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ABSTRACT
Background: Healthcare systems face increasing demands in chronic disease management such as obesity. Mobile applications 
offer scalable tools for weight management, ranging from simple trackers to prescribable digital therapeutics.
Objective: This review evaluates the effectiveness of fully remote, app-based interventions using a multimodal approach for 
weight loss in adults with obesity. Complying with international guidelines, these interventions combine behavior change strat-
egies for diet, physical activity, and/or psychosocial education.
Methods: A systematic literature search was performed. Eligible studies were assessed using the Cochrane Risk of Bias Tool 2 
and the Grading of Recommendations, Assessment, Development and Evaluation approach for certainty of evidence. A meta-
analysis was performed for body weight outcomes.
Results: Twelve randomized controlled trials and five systematic reviews were included, reporting changes in body weight or 
body mass index. The standardized mean difference of body weight changes at the end of intervention was −0.50 (95% confidence 
interval: −0.77, −0.22), corresponding to a mean difference of −2.61 kg (−4.45, −0.78). Heterogeneity was substantial (I2 = 79.2%; 
p < 0.0001).
Conclusion: Fully remote, app-based interventions show moderate weight loss with promising potential in obesity manage-
ment. However, heterogeneity between studies highlights the need for further research into potential factors with a significant 
influence on the results.

1   |   Introduction

Healthcare systems are experiencing significant pressure due to 
increasing costs and demands of care in chronic disease man-
agement. Obesity is one of the major public health challenges 

of the 21st century. According to current data from 2022, an es-
timated 890 million adults and over 160 million children and 
adolescents worldwide are obese [1]. Treatment of obesity, and 
the prevention of its comorbidities, such as type 2 diabetes or 
cardiovascular disease requires long-term management and 
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resources that further strain systems that are often designed for 
acute care [2, 3].

The treatment goal is clinically meaningful and sustainable 
weight loss, thereby reducing comorbidity risks [3, 4]. Treatment 
should also aim for enhanced quality of life, mental well-being, 
and improved physical and social functioning [3]. As first-line 
treatment, international clinical guidelines on obesity treatment 
recommend multimodal lifestyle-based therapy including di-
etary counseling, promotion of physical activity, and training in 
psychosocial wellbeing such as the handling of stress or (self-) 
stigma. A holistic approach should incorporate multiple behav-
ior change techniques, delivered by features such as educational 
content, self-monitoring, goal-setting, feedback, and social sup-
port [3–6].

Increasingly, these multimodal therapies are being delivered 
through various digital tools like smartphone or web applica-
tions, short message service (SMS) messages, wearables, and 
personal digital assistants [6–10]. Previous research has shown 
a moderate effect on weight loss that is comparable or even more 
effective than conventional in-person programs [8], with smart-
phones being the most effective subgroup [7].

Particularly mobile applications (apps) have emerged as 
promising tools in weight management that can help to over-
come disparities in healthcare access in terms of location and 
time. Apps include a variety of technologies such as simple 
diet or fitness trackers to prescribable digital therapeutics 
(DTx). They allow flexible and interactive behavioral inter-
vention, which can enhance adherence and patient engage-
ment [10].

DTx is paving its way into national public healthcare systems. 
In Germany, reimbursable DTx, so-called digital health appli-
cations (DiGAs), are available and more countries are about to 
establish similar programs [11, 12]. DiGAs are medical devices 
that are highly government-regulated, based on scientific re-
search and proven to be safe and effective via clinical studies. 
The inclusion of DiGAs in the German national guideline for 
obesity treatment further highlights their significance [13].

While previous systematic reviews have focused on various 
digital media (SMS, wearables, browser-based, etc.), including 
interventions with parallel on-site counseling or often evalu-
ated unimodal interventions (e.g., focusing solely on nutrition 
or physical activity), this review particularly aims to evalu-
ate the effectiveness of fully remote, app-based interventions 
for weight loss in adults with obesity. All included interven-
tions were delivered via smartphone applications with any 
additional support, such as counseling or feedback, provided 
exclusively through digital and remote channels. In addition, 
the focus of this study was on interventions that followed a 
multimodal design, defined as the combination of at least two 
behavioral change modules (nutrition, physical activity, and/
or psychosocial education) and thereby complying with inter-
national guidelines [3, 4]. We conducted a systematic review 
and meta-analysis of randomized controlled trials (RCTs) to 
assess their impact on body weight and discuss the poten-
tial benefit and limitations of such DTx in public health care 
systems.

2   |   Materials and Methods

2.1   |   Search Strategy and Eligibility Criteria

A systematic literature search was conducted in the databases 
PubMed, Cochrane Library, Nature, PubPsych, and IEEE Xplore 
in February 2025, with the aim to search for evidence related to 
mobile health lifestyle interventions for weight loss in a patient 
population with obesity. Studies that also included participants 
with overweight were only eligible if the reported mean body 
mass index (BMI) of the study population was ≥ 30 kg/m2. The 
search strategy followed the Population, Intervention, Control, 
Outcome, Study Design (PICOS) framework and included a 
combination of search terms, Medical Subject Headings and 
Boolean operators. The search terms were tailored to each da-
tabase to account for database-specific indexing structures and 
search capabilities. The detailed search strategy is presented in 
Tables S1–S5. Studies were eligible if they met the inclusion cri-
teria (Table  1) and were published in English or German lan-
guage between 2014 and 2025.

2.2   |   Study Selection and Data Extraction

Search results were imported into zotero (Version 6.0.37), and 
duplicates were identified and removed by the citation manage-
ment software. The title and abstract screening as well as the full 
text screening were completed independently by two reviewers 
using CADIMA, a web-based tool to support systematic reviews 
in environmental and health sciences (Version 2.2.4.2) [14]. Full 
texts were retrieved for all eligible records. Discrepancies were 
resolved through discussion and consensus, involving a third 
reviewer, if necessary. The reference lists of relevant identified 
systematic reviews were manually screened for potential cross 
references that met the inclusion criteria.

Data were extracted independently by two reviewers using a 
standardized data extraction sheet developed for this review. 
Extracted variables included study characteristics (author, year, 
title, country, study design, and sample size), participant char-
acteristics (age, sex, and baseline BMI), intervention details 
(duration, follow-up, modality, and intervention components), 
comparator details (type of control group), outcomes (primary: 
change in body weight, reported in kg, %, or BMI units; second-
ary: quality of life and cardiovascular parameters), time points 
of outcome measurement, and safety reports (e.g., adverse 
events). For weight-related outcomes, both postintervention re-
sults (excluding follow-up) and outcomes assessed at 6 months 
were extracted where available.

2.3   |   Outcomes

The primary outcome was the change in a body weight measure 
from baseline to postintervention, reported as absolute (kg) or 
percentage (%) changes in body weight or BMI (kg/m2). Where 
available, weight loss data reported at the 6-month follow-up 
was also extracted. To be included in the meta-analysis, RCTs 
had to report mean values at baseline and follow-up with cor-
responding standard deviations (SDs) or 95% confidence inter-
vals (CIs) or the mean change with SDs or CIs. Studies reporting 
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insufficient data were excluded from the meta-analysis but 
considered for qualitative synthesis if other eligibility criteria 
were met.

