”[tiab] OR "smart tech-
nol*"[tiab] OR "smart technology”[tiab] OR "tele health”[tiab] OR "telecare”[tiab]
OR "tele-care”[tiab] OR "teleconsult*”[tiab] OR “teleconsultation”[tiab] OR "tele-
health”[tiab] OR "tele-health”[tiab] OR "telemed*[tiab] OR "Telemedicine”[maijr]
OR "telemedicine”[tiab] OR "telemonitoring”[tiab] OR “tele-monitoring”[tiab] OR
"telenurs*”[tiab] OR "telenursing”[tiab] OR "telerehabilitation”[tiab] OR "wear-
able technologies”[tiab] OR "wearable technology”[tiab] OR "web access”|tiab]
OR "web application”[tiab] OR "web applications”[tiab] OR "web based”[tiab]
OR "web portal*”[ti] OR "web"[ti] OR "webapp*“[tiab] OR "webbased”[tiab] OR
"web-based”[tiab] OR "webpage”[tiab] OR "webpages”[tiab] OR "website”[ti] OR
"websites”[tiab] OR "mobile application”[tiab] OR “computer application”[tiab]
OR "internet”[tiab] OR "telecommunications”|[tiab] OR “mobile applications”[-
tiab] OR "computer applications”[tiab] OR “internet”[majr] OR "telecommuni-
cations”[maijr]) AND (“Life style”[maijr] OR “life style”[tiab] OR “lifestyle”[tiab] OR
“lite-style”[tiab] OR “life styles”[tiab] OR “lifestyles”[tiab] OR “life-styles”[tiab] OR
“Health behavior’[majr] OR “health behaviour”[tiab] OR “health behavior”[tiab]
OR “Health promotion”[majr] OR “health promotion”[tiab] OR “self-manage-
ment”[tiab] OR “self management”[tiab] OR “Exercise”[maijr] OR “exercise”[tiab]
OR “physical activity”[tiab] OR “Diet”[maijr] OR “Diet Therapy”[maijr] OR “diet"[tiab]
OR “diets"[tiab] OR “dietary”[tiab] OR “fat”[tiab] OR “salt”[tiab] OR “natrium”[tiab]
OR “sodium”[tiab] OR “Dietary Carbohydrates”[majr] OR carbohydrate*[tiab]
OR “calories”[tiab] OR “Dietary Proteins”[maijr] OR “proteins”[tiab] OR “fat in-
take”[tiab] OR “salt intake”[tiab] OR “Eating”[maijr] OR “eating”[tiab] OR “Nutrition
Therapy”[maijr] OR “nutrition”[tiab] OR “Smoking”[majr] OR “smoking”[tiab] OR
“Tobacco use”[majr] OR “tobacco”[tiab] OR “nicotine”[tiab] OR “cigarettes”[tiab]
OR “cigarette”[tiab] OR “Drinking Behavior”[majr] OR “alcohol drinking”[maijr]
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OR “Alcohol Abstinence”[tiab] OR “Alcohol Drinking”[tiab] OR “alcohol”[tiab] OR
“drinking”[maijr] OR “drinking”[tiab] OR “Sleep”[maijr] OR “sleep”[tiab] OR “sed-
entary”[tiab] OR “Medication Adherence’[majr] OR “Medication Adherence”[-
tiab] OR “medication”[tiab] OR “Body Weight”[maijr] OR “weight”[tiab] OR “body
weight”[tiab] OR “Blood glucose”[maijr] OR “blood glucose”[tiab] OR “BMI”[tiab]
OR “Body mass index”[majr] OR “body mass index”[tiab] OR “overweight”[maijr]
OR “overweight”[tiab] OR “obesity”[majr] OR “obesity”[tiab] OR “obese”[tiab] OR
“Blood pressure”[majr] OR “Hypertension”[maijr] OR “blood pressure”[tiab] OR
“blood pressure determination”[majr] OR “Cholesterol”[maijr] OR “cholesterol”[-
tiab] OR “triglycerides”[maijr] OR “triglycerides”[tiab] OR “triglyceride”[tiab] OR
“glycated hemoglobin A’[tiab] OR “hemoglobin Alc”[tiab] OR “HbAlc”[tiab] OR
“glomerular filtration rate”[tiab] OR “GFR”[tiab] OR “glucoregulation”[tiab] OR
“cardiac rehabilitation”[tiab]) AND (“Cardiovascular Diseases”[maijr] OR “car-
diovascular disease”[tiab] OR “cardiovascular diseases”[tiab] OR “CVD"[tiab]
OR “cardiac”[tiab] OR “heart disease”[tiab] OR “coronary heart disease”[tiab]
OR “coronary artery disease”[tiab] OR “myocardial infarction”[tiab] OR “myo-
