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Abstract

Background: Youth aged 15-24 years carry a disproportionate HIV/sexually transmitted infections (STIs) burden. In recent
years, different modalities of digital health interventions (DHIs) have been explored to promote safer sex behaviors among
youth, but their comparative effectiveness across modalities and relative to nondigital interventions (NDIs) remains unclear.

Objective: This study aimed to compare DHI modalities on safer sex behaviors and HIV/STI incidence, rank modalities using
Bayesian network meta-analysis (NMA), and position their effectiveness relative to NDIs.

Methods: A systematic review and Bayesian NMA of randomized controlled trials were conducted by comprehensively
searching PubMed, EMBASE, Web of Science, and Cochrane Library (inception to November 2025). Eligible studies were
those that enrolled youth aged 15-24 years and evaluated mobile app-based intervention, telecommunication-based interven-
tion (TCI), static web-based intervention (SWI), or interactive online-based intervention (IOI)—with an NDI or another
DHI. Primary outcomes were condom use at last sexual contact, consistent condom use, and proportion of condom use.
Secondary outcomes included condom use self-efficacy, number of sexual partners, and STI incidence (including HIV). Risk
of bias was assessed with the Cochrane Risk of Bias 2 tool, and certainty of evidence with GRADE/CINeMA (Confidence in
NMA). Bayesian random-effects NMAs estimated odds ratios (ORs) with 95% credible intervals (Crls), and complementary
frequentist NMAs provided 95% CIs and 95% prediction intervals.

Results: Twenty-four randomized controlled trials (20,134 participants) were included, forming treatment networks across
5 intervention types. TCI was the only intervention that significantly improved condom use at last sex compared with NDI
(OR 1.13,95% CrI 1.02-1.26). For consistent condom use, SWI and 10I outperformed TCI (SWI vs TCI: OR 1.77,95% Crl
1.03-3.06; IOI vs TCI: OR 1.68, 95% CrI 1.02-2.76). For the proportion of condom use, IOI outperformed SWI (OR 1.34,95%
Crl 1.01-1.80), and mobile app-based intervention ranked highest in probability rankings, though estimates lacked precision.
For STI incidence, NDI was associated with fewer STIs than SWI (OR 0.61, 95% CrlI 0.46-0.82).

Conclusions: This is the first NMA to compare the effectiveness of DHIs on condom use and HIV/STI outcomes among
youth populations. It demonstrates that the impact of DHIs on HIV prevention varies substantially by intervention modality
and outcome type. While TCI demonstrates the most consistent improvement in condom use at last sex, SWI and IOI
may be more effective for promoting consistent condom use, though estimates remain imprecise. However, wide prediction
intervals and low-certainty evidence suggest that self-reported behavioral changes may not translate into reductions in HIV/STI
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incidents without integration with offline services and broader structural support. Future trials might consider including
standardized outcome indicators and longer follow-up to generate more precise estimates of the effectiveness of DHIs and
guide generalization of youth-centered digital HIV/STIs prevention.

Trial Registration: PROSPERO CRD42024527317; https://www .crd.york.ac.uk/PROSPERO/view/CRD42024527317

J Med Internet Res 2026,28:e87071; doi: 10.2196/87071

Keywords: digital health intervention; HIV prevention; safer sex behavior; youth; mobile health; telecommunication-based
intervention; web-based intervention; network meta-analysis; mHealth

Introduction

Adolescents and young adults aged 15-24 years, defined
as “youth” by the United Nations [1-3], are disproportion-
ately affected by HIV around the globe. This age range is
widely used in international health research and reporting,
which allows comparability across studies and alignment with
global HIV surveillance data. Alarmingly, in 2023, youth
in this age group comprised nearly one-third of the 3600
daily new HIV infections recorded worldwide. Youth are
especially vulnerable to HIV due to high rates of unprotected
sex, inconsistent condom use, and co-occurring risk behav-
iors such as alcohol and drug use [4,5]. Still, a significant
proportion of youth around the world lack access to accu-
rate and age-appropriate information on sexual and reproduc-
tive health, rendering them susceptible to misinformation,
psychological distress, and engagement in high-risk sexual
behaviors [6]. To address this public crisis, scalable evidence-
based health interventions targeting safer sex practices should
be prioritized in this vulnerable population [7].