A meta-analysis was performed for the primary outcome of in-
terest, weight change at the end of the intervention using the 
standardized mean difference (SMD). In addition, to provide in-
sights about the absolute weight change, a meta-analysis using 
the mean difference (MD) was performed including only studies 
reporting absolute weight changes (kg). One study just reported 
% weight change, but the original data in kg were available from 
the authors [15]. For the 6-month timepoint, meta-analyses for 
SMD and MD were also conducted.

Secondary outcomes of interest included quality of life (e.g., val-
idated questionnaires) and cardiovascular measures (e.g., blood 
pressure) and were extracted if available. Secondary outcomes 
were reported narratively.

2.4   |   Statistical Analysis

All statistical analyses were performed using R (Version 4.4.2) 
within the RStudio environment. Prior to conducting the meta-
analysis, if studies did not report SDs, these were calculated 
from reported CIs or, where available, baseline and follow-up 
SDs, using established methods.

Random-effects models were applied, accounting for between-
study heterogeneity in estimated effects, using the “meta::meta-
cont” function of the R “meta” package (Version 8.0-2). The 
SMD between intervention and control groups was calculated 
using Hedges' g, which corrects for small sample bias, as well 
as the MD. We calculated the SMD and MD between inter-
vention and control groups for two different time points. First, 
weight change at the end of intervention was analyzed, and 
second, 6 months data was analyzed if available. To extract the 

highest quality data, analyses were based on intention-to-treat 
(ITT) data when available. Otherwise, per-protocol (PP) data 
were used. For each analysis, the I2 statistic is reported, which 
quantifies the observed heterogeneity and is interpreted using 
conventional thresholds (i.e., 25%: low; 50%: moderate; 75%: 
substantial).

Sensitivity and outlier analyses were conducted for the primary 
endpoint—SMD at the end of the intervention. Sensitivity anal-
ysis involved excluding studies with a high risk of bias, as de-
termined by the Cochrane RoB 2 Tool [16], and calculating the 
meta-analysis only with 6 months data, excluding all studies 
that did not report weight loss results for this timepoint.

2.5   |   Risk of Bias and Quality Assessment

This systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 statement [17]. The corre-
sponding PRISMA checklist is available in Table  S6. The re-
view protocol was registered in the PROSPERO database (ID: 
CRD420250653535).

The risk of bias of the included RCTs was independently as-
sessed by two reviewers using the Cochrane RoB 2 tool [16]. 
Disagreements were resolved through discussion, consulting a 
third reviewer if no consensus could be reached.

Potential publication bias was assessed by visual inspection of 
funnel plots and, where appropriate, using Egger's regression 
test to detect funnel plot asymmetry. In line with methodologi-
cal recommendations [18], these analyses were only conducted 
when at least 10 studies were available for a given outcome to 
ensure adequate power and reduce the likelihood of spurious 
results due to small-sample effects. Funnel plots were generated 
using the “meta::funnel” function from the R “meta” package. 

TABLE 1    |    Eligibility criteria for RCTs according to PICOS.

Inclusion Exclusion

Population Adult patients with obesity or studies where 
the sample mean BMI was ≥ 30 kg/m2 (even if 

participants with overweight were eligible)

Age < 18 years, pregnancy, sample mean 
BMI < 30 kg/m2, population limited to special 
social or ethnic subgroups (e.g., low income)

Intervention Digital multimodal lifestyle intervention being delivered 
via mobile apps and including at least two treatment 

modules (nutrition, physical activity, and/or psychosocial 
education). If personal support was included, it must be 

delivered remotely (e.g., text message or phone call)

Mobile app not part of the intervention, unimodal 
interventions focused on only one treatment 
module, personal support delivered on site, 

weight loss medication, bariatric surgery

Control Standard of care, wait-list control, little 
to no intervention (e.g., leaflet)

Control group that included app 
component or that received comparator 
intervention (e.g., on site intervention)

Outcome Body weight (in kg, %, or BMI change). 
Secondary outcomes of interest: quality of life, 

cardiovascular endpoints (if available)

Body weight or BMI not reported

Study design RCTs, systematic reviews, meta-analyses Other study designs not meeting 
the inclusion criteria

Abbreviations: BMI, body mass index; PICOS, Population, Intervention, Control, Outcome, Study design; RCT, randomized controlled trial.

https://www.crd.york.ac.uk/PROSPERO/view/CRD420250653535
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Egger's regression test was calculated using the “eggers.test” 
function from the “dmetar” package (Version 0.1.0) [19].

To assess the overall certainty of evidence, the Grading of 
Recommendations Assessment, Development and Evaluation 
(GRADE) approach was applied using the GDT software [20]. 
These assessments focused on the primary outcome, weight 
change between groups at the end of intervention.

2.6   |   Exploratory Post Hoc Analysis

To identify potential characteristics that differentiated between 
effect sizes we conducted a subsequent descriptive analysis. 
Studies were categorized into high or low performers based on 
the SMD forest plot and we reviewed the individual components 
of the interventions. For each intervention, we then summed 
the number of distinct behavior change components (e.g., goal-
setting, self-monitoring, and personalized feedback), allowing 
for a basic quantitative comparison across performance groups. 
To examine whether this contributed to outcome differences, 
the number of components was descriptively compared with the 
observed weight loss effects. This analysis was not part of the 
initial analysis plan and was conducted post hoc following a re-
view of the primary results.

3   |   Results

3.1   |   Study Selection

The systematic literature search identified a total of 566 records, 
of which 102 duplicates were removed. The remaining 464 re-
cords were screened at title and abstract level, followed by full 
text screening. One additional record was identified via manual 
reference screening of eligible systematic reviews.

A total of 17 studies met the inclusion criteria, comprising 12 
RCTs and five systematic reviews. Of the RCTs, 10 studies 
were included in the meta-analysis. One study reported insuffi-
cient data [21], another study reported PP analysis for 3-month 
data [22] of a larger trial [23]. These studies were therefore only 
included in the narrative synthesis. The detailed study selection 
process is illustrated in Figure 1.

3.2   |   Study Characteristics

The included studies were published between 2014 and 2025 
and conducted across various geographical regions worldwide. 
All studies evaluated app-based multimodal interventions tar-
geting weight loss in an adult patient population with a mean 
BMI ≥ 30 kg/m2.

Sample sizes ranged from 50 to 650, with intervention durations 
between 3 and 24 months. Interventions typically included be-
havior change techniques such as nutrition counseling, physi-
cal activity support, and other lifestyle modification strategies 
delivered via mobile health apps. Some studies included remote 
personal interaction of varying intensity as part of the interven-
tion (e.g., SMS messages or structured coaching calls).

Across the included studies, the role of the app varied in terms 
of intensity, autonomy, and integration within the multimodal 
intervention. In several studies, the app served as the central el-
ement in delivering the full multimodal intervention as a stand-
alone treatment arm. The apps contained various intervention 
components. The majority of those apps included varying forms 
of self-monitoring (e.g., tracking of diet and/or physical activity), 
educational components, and a goal-setting function, for exam-
ple, [22–24]. Personalized feedback and/or prompts based on 
user input were also present in most interventions, for example, 
[15, 25].