card infarct”[tiab] OR “myocard infarction”[tiab] OR “myocardial infarct”[tiab]
OR “myocardial ischemia”[tiab] OR “angina pectoris”[tiab] OR “angina”[tiab] OR
“heart infarct”[tiab] OR “heart infarction”[tiab] OR “heart attack”[tiab] OR “heart
failure”[tiab] OR “cardiomyopathy”[tiab] OR “Stroke”[maijr] OR “stroke”[tiab] OR
“cerebrovascular accident’[tiab] OR “transient ischaemic attack”[tiab] OR “tran-
sient ischemic attack”[tiab] OR “TIA"[tiab] OR “cerebrovascular accidents”[tiab]
OR “transientischaemic attacks”[tiab] OR “transient ischemic attacks”[tiab]
OR “TIAs"[tiab] OR “percutaneous angioplasty”[tiab] OR “PTCA"[tiab] OR “PCI”[-
tiab] OR “coronary bypass surgery”[tiab] OR “coronary artery bypass graft”[tiab]
OR “aortic aneurysm”[maijr] OR “aortic aneurysm”[tiab] OR “peripheral artery
disease”[tiab] OR “peripheral arterial disease”[tiab] OR “peripheral vascular dis-
ease”[tiab] OR “Reversible Ischemic Neurological Deficit”[tiab] OR “RIND”[tiab]
OR Cardiometabolic*[tiab] OR “Renal Insufficiency, Chronic”[maijr] OR “renal in-
sufficiency”[tiab] OR “kidney insufficiency”[tiab] OR “kidney disease”[tiab] OR
“renal disease”[tiab] OR “kidney diseases”[tiab] OR “renal diseases”[tiab] OR
“kidney failure”[tiab] OR “renal failure”[tiab] OR “chronic kidney”|[tiab] OR “chronic
renal”[tiab] OR “end stage kidney”[tiab] OR “end-stage kidney”[tiab] OR “end
stage renal”[tiab] OR “end-stage renal”[tiab] OR “advanced kidney”[tiab] OR
“advanced renal’[tiab] OR “ESRD”[tiab] OR “Renal Replacement Therapy”[majr]
OR “Renal Dialysis”[majr] OR “renal dialysis”[tiab] OR “Peritoneal Dialysis”[maijr]
OR “peritoneal dialysis”[tiab] OR “pre-dialysis”[tiab] OR “predialysis”[tiab] OR
“dialysis”[tiab] OR “hemodialysis”[tiab] OR “haemodialysis”[tiab] OR “hemodi-
dfiltration”[tiab] OR “Kidney Transplantation”[majr] OR kidney transplant*[tiab]
OR renal transplant*[tiab] OR “RRT”[tiab] OR “CKD"[tiab] OR “CKF”[tiab] OR “CRD"[-
tiab] OR “CRF”[tiab] OR “ESKD”[tiab] OR “ESRD”[ticb] OR “ESKF”[tiab] OR “ESRF”[-
tiab] OR “Diabetes Mellitus, Type 2"[majr:noexp] OR type 2 diab*[tiab] OR type
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Il diab*[tiab] OR non-insulin-dependent diab*[tiab] OR adult-onset diab*[tiab]
OR “T2DM"[tiab] OR “T2D"[tiab] OR “TIDM"[tiab] OR “TIID"[tiab] OR “DM2"[tiab] OR
“Diabetes Mellitus”[maijr] OR “diabetes mellitus”[tiab] OR “Diabetes Mellitus, Type
1"[majr:noexp] OR type 1 diab*[tiab] OR type | diab*[tiab] OR insulin-dependent
diab*[tiab] OR juvenile diab*[tiab] OR juvenile-onset diab*[tiab] OR juvenile onset
diab*[tiab] OR “IDDM"[tiab] OR “TIDM”[tiab] OR “TIDM”[tiab] OR autoimmune di-
ab*[tiab] OR “DM1”[tiab]) AND ("Randomized Controlled Trial”[Publication Type]
OR "randomized”|[ti] OR "randomised”[ti] OR "RCT"[ti] OR random*[ti] OR "single
blind”[ti] OR "double blind”[ti] OR “triple blind”[ti] OR single blind*ti] OR double
blind*[ti] OR triple blind*[ti] OR "Equivalence Trial”[ti] OR "Pragmatic Clinical Tri-
al”[ti] OR "Randomized Controlled Trials as Topic”[Mesh] OR "Equivalence Trial”[-
Publication Type| OR "Equivalence Trials as Topic”[Mesh] OR “superiority trial”|ti]
OR "non-inferiority trial”[ti]) AND (english[la] OR dutch[la]) AND ("1995/01/01”[PDAT]
:"3000/12/31”[PDAT]))
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CHAPTER 4 | APPENDIX