Digital health interventions (DHIs) have emerged as a
promising strategy for health promotion in recent years [8].
Digital health, conceptualized as an umbrella term by the
World Health Organization [9], refers to the use of digital
and wireless platforms to facilitate health care delivery or
health interventions, including but not limited to electronic
health, mobile health, telehealth, and artificial intelligence-
based applications. On the other hand, with the growing
accessibility of smartphones and internet services among
youth, digital technologies have become a dominant force to
shape their sexual behaviors [10,11]. It is more convenient
for young people to meet sexual partners, including cas-
ual, one-night, and anonymous partners, through web-based
platforms, dating apps, and social networking sites [12,13],
which further increases the likelihood of having unprotected
sex frequency [14]. While digital technologies have facilita-
ted riskier sexual behaviors among youth, they also create
opportunities for DHIs that leverage young people’s existing
online engagement patterns and preferences [15-19].

Accumulating evidence suggests that DHIs can improve
HIV-related knowledge, risk perception, prevention inten-
tions, and behavioral outcomes among youth [20], with the
types of DHIs including mobile apps, text messaging, online
videos, social media platforms, and interactive websites
[21-23]. A stage-based computer-delivered intervention, for
example, targeting heterosexual young men demonstrated
significant improvements in condom use intention and
subsequent condom use behavior [24]. Similarly, a study
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evaluating a social media-based intervention via Facebook
reported a 23% increase in condom use and a 54% reduction
in chlamydia incidence among adolescents [25]. In contrast,
a large (randomized controlled trial (RCT) delivering sexual
health promotion via SMS and email enhanced sexually
transmitted infection (STI) knowledge and testing uptake,
particularly among women, but showed no significant impact
on condom use [26]. Another study reported that intervention
based on a peer-led safer-sex Facebook group for Chinese
college students found no significant change in contraceptive
use intention or frequency [27]. Similarly, a social media-
based crowdsourced HIV testing intervention among youth
did not increase facility-based HIV testing, condom use,
or syphilis testing [28]. Therefore, different types of DHIs
may differentially affect sexual health outcomes, yet existing
trials rarely distinguish the relative effectiveness of each
DHI modality. Clarifying which intervention types are most
effective for specific behavioral and biological outcomes is
essential for optimizing digital HIV prevention strategies
among youth [7,29].

In addition, several systematic reviews (SRs) have
synthesized the evidence on DHIs for HIV prevention, but
important limitations remain. Some SRs are purely descrip-
tive, lacking quantitative synthesis [22,30-32]. Other reviews
have focused narrowly on specific DHI types (eg, social
media or telehealth) [33,34], or have failed to examine key
behavioral outcomes like condom use [35,36]. In addi-
tion, traditional meta-analyses are constrained to pairwise
comparisons [37], leaving uncertainty about which types
of DHIs are most effective in head-to-head comparisons
[30]. To address these knowledge gaps, we conducted a SR
and network meta-analysis (NMA) to evaluate and compare
the effectiveness of different DHIs in promoting safer sex
behaviors among youth. The study aimed to: (1) identify the
most effective types of DHIs in promoting safe sex among
youth; (2) construct a network-based ranking of intervention
effectiveness; and (3) inform the design of scalable, evidence-
based digital health programs for HIV prevention among
youth.

Methods

Overview

This SR and NMA follow the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA-NMA)
guidelines [38]. The completed PRISMA-NMA checklist is
provided in Checklist 1. The protocol for this study has been
registered with PROSPERO (CRD42024527317).
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Eligibility Criteria

Types of Population

Studies were eligible for inclusion if they involved partici-
pants aged 15-24 years or if at least half of the participants
were within this age range. Those that did not report, or for
which data could not be extracted, for this specific age group
were excluded.