In some trials, the app was integrated into a broader blended 
or remotely supported care model, where the app delivered core 
content and self-monitoring features, while remote human sup-
port was offered asynchronously or sporadically [26, 27], via 
remotely delivered structured personal contact [28, 29] or by in-
cluding peer or social support [21, 30, 31]. A detailed overview 
of the implementation of different features is broken down in 
Table S7.

All studies reported results immediately after intervention; a sub-
set also provided data at the 6-month timepoint and some also 
included postintervention follow-up. Further details on study 
characteristics of the included RCTs are presented in Table 2.

3.3   |   Risk of Bias and Quality Assessment

The risk of bias was evaluated using the Cochrane RoB 2 tool 
[16]. Among the 10 RCTs included in the primary meta-analysis, 
one was rated as low risk, six as some concerns, and three as 
high risk of bias. Detailed judgments per domain are visualized 
in Figure 2.

Heterogeneity was assessed using I2 statistics, which indicated 
substantial heterogeneity across the included studies for the pri-
mary analysis, SMD between studies at the end of intervention 
timepoint (I2 = 79.2%) and for the between-study MD at the end 
of intervention (I2 = 85.6%).

Potential publication bias was assessed by visual inspection of 
funnel plots and, where appropriate, using Egger's regression 
test to detect funnel plot asymmetry. These analyses were con-
ducted for the primary outcome of weight change, specifically 
for the SMD and MD at the end of intervention timepoint as 
these analyses included at least 10 studies.

Visual inspection of the funnel plot for the SMD showed no in-
dication for publication bias. The plot for the MD revealed some 
potential for asymmetry, with fewer studies in the bottom left 
region. However, in both plots, the scatter of data points was 
generally in line with the funnel boundaries and there was no 
pronounced asymmetry (Figures S1 and S2). It is also import-
ant to note that the small number of included studies can make 
the visual interpretation of funnel plots challenging, as observed 
variation can also occur by chance [18].

To quantify the funnel plot asymmetry with Egger's regression 
test, the intercept and its associated p value were recorded. p 
values > 0.05 for both SMD and MD, respectively, indicated no 
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statistically significant asymmetry and, therefore, no potential 
publication bias (Table S8).

The investigations described above all contributed to evaluate 
the overall certainty of evidence according to the GRADE ap-
proach, with the summary of findings summarized in Table 3. 
The quality of evidence for the primary outcome, weight change 
between groups at the end of intervention, was rated as mod-
erate, downgraded due to inconsistency. Some of the included 
RCTs had a high risk of bias, mainly due to potential selective 
reporting. However, sensitivity analysis excluding these stud-
ies did not significantly alter the main findings, suggesting that 
the overall result is robust (Table S9). Therefore, no downgrade 
for risk of bias was applied. Certainty of evidence for secondary 
outcomes was not assessed due to lack of data availability and 
consistency.

3.4   |   Weight Loss Results

3.4.1   |   Results From Systematic Reviews

This review identified five systematic reviews consistently re-
porting an association between smartphone-based interven-
tions and weight loss. A meta-analysis by Cavero-Redondo 
et  al. (2020) reported a moderate effect of mobile health in-
terventions incorporating self-monitoring on weight loss 
(n = 20; SMD = −0.37; MD = −1.78), with smartphone-based 
approaches demonstrating superior effectiveness [7]. Patel 
et al. (2021) systematically reviewed 39 studies on digital self-
monitoring in behavioral weight loss interventions among 
adults with overweight or obesity and found a consistent asso-
ciation with weight loss, with websites and mobile apps being 
the most common modalities [8]. Wang et al. (2020) reviewed 

FIGURE 1    |    Flowchart of the study selection process adapted from PRISMA (2020) statement (Page et al.). Systematic reviews were manually 
screened and eligible studies were included as cross references. PICO, Population, Intervention, Control, Outcome; PRISMA, Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses; RCT, randomized controlled trial.
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12 studies and concluded that apps and wearables are effective 
tools for self-regulation in weight management, particularly 
in primary care strategies [6]. Rumbo-Rodriguez et al. (2020) 
evaluated 47 technology-based interventions and found that 
nearly half (47%) achieved significant weight loss, especially 
those incorporating self-monitoring features [10]. Cheatham 
et al. (2018) analyzed wearable activity tracking devices used 
within comprehensive weight loss programs (n = 25) and 
found that such devices may be more effective than standard 
weight loss programs in the short-term (≤ 6 months), particu-
larly in middle-aged and older adults [9].

3.4.2   |   Meta-Analysis

All included RCTs reported weight loss at the end of interven-
tion. However, the intervention duration varied among the stud-
ies, ranging from 3 to 12 months. While most studies (n = 10) 
reported weight loss in kg, one study reported it as a percentage 
[15] and another as BMI reduction [31]. For the meta-analysis,
one study was excluded due to insufficient data [21] and another 
study was excluded because it reported per-protocol analysis
for 3-month data (end of intervention) [22], while a subsequent
publication of the larger trial reported ITT analysis for the same
time point [23]. The meta-analysis of the 6-month timepoint is
reported in Figures S3 and S4.

Consequently, the meta-analysis for the primary outcome of 
weight change at the end of intervention included 10 studies 
(Figure  3). The pooled between-group SMD in body weight 
change showed a statistically significant and moderate effect 
size favoring the intervention group (SMD = −0.50; 95% CI: 
−0.77 to −0.22; p < 0.01). Substantial heterogeneity was ob-
served across the studies (I2 = 79.2%; p < 0.01). The prediction 

interval was estimated to be (−1.29, 0.30). No outliers were 
detected.

A sensitivity analysis of the primary meta-analysis was con-
ducted by removing studies with a high risk of bias (per 
Cochrane RoB 2, specifically those studies reporting PP rather 
than ITT results) with seven studies remaining. In addition, it 
was investigated if a fixed observation period of 6 months after 
beginning of the intervention would yield a more homogeneous 
result by conducting a meta-analysis on the SMD with 6 months 
data only (four studies remaining). While the sensitivity anal-
ysis excluding high risk of bias studies remained statistically 
significant (SMD −0.42, 95% CI −0.78, −0.22; p = 0.0287), the 
6-month analysis showed a strong descriptive trend favoring
the intervention group but did not reach statistical significance
(SMD −0.58; 95% CI −1.23, 0.08; p = 0.0684). This is likely due
to the limited number of remaining trials. Compared to the
main analysis with an SMD of −0.50 (−0.77; −0.22), the sensi-
tivity analysis excluding the high risk of bias studies produced a
slightly smaller effect size of SMD = −0.42 (−0.78, 0.22) and the
6-month analysis a slightly better result with an SMD = −0.58
(−1.23, 0.08). Overall, the direction of the main effect remained
consistent across the sensitivity analyses. However, heteroge-
neity remained significant and wider CIs appeared due to the
lower number of studies (Table S9).