3

Table 5. Risk of bias assessment of the included studies.

Study

D1 D2 D3

O
H

D5 Overall

Agarwal2019(a)
Agarwal2019(b)
Akinci2019
Appel201
Baer2020
Bailey2020
Bennett2010
Bennett2018
Bond2007
Bozorgi2021
Cai2021
Chao2019
Choi2019
Chow2020
Connely2017
Dorje2019
Dorsch2020
Duan2018
Duscha2018
Engelen2020
Fukuoka2015
Glasgow2012
Gong2020
Grau-Pellicer2020
Gunawardena2019
Hanswel2017
Haste2017
Hilmarsdoéttir2021

H6chsmann2019
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Table 5. Continued

Study

2
=}
N

D3 D4 D5 Overall

Holmen2014
Houchen-Wolloff2018
Humalda2020
Imanaka2014
Jahangiry2015
Javaheri2020
Johnston2016
Keyserling2014
Khaniji2019
Kim2006
Kim2016
Kim2019
Kirwan2013
Kooiman2018
Kouwenhoven-Pasmooij2018
Ku2020
Kulick2013
Kumar2020
Lear2014
Lee2018
Lee2020

Li2019

Li2020
Liebreich2009
Lim2021
Lindberg2017
Lisbn2020
Little2017
Lorig2006
Lorig2010
Lunde2020
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Table 5. Continued

Study

2
=}
N
O
W
o
IS

D5 Overall

Maddison2015
Maddison2019
McDermott2018
McKay2001
McKay2002
MclLeod2020
McMahon2012
Mensorio2019
Murray2018
Nolan2018
Orsama2013
Paldéan2021
Park2021
Peacock2020
Plotnikoff2017
Quinn20T
Riangkam?2021
Richard2019
Siebmanns2021
Skobel2017
Smith2009
Spring2017
Su2021
Tanaka2018
Tang2013
Thomas2015
Tjam2006
Tomita2009
Turnin2021

Van der Weegen2013

Viuggen2021
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Effectiveness of human-supported and self-help eHealth lifestyle interventions

Table 5. Continued

Study

Vogel2017

Watson2015
Wayne2015
Widmer2017
Widyanata2019
Wong2020

Wong2021
Wongrochananan2015

Yu2019

Yudi2021

Zhang2019

Domain 1: Risk of bias arising from the randomization process

Domain 2: Risk of bias due to deviations from the intended interventions
Domain 3: Risk of bias due to missing outcome data

Domain 4: Risk of bias in measurement of the outcome

Domain 5: Risk of bias in selection of the reported result

- Low risk

! Some concerns

- High risk
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