In order to provide insights into the absolute weight change 
of fully app-based, multimodal interventions, a MD analysis 
was conducted with eight studies reporting absolute changes 
in body weight (kg) and unpublished results for weight loss 
in kg were available for one study [15]. Therefore, a separate 
meta-analysis was conducted on these nine studies, calculat-
ing the pooled between-group mean difference at the end of 
intervention timepoint (Figure  4). The results significantly 

FIGURE 2    |    Traffic light plot summarizing the risk of bias rating. D1, randomization process; D2, deviations from the intended interventions; 
D3, missing outcome data; D4, measurement of the outcome; D5, selection of the reported result. D, domain; ITT, intention-to-treat; PP, per-protocol.
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favored the intervention group (MD = −2.61 kg; 95% CI: −4.45 to 
−0.78; p < 0.01). Again, significant heterogeneity was observed 
(I2 = 85.6%; p < 0.0001). The prediction interval was estimated to 
be (−7.73, 2.51).

3.4.3   |   Post Hoc Descriptive Findings: Performance 
Differences and Intervention Characteristics

A visual inspection of the forest plot of the SMD (Figure 3) sug-
gested a potential grouping of studies into those demonstrating 
more substantial weight loss (“high performers”) and those with 
less pronounced weight loss (“low performers”). This visual 
shift led to the presumption that this might be related to the in-
terventions' characteristics, prompting a deeper investigation to 
identify potential explanatory factors for this noticeable differ-
ence between the observed outcomes. Specifically, the assump-
tion was that better performance could be attributed to a higher 
number of components (i.e., features used to deliver behavior 
change techniques) delivered by the interventions. Supporting 
information can be found in Table S7.

A small trend may suggest that high-performing interventions 
[15, 25, 26, 28, 31] include a greater number of behavior change 
components (mean = 5.0, median = 5.0, range = [4; 6]), compared 
to low-performing interventions (mean = 4.4, median = 4.0 
range = [3; 7]).

3.4.4   |   Secondary Outcomes

Secondary outcomes included quality of life and cardiovascular 
parameters. Due to heterogeneous assessment tools and lim-
ited reporting, a narrative synthesis was conducted. Quality of 
life was assessed in five studies, using various questionnaires. 
While some reported improvements within or between groups 
[15, 29], others found no significant effects [25–27]. Seven stud-
ies reported cardiovascular data. Three provided only baseline 
characteristics [22, 23, 25], offering insights into the clinical 
risk profile of patients with obesity [4]. Hypertension was the 
most frequently reported comorbidity, with systolic blood pres-
sure values at baseline ranging between 118 and 124 mmHg. 
Four studies reported cardiovascular outcomes at the end of 
the intervention period. Hurkmans et  al. (2018) found signifi-
cant between-group improvements in multiple cardiovascular 
risk factors [31] and Ruiz-Leon et al. (2025) observed significant 
reductions in blood pressure after 3 months [29]. Other studies 
found no significant between-group differences after 6 [24, 26] 
or 12 months [26]. Safety outcomes were only reported in two 
studies, whereby no adverse events related to the intervention 
were identified [21, 30].

4   |   Discussion

4.1   |   Key Findings

This systematic review and meta-analysis investigated the ef-
fects of fully remote app-based multimodal lifestyle interven-
tions on weight loss in adults with obesity. The pooled analysis 
revealed a statistically significant moderate standardized effect T
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(SMD) favoring the intervention group. Sensitivity analyses re-
vealed the robustness of the direction of the effect and its sig-
nificance. However, substantial heterogeneity across studies 
and wide prediction intervals have been observed, suggesting 
a strong influence of the intervention, clinical setting or other 
unexplained differences on the results and likely future study 
outcomes. Notably, study results either showed a strong effect 
size (−0.93 ≤ SMD ≤ −0.79) or a small to very small effect size 
(−0.26 ≤ SMD ≤ −0.03). In this work, some of these potentially 
influential factors have been investigated. However, further re-
search on these factors or their combined effects is needed in 
order to design optimal behavioral weight loss interventions that 
can be integrated as digital programs into public health care 
systems.

The overall mean weight reduction was 2.61 kg, which is con-
sistent with findings from previous reviews of digital health 
interventions for weight management, which have also re-
ported modest but significant weight loss outcomes [7, 32]. 
Recent meta-analyses further support these findings, report-
ing smaller but significant body weight reductions. Lee and 
Park (2026) isolated the effect of fully automated or one-to-
many digital lifestyle interventions targeting diet or physical 

activity (SMD 0.26, n = 19 RCTs) [33], while Puija et al. (2025) 
focused on smartphone-only interventions for uncomplicated 
overweight and obesity, demonstrating a modest weight reduc-
tion at 4–6 months (SMD −0.33, n = 8 RCTs) [34]. In contrast, 
our analysis focused specifically on weight loss in a popula-
tion with obesity after multimodal, app-based interventions 
that allowed remote human interaction. These factors might 
have contributed to the descriptively more pronounced effect 
(SMD −0.50).

While previous digital health syntheses are frequently con-
strained by the inclusion of hybrid formats involving parallel 
face-to-face coaching, our and recent data collectively confirm 
that fully remote app-based interventions can drive meaning-
ful behavioral modification. However, the calculated prediction 
intervals in our analysis, which align with the wide real-world 
dispersion indices reported by Lee and Park (2026), imply that 
the expected clinical success in future implementations remains 
context-dependent and varies across diverse settings. Even 
with modest weight reductions, long-term cost savings could 
be achieved through reduced medication use and hospital ad-
missions, especially among individuals with higher BMI or co-
morbidities [35]. While the mean weight reduction was modest, 

FIGURE 3    |    Forest plot of the meta-analysis SMD at the end of intervention. CG, control group; CI, confidence interval; IG, intervention group; 
ITT, intention-to-treat; PP, per-protocol; SMD, standardized mean difference.

FIGURE 4    |    Forest plot of the meta-analysis MD (kg) at the end of intervention. CG, control group; CI, confidence interval; IG, intervention group; 
ITT, intention-to-treat; PP, per-protocol; MD, mean difference. Data for Roth et al. [15] were available as unpublished absolute weight change in kg.
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effective digital programs may offer a scalable and cost-efficient 
strategy.

In addition to differences in the effectiveness of the various 
interventions across all studies, between-subject variability 
with respect to response to intervention is well established 
[36, 37]. Some of the studies reported a substantial propor-
tion of participants accomplishing at least the 5% weight loss 
recommendation [15, 23, 26, 31] and high responders achiev-
ing 10% weight loss or more [15], underscoring the clinical 
relevance of fully remote app-based interventions. However, 
more data are needed to optimize the integration of digital 
therapeutics into clinical real-world settings and thereby im-
prove the cost-efficiency ratio in obesity treatment. In that 
regard, companion apps for combined behavioral and phar-
macological treatment are gaining interest with the increas-
ing popularity of obesity drugs, in particular GLP-1 RA-based 
medication [38].

Two of the interventions included in this analysis are certified 
as regulated digital health applications in Germany and inte-
grated into the healthcare structure [15, 25]. These stand-alone, 
app-based programs must demonstrate clinical effectiveness, 
guideline adherence, medical quality, and usability to receive 
approval. Despite being fully remote without personal interac-
tion, both interventions achieved significant weight loss out-
comes of −7.8% after 12 months [15] and −3.2% after 3 months, 
with sustained effects after 6 months [25]. This suggests that 
although previous research has shown that human support en-
hances weight loss outcomes in digital interventions [39], well-
designed and scientifically sound digital features may mimic 
some of these benefits and can lead to clinically meaningful 
outcomes.

Weight loss of at least 5% is a frequently recommended treatment 
goal for improving obesity-related complications [4, 40]. Beyond 
weight loss, a successfully implemented lifestyle intervention 
can improve cardio-metabolic health outcomes and reduce the 
risk of developing and progressing obesity-related comorbidities 
[41–43]. A limited number of studies assessed quality of life and 
cardiovascular parameters. While some studies indicated im-
provements, especially in blood pressure or specific quality of 
life domains, overall evidence remains limited. The heterogene-
ity in measurement and reporting as well as the small number 
of studies reporting them precludes drawing general conclusions 
about the effects of app-based interventions on these secondary 
outcomes.

4.2   |   Possible Explanations for Heterogeneity 
of Study Results

The substantial heterogeneity observed across studies likely 
stems from differences in intervention intensity, duration, and 
methodological quality. However, sensitivity analyses, including 
the exclusion of studies with high risk of bias due to selective 
reporting, did not reduce heterogeneity. Similarly, while inter-
vention durations ranged from 3 to 24 months and may have 
influenced outcomes, heterogeneity persisted even when lim-
iting the analysis to the four studies reporting 6-month weight 
loss data.

Visual inspection of the SMD forest plot (Figure  3) suggests 
two clusters: studies with substantial weight loss effects and 
those with (very) small effect sizes. We explored the number of 
app features as a potential explanatory factor for this pattern. 
All interventions targeted diet and physical activity but varied 
widely in app features and implementation of behavior change 
techniques. Some provided only self-monitoring and basic ed-
ucation, while others included more comprehensive elements 
such as goal-setting, personalized feedback, or psychosocial ed-
ucation. Aligning with Bardus et al. (2016), higher-performing 
studies tended to include more features (mean: 5) compared to 
low performers (mean: 4.4) [44]. However, this trend was not 
consistent and limited by the post hoc nature of the analysis. 
Therefore, this inspection should be interpreted with caution 
and primarily serves as hypothesis-generating observation for 
future research.

Overall, none of the exploratory analyses fully explained the 
heterogeneity or performance differences, suggesting that fur-
ther research is required. Potentially combined factors are rele-
vant for overall outcome. Alternatively, other factors contributed 
to the difference in performance. Not just the number, but also 
the quality, integration and user engagement of behavior change 
components may determine intervention success. Future stud-
ies should systematically assess these qualitative aspects and 
provide standardized reporting on intervention content and 
delivery.

4.3   |   Strengths and Limitations

This systematic review and meta-analysis has several strengths. 
It is the first meta-analysis focusing on mobile application–based 
multimodal behavioral interventions. We followed a rigorous 
methodology, including a comprehensive search strategy across 
five databases, independent reviews, and data extraction by two 
reviewers, minimizing the risk of bias in the review process. The 
assessment of risk of bias and quality of evidence was conducted 
using well-established tools (Cochrane RoB 2 and GRADE 
methodology). Furthermore, the review protocol was prospec-
tively registered in the PROSPERO database, which enhanced 
transparency and reduced the potential for reporting bias. The 
inclusion of both RCTs and systematic reviews representing 
the highest standards of evidence strengthens the validity of 
our findings. Additionally, our post hoc analysis represents an 
initial attempt to explore the potential impact of specific inter-
vention characteristics, such as the number of behavior change 
components, on intervention effectiveness. This exploratory 
analysis provides a foundation for future research to build upon.

The review also has some limitations, some of which are in-
herent in the available literature. First, a proportion of the in-
cluded RCTs were rated as having a high risk of bias, mainly 
due to potential issues with selective reporting. However, sen-
sitivity analyses demonstrated that excluding these studies did 
not substantially alter the results. Second, our meta-analysis 
exhibits substantial heterogeneity across the included studies. 
This heterogeneity could be attributed to variations in partic-
ipant or intervention characteristics, such as varying feature 
sets or different intervention durations, which ranged from 
three to 12 months in the primary meta-analysis at the end of 
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intervention timepoint. While this heterogeneity is a common 
challenge in meta-analyses of digital health interventions, 
reflecting the evolving nature of the field, we addressed it by 
using random-effects models, which account for such variabil-
ity. Another limitation is the inconsistent separation of over-
weight and obesity in many clinical trials. While we included 
only those studies with a mean BMI ≥ 30 kg/m2 across the study 
sample, the inclusion of individuals with a BMI between 25 and 
30 kg/m2 might have influenced the observed results due to dif-
fering weight loss dynamics. Furthermore, we excluded studies 
that focused exclusively on specific socio-economic or ethnic 
subgroups to prioritize interventions designed for the general 
population. While this limits insights for these specific patient 
groups, it enhances generalizability to a broader population. It is 
important to note that these individuals were not categorically 
excluded; rather, we excluded narrowly tailored trials that did 
not reflect a general patient base. Lastly, our review has a limited 
ability to draw conclusions about secondary outcomes such as 
quality of life and cardiovascular parameters. This was due to 
the small number of studies reporting on these outcomes and 
the heterogeneity in how they were measured and reported. One 
reason for this is that the secondary outcomes were not an in-
clusion criteria per se but were only extracted from the studies 
included for weight loss outcomes, if available.

4.4   |   Future Implications

Further research is needed to optimize the design and imple-
mentation of app-based weight loss interventions for obesity. 
Given that sustained weight loss is a primary goal of obesity 
treatment, longitudinal studies investigating the long-term ef-
fect of such interventions are needed. To improve weight loss 
outcomes, future research should focus on determining the 
most effective combination of intervention components and 
patient characteristics that may predict individual responses to 
different approaches. Cost-effectiveness analyses would also be 
of benefit to inform decisions about resource allocation and the 
integration of app-based interventions into healthcare systems, 
including the German DiGA framework. For a comprehensive 
understanding of digital intervention mechanisms and the op-
timization of their efficacy, a refined categorization of digital 
behavior change techniques is essential, alongside a rigorous 
assessment of their implementation fidelity.

5   |   Conclusions

In conclusion, this systematic review and meta-analysis suggests 
that app-based multimodal lifestyle interventions can lead to 
significant weight loss in adults with obesity, although substan-
tial heterogeneity between different apps was observed. These 
findings support the potential of interventions delivered via 
mobile phones as a scalable and accessible tool for weight man-
agement, offering a convenient way to deliver evidence-based 
interventions and support behavior change. Furthermore, this 
review provides initial indications regarding potential drivers of 
intervention effectiveness. Our analysis suggests that incorpo-
rating more behavior change components in app-based weight 
loss interventions may improve their effectiveness, although 
we cannot yet identify specific components responsible for this 

effect. Given the significant global health burden of obesity and 
the increasing recognition of digital health interventions as a 
key strategy for weight management, future investigations are 
essential to explore the potential of these intervention compo-
nents and their combination to maximize the impact of digital 
health interventions for obesity.

Acknowledgments

Funding for this study was provided by Sidekick Health Germany 
GmbH. The funder had no role in the study design, data extraction, 
analysis, interpretation, and manuscript preparation. Open Access 
funding enabled and organized by Projekt DEAL.

Conflicts of Interest

Emma Bodner, Annika Gentz, and Kathleen Wiencke are employees of 
the Sidekick Health Germany GmbH. Dr. Nora Mehl is a former em-
ployee of the Sidekick Health Germany GmbH and founder of the aid-
here GmbH.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated 
or analysed during the current study.

References

1. World Health Organization, “Obesity and Overweight,” World Health 
Organization, May 7, 2025, Accessed May 06, 2026, https://​www.​who.​
int/​news-​room/​fact-​sheets/​detail/​obesi​ty-​and-​overw​eight​.

2. W. H. Dietz, L. A. Baur, K. Hall, et al., “Management of Obesity: Im-
provement of Health-Care Training and Systems for Prevention and 
Care,” Lancet 385, no. 9986 (2015): 2521–2533, https://​doi.​org/​10.​1016/​
S0140​-​6736(14)​61748​-​7.

3. L. Busetto, D. Dicker, G. Frühbeck, et al., “A New Framework for the 
Diagnosis, Staging and Management of Obesity in Adults,” Nature Med-
icine 30, no. 9 (2024): 2395–2399, https://​doi.​org/​10.​1038/​s4159​1-​024-​
03095​-​3.

4. V. Yumuk, C. Tsigos, M. Fried, et al., “European Guidelines for Obe-
sity Management in Adults,” Obesity Facts 8, no. 6 (2015): 402–424, 
https://​doi.​org/​10.​1159/​00044​2721.

5. American Diabetes Association, “Obesity and Weight Management 
for the Prevention and Treatment of Type 2 Diabetes: Standards of Care 
in Diabetes-2025,” Diabetes Care 48, no. Suppl 1 (2025): 167–173, https://​
doi.​org/​10.​2337/​dc25-​S008.

6. E. Wang, K. Abrahamson, P. J. Liu, and A. Ahmed, “Can Mobile 
Technology Improve Weight Loss in Overweight Adults? A Systematic 
Review,” Western Journal of Nursing Research 42, no. 9 (2020): 747–759, 
https://​doi.​org/​10.​1177/​01939​45919​888224.

7. I. Cavero-Redondo, V. Martinez-Vizcaino, R. Fernandez-Rodriguez, 
A. Saz-Lara, C. Pascual-Morena, and C. Álvarez-Bueno, “Effect of Be-
havioral Weight Management Interventions Using Lifestyle mHealth 
Self-Monitoring on Weight Loss: A Systematic Review and Meta-
Analysis,” Nutrients 12, no. 7 (2020): 1977, https://​doi.​org/​10.​3390/​
nu120​71977​.

8. M. L. Patel, L. N. Wakayama, and G. G. Bennett, “Self-Monitoring 
via Digital Health in Weight Loss Interventions: A Systematic Review 
Among Adults With Overweight or Obesity,” Obesity (Silver Spring, Md) 
29, no. 3 (2021): 478–499, https://​doi.​org/​10.​1002/​oby.​23088​.

9. S. W. Cheatham, K. R. Stull, M. Fantigrassi, and I. Motel, “The Ef-
ficacy of Wearable Activity Tracking Technology as Part of a Weight 
Loss Program: A Systematic Review,” Journal of Sports Medicine and 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/S0140-6736(14)61748-7
https://doi.org/10.1016/S0140-6736(14)61748-7
https://doi.org/10.1038/s41591-024-03095-3
https://doi.org/10.1038/s41591-024-03095-3
https://doi.org/10.1159/000442721
https://doi.org/10.2337/dc25-S008
https://doi.org/10.2337/dc25-S008
https://doi.org/10.1177/0193945919888224
https://doi.org/10.3390/nu12071977
https://doi.org/10.3390/nu12071977
https://doi.org/10.1002/oby.23088


12 of 13 Obesity Reviews, 2026

Physical Fitness 58, no. 4 (2018): 534–548, https://​doi.​org/​10.​23736/​​
S0022​-​4707.​17.​07437​-​0.

10. L. Rumbo-Rodríguez, M. Sánchez-SanSegundo, N. Ruiz-Robledillo, 
N. Albaladejo-Blázquez, R. Ferrer-Cascales, and A. Zaragoza-Martí, 
“Use of Technology-Based Interventions in the Treatment of Patients 
With Overweight and Obesity: A Systematic Review,” Nutrients 12, no. 
12 (2020): 3634, https://​doi.​org/​10.​3390/​nu121​23634​.

11. DSV, “Belgium Reimburses Digital Health Application. Deutsche 
Sozialversicherung Europavertretung,” Deutsche Sozialversicherung 
Europavertretung, (April 26, 2022), Accessed June 27, 2025, https://​
dsv-​europa.​de/​en/​news/​2022/​04/​belgi​en-​ersta​ttet-​digit​ale-​gesun​dheit​
sanwe​ndung​-​diga.​html.

12. A. Olesch, “PECAN: France's Fast-Track Scheme for Digital Health 
Applications,” ICT&health international, (September 10, 2024), Ac-
cessed June 27, 2025, https://​icthe​alth.​org/​news/​pecan​-​franc​es-​fast-​
track​-​schem​e-​for-​digit​al-​healt​h-​appli​cations.

13. World Obesity, “2024 in Review: Deutsche Adipositas Gesellschaft 
(DAG),” World Obesity, (2024), Accessed June 27, 2025, https://​www.​
world​obesi​ty.​org/​news/​2024-​in-​revie​w-​deuts​che-​adipo​sitas​-​gesel​lscha​
ft-​dag.

14. Julius Kühn-Institut, “CADIMA,” Published online, (2023).

15. L. Roth, M. Ordnung, K. Forkmann, N. Mehl, and A. Horstmann, “A 
Randomized-Controlled Trial to Evaluate the App-Based Multimodal 
Weight Loss Program Zanadio for Patients With Obesity,” Obesity 31, 
no. 5 (2023): 1300–1310, https://​doi.​org/​10.​1002/​oby.​23744​.

16. J. A. C. Sterne, J. Savović, M. J. Page, et al., “RoB 2: A Revised Tool 
for Assessing Risk of Bias in Randomised Trials,” BMJ 366 (2019): l4898, 
https://​doi.​org/​10.​1136/​bmj.​l4898​.

17. M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020 
Statement: An Updated Guideline for Reporting Systematic Reviews,” 
BMJ 372 (2020): n71, https://​doi.​org/​10.​1136/​bmj.​n71.

18. M. Harrer, P. Cuijpers, T. A. Furukawa, D. D. Ebert, “Chapter 9 Pub-
lication Bias|Doing Meta-Analysis in R,” (2022), Accessed September 
25, 2023, https://​bookd​own.​org/​Mathi​asHar​rer/​Doing_​Meta_​Analy​
sis_​in_R/​pub-​bias.​html.

19. M. Harrer, P. Cuijpers, T. A. Furukawa, D. D. Ebert, “dmetar: Com-
panion R Package for the Guide “Doing Meta-Analysis in R". R Package 
Version 0.1.0,” R Package Version 0.1.0. Published online (2019), http://​
dmetar.​prote​ctlab.​org/​.

20. McMaster University, and Evidence Prime, “GRADEpro Guide-
line Development Tool,” Published online (2025), https://​www.​grade​
pro.​org/​.

21. L. P. Svetkey, B. C. Batch, P. H. Lin, et al., “Cell Phone Intervention 
for You (CITY): A Randomized, Controlled Trial of Behavioral Weight 
Loss Intervention for Young Adults Using Mobile Technology: CITY 
Weight Loss Trial—Main Results,” Obesity 23, no. 11 (2015): 2133–2141, 
https://​doi.​org/​10.​1002/​oby.​21226​.

22. C. Lugones-Sanchez, M. A. Sanchez-Calavera, I. Repiso-Gento, 
et al., “Effectiveness of an mHealth Intervention Combining a Smart-
phone App and Smart Band on Body Composition in an Overweight and 
Obese Population: Randomized Controlled Trial (EVIDENT 3 Study),” 
JMIR mHealth and uHealth 8, no. 11 (2020): e21771, https://​doi.​org/​10.​
2196/​21771​.

23. C. Lugones-Sanchez, J. I. Recio-Rodriguez, C. Agudo-Conde, et al., 
“Long-Term Effectiveness of a Smartphone App Combined With a 
Smart Band on Weight Loss, Physical Activity, and Caloric Intake in a 
Population With Overweight and Obesity (Evident 3 Study): Random-
ized Controlled Trial,” Journal of Medical Internet Research 24, no. 2 
(2022): e30416, https://​doi.​org/​10.​2196/​30416​.

24. A. Apiñaniz, R. Cobos-Campos, A. Sáez De Lafuente-Moríñigo, 
et al., “Effectiveness of Randomized Controlled Trial of a Mobile App 
to Promote Healthy Lifestyle in Obese and Overweight Patients,” 

Family Practice 36, no. 6 (2019): 699–705, https://​doi.​org/​10.​1093/​fam-
pra/​cmz020.

25. K. Gemesi, S. Winkler, S. Schmidt-Tesch, F. Schederecker, H. 
Hauner, and C. Holzapfel, “Efficacy of an App-Based Multimodal Life-
style Intervention on Body Weight in Persons With Obesity: Results 
From a Randomized Controlled Trial,” International Journal of Obesity 
2005 48, no. 1 (2024): 118–126, https://​doi.​org/​10.​1038/​s4136​6-​023-​
01415​-​0.

26. L. Hesseldal, J. R. Christensen, T. B. Olesen, et  al., “Long-Term 
Weight Loss in a Primary Care-Anchored eHealth Lifestyle Coaching 
Program: Randomized Controlled Trial,” Journal of Medical Internet 
Research 24, no. 9 (2022): e39741, https://​doi.​org/​10.​2196/​39741​.

27. F. Bughin, G. Bui, B. Ayoub, et al., “Impact of a Mobile Telerehabil-
itation Solution on Metabolic Health Outcomes and Rehabilitation Ad-
herence in Patients With Obesity: Randomized Controlled Trial,” JMIR 
mHealth and uHealth 9, no. 12 (2021): e28242, https://​doi.​org/​10.​2196/​
28242​.

28. S. J. Hartman, S. H. Nelson, L. A. Cadmus-Bertram, R. E. Patterson, 
B. A. Parker, and J. P. Pierce, “Technology- and Phone-Based Weight 
Loss Intervention,” American Journal of Preventive Medicine 51, no. 5 
(2016): 714–721, https://​doi.​org/​10.​1016/j.​amepre.​2016.​06.​024.

29. A. M. Ruiz-Leon, R. Casas, S. Castro-Barquero, et al., “Efficacy of a 
Mobile Health-Based Behavioral Treatment for Lifestyle Modification 
in Type 2 Diabetes Self-Management: Greenhabit Randomized Con-
trolled Trial,” Journal of Medical Internet Research 27 (2025): e58319, 
https://​doi.​org/​10.​2196/​58319​.

30. S. A. Simpson, L. Matthews, J. Pugmire, et al., “An App-, Web- and 
Social Support-Based Weight Loss Intervention for Adults With Obe-
sity: The ‘HelpMeDoIt!’ Feasibility Randomised Controlled Trial,” Pilot 
and Feasibility Studies 6, no. 1 (2020): 133, https://​doi.​org/​10.​1186/​s4081​
4-​020-​00656​-​4.

31. E. Hurkmans, C. Matthys, A. Bogaerts, L. Scheys, K. Devloo, and J. 
Seghers, “Face-to-Face Versus Mobile Versus Blended Weight Loss Pro-
gram: Randomized Clinical Trial,” JMIR mHealth and uHealth 6, no. 1 
(2018): e14, https://​doi.​org/​10.​2196/​mheal​th.​7713.

32. M. K. Khan, A. Liaqat, Z. A. Altokhais, et  al., “Smartphones and 
Web 2.0. Interventions for Weight Management,” Frontiers in Digital 
Health 7 (2025): 1497680, https://​doi.​org/​10.​3389/​fdgth.​2025.​1497680.

33. S. A. Lee and J. H. Park, “Effects of Stand-Alone Digital Lifestyle 
Interventions on Weight-Related Outcomes in Adults With Overweight 
or Obesity: Systematic Review and Meta-Analysis of Randomized Con-
trolled Trials,” Journal of Medical Internet Research 28 (2026): e81070, 
https://​doi.​org/​10.​2196/​81070​.

34. C. Pujia, Y. Ferro, E. Mazza, S. Maurotti, T. Montalcini, and A. Pujia, 
“The Role of Mobile Apps in Obesity Management: Systematic Review 
and Meta-Analysis,” Journal of Medical Internet Research 27 (2025): 
e66887, https://​doi.​org/​10.​2196/​66887​.

35. K. C. Koskinas, E. M. Van Craenenbroeck, C. Antoniades, et  al., 
“Obesity and Cardiovascular Disease: An ESC Clinical Consensus 
Statement,” European Journal of Preventive Cardiology 32, no. 3 (2025): 
184–220, https://​doi.​org/​10.​1093/​eurjpc/​zwae279.

36. F. M. Finucane, I. Gibson, R. Hughes, et  al., “Factors Associated 
With Weight Loss and Health Gains in a Structured Lifestyle Modifica-
tion Programme for Adults With Severe Obesity: A Prospective Cohort 
Study,” Frontiers in Endocrinology 14 (2023): 1257061, https://​doi.​org/​
10.​3389/​fendo.​2023.​1257061.

37. A. A. Tahrani, M. Panova-Noeva, N. C. Schloot, et al., “Stratification 
of Obesity Phenotypes to Optimize Future Therapy (SOPHIA),” Expert 
Review of Gastroenterology & Hepatology 17, no. 10 (2023): 1031–1039, 
https://​doi.​org/​10.​1080/​17474​124.​2023.​2264783.

38. H. Johnson, D. Huang, V. Liu, M. A. Ammouri, C. Jacobs, and A. El-
Osta, “Impact of Digital Engagement on Weight Loss Outcomes in Obe-
sity Management Among Individuals Using GLP-1 and Dual GLP-1/GIP 

https://doi.org/10.23736/S0022-4707.17.07437-0
https://doi.org/10.23736/S0022-4707.17.07437-0
https://doi.org/10.3390/nu12123634
https://dsv-europa.de/en/news/2022/04/belgien-erstattet-digitale-gesundheitsanwendung-diga.html
https://dsv-europa.de/en/news/2022/04/belgien-erstattet-digitale-gesundheitsanwendung-diga.html
https://dsv-europa.de/en/news/2022/04/belgien-erstattet-digitale-gesundheitsanwendung-diga.html
https://icthealth.org/news/pecan-frances-fast-track-scheme-for-digital-health-applications
https://icthealth.org/news/pecan-frances-fast-track-scheme-for-digital-health-applications
https://www.worldobesity.org/news/2024-in-review-deutsche-adipositas-gesellschaft-dag
https://www.worldobesity.org/news/2024-in-review-deutsche-adipositas-gesellschaft-dag
https://www.worldobesity.org/news/2024-in-review-deutsche-adipositas-gesellschaft-dag
https://doi.org/10.1002/oby.23744
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.n71
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/pub-bias.html
https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/pub-bias.html
http://dmetar.protectlab.org/
http://dmetar.protectlab.org/
https://www.gradepro.org/
https://www.gradepro.org/
https://doi.org/10.1002/oby.21226
https://doi.org/10.2196/21771
https://doi.org/10.2196/21771
https://doi.org/10.2196/30416
https://doi.org/10.1093/fampra/cmz020
https://doi.org/10.1093/fampra/cmz020
https://doi.org/10.1038/s41366-023-01415-0
https://doi.org/10.1038/s41366-023-01415-0
https://doi.org/10.2196/39741
https://doi.org/10.2196/28242
https://doi.org/10.2196/28242
https://doi.org/10.1016/j.amepre.2016.06.024
https://doi.org/10.2196/58319
https://doi.org/10.1186/s40814-020-00656-4
https://doi.org/10.1186/s40814-020-00656-4
https://doi.org/10.2196/mhealth.7713
https://doi.org/10.3389/fdgth.2025.1497680
https://doi.org/10.2196/81070
https://doi.org/10.2196/66887
https://doi.org/10.1093/eurjpc/zwae279
https://doi.org/10.3389/fendo.2023.1257061
https://doi.org/10.3389/fendo.2023.1257061
https://doi.org/10.1080/17474124.2023.2264783


13 of 13Obesity Reviews, 2026

Receptor Agonist Therapy: Retrospective Cohort Service Evaluation 
Study,” Journal of Medical Internet Research 27 (2025): e69466, https://​
doi.​org/​10.​2196/​69466​.

39. A. Beleigoli, A. Q. Andrade, M. D. F. Diniz, and A. L. Ribeiro, “Per-
sonalized Web-Based Weight Loss Behavior Change Program With and 
Without Dietitian Online Coaching for Adults With Overweight and
Obesity: Randomized Controlled Trial,” Journal of Medical Internet Re-
search 22, no. 11 (2020): e17494, https://​doi.​org/​10.​2196/​17494​.

40. M. A. Cornier, “A Review of Current Guidelines for the Treatment
of Obesity,” American Journal of Managed Care 28 (2022): S288–S296,
https://​doi.​org/​10.​37765/​​ajmc.​2022.​89292​.

41. R. Ross and A. J. Bradshaw, “The Future of Obesity Reduction:
Beyond Weight Loss,” Nature Reviews. Endocrinology 5, no. 6 (2009):
319–325, https://​doi.​org/​10.​1038/​nrendo.​2009.​78.

42. J. L. Unick, D. Beavers, J. M. Jakicic, et al., “Effectiveness of Lifestyle 
Interventions for Individuals With Severe Obesity and Type 2 Diabetes: 
Results From the Look AHEAD Trial,” Diabetes Care 34, no. 10 (2011):
2152–2157.

43. G. A. Gaesser, S. S. Angadi, and B. J. Sawyer, “Exercise and Diet,
Independent of Weight Loss, Improve Cardiometabolic Risk Profile in
Overweight and Obese Individuals,” Physician and Sportsmedicine 39,
no. 2 (2011): 87–97, https://​doi.​org/​10.​3810/​psm.​2011.​05.​1898.

44. M. Bardus, S. B. van Beurden, J. R. Smith, and C. Abraham, “A
Review and Content Analysis of Engagement, Functionality, Aesthet-
ics, Information Quality, and Change Techniques in the Most Popular
Commercial Apps for Weight Management,” International Journal of
Behavioral Nutrition and Physical Activity 13 (2016): 35, https://​doi.​org/​
10.​1186/​s1296​6-​016-​0359-​9.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Table  S1: Search string PubMed. 
Table S2: Search string IEEE Xplore. Table S3: Search string Nature. 
Table S4: Search string PubPsych. Table S5: Search string Cochrane. 
Table  S6: PRISMA checklist. Table  S7: Intervention characteristics. 
Table  S8: Egger's regression test. Table  S9: Summary table sensitiv-
ity analysis. Figure S1: Funnel plot indicating publication bias for the 
primary endpoint and weight loss at the end of the intervention (SMD). 
SMD, standardized mean difference. Figure S2: Funnel plot indicating 
publication bias for the primary endpoint and weight loss at the end of 
the intervention (MD). MD, mean difference (kg). Figure S3: Forest 
plot meta-analysis SMD at 6-month timepoint. CG, control group; CI, 
confidence interval; IG, intervention group; SMD, standardized mean 
difference. Figure S4: Forest plot meta-analysis MD (kg) at 6-month 
timepoint. CG, control group; CI, confidence interval; IG, intervention 
group; MD, mean difference. 

https://doi.org/10.2196/69466
https://doi.org/10.2196/69466
https://doi.org/10.2196/17494
https://doi.org/10.37765/ajmc.2022.89292
https://doi.org/10.1038/nrendo.2009.78
https://doi.org/10.3810/psm.2011.05.1898
https://doi.org/10.1186/s12966-016-0359-9
https://doi.org/10.1186/s12966-016-0359-9

	Effectiveness of Mobile Application-Based Multimodal Behavioral Interventions on Weight Loss in Obesity: A Systematic Review and Meta-Analysis
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Search Strategy and Eligibility Criteria
	2.2   |   Study Selection and Data Extraction
	2.3   |   Outcomes
	2.4   |   Statistical Analysis
	2.5   |   Risk of Bias and Quality Assessment
	2.6   |   Exploratory Post Hoc Analysis

	3   |   Results
	3.1   |   Study Selection
	3.2   |   Study Characteristics
	3.3   |   Risk of Bias and Quality Assessment
	3.4   |   Weight Loss Results
	3.4.1   |   Results From Systematic Reviews
	3.4.2   |   Meta-Analysis
	3.4.3   |   Post Hoc Descriptive Findings: Performance Differences and Intervention Characteristics
	3.4.4   |   Secondary Outcomes


	4   |   Discussion
	4.1   |   Key Findings
	4.2   |   Possible Explanations for Heterogeneity of Study Results
	4.3   |   Strengths and Limitations
	4.4   |   Future Implications

	5   |   Conclusions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