Types of Interventions and Comparison

The interventions included in this review were DHIs, which
were defined in accordance with the World Health Organiza-
tion’s broad definition of digital health technologies [9]. For
the purpose of this review, the included DHIs were further
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classified into four mutually exclusive categories based on
their delivery modes and characteristics: (1) mobile app-based
interventions (MAIs), (2) telecommunication-based interven-
tions (TCI), (3) static web-based interventions (SWIs), and
(4) interactive online-based interventions. This operational
classification was developed to reflect the interventions
identified in the included studies and to avoid overlap
across categories. A detailed description of common DHI
subcategories was provided in Table 1; the subcategories of
the DHIs were based on a previous SR [30]. The control
group received nondigital interventions (NDI), referring to
traditional approaches without digital technology, such as
face-to-face counseling, printed materials, or group sessions.

Table 1. Subcategories of digital health interventions (DHIs) and abbreviations used to classify interventions evaluated.

Subcategories of DHIs Abbreviation  Description

Mobile app—based interventions MAI

Programs delivered primarily via dedicated software apps installed on smartphones or tablets, leveraging device

features (eg, notifications, sensors, data storage) to provide interactive content, personalized feedback, tracking,
and behavior change support.

Telecommunication-based intervention TCI

Interventions using traditional telecommunication methods such as SMS text messages or telephone calls. These

interventions typically involve sending reminders, educational messages, or conducting counseling via phone
communication without the need for internet-based platforms.

Static web-based interventions SWI

Interventions provided through websites that offer static, noninteractive content. This may include informational

pages, downloadable resources, or educational materials without features for user engagement or real-time

feedback.

Interactive online-based interventions 101

Interventions delivered via web-based platforms or websites that enable user interaction, such as quizzes,

tailored feedback, chatbots, or real-time communication with health professionals. These platforms actively
engage users to enhance learning and behavior change.

Any appropriate comparator group was included, such
as usual care, placebo, no intervention, waitlist, attention
control, or different DHIs. To reduce inconsistency among
trials, we excluded studies that combined non-DHIs with
DHIs, unless the distinction between the intervention and
control groups lay solely in the DHIs. In multi-arm trials,
intervention arms representing the same modality without
meaningful differences in content, intensity, or delivery were
considered a single treatment node for eligibility purposes and
later combined analytically to avoid double-counting.

Outcomes

The primary outcomes were specific condom use behaviors,
defined as follows:

1. Condom Use Rate in the Last Sexual Contact: The
percentage of individuals reporting condom use during
their most recent penetrative sexual act [39].

2. Consistent Condom Use Rate: The percentage of
individuals reporting consistent condom use during
all their penetrative sexual acts over the recall period
specified in each study [40].

3. Proportion of Condom Use: The overall proportion of
sexual acts in which a condom was used, calculated as
the total number of times a condom was used divided
by the total number of sexual acts. Unlike the consistent
condom use rate, which measures whether individu-
als always use a condom, this indicator captures the
frequency of condom use across all reported sexual
encounters, allowing for partial or occasional use [41].
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The secondary outcomes included (1) self-efficacy for
condom use, measured by the overall mean score on a
validated condom use self-efficacy scale, such as Brafford
and Beck’s [42] condom use self-efficacy scale, Lawrance et
al’s [43] self-efficacy for HIV prevention scale and others,
(2) number of sexual partners, and (3) the incidence rate
of STIs (including HIV). Because follow-up length varied
substantially across trials, we included studies reporting at
least one postintervention follow-up outcome and extracted
the longest follow-up time point for synthesis to enhance
comparability [44.45].

Types of Studies

Only RCTs were included, including crossover trials and
cluster-randomized trials. Studies using nonrandomized,
quasi-experimental, observational, or qualitative designs were
excluded. Only peer-reviewed articles published in English
were eligible, as non-English or non-peer-reviewed sour-
ces lack sufficient methodological detail for reliable data
extraction and risk-of-bias assessment.

Search Strategy

The search strategy was developed and reported in accord-
ance with the PRISMA-S guideline [46]. Searches for
RCTs were conducted in PubMed (including MEDLINE),
EMBASE, Web of Science, and the Cochrane Library.
Searches were performed through the native interfaces of
each database (PubMed via NCBI, EMBASE via Elsevier,
Web of Science via Clarivate, and Cochrane Library via
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Wiley). In addition, the reference lists of relevant SRs were
checked to ensure that no eligible trials were missed.

The search terms were formulated according to the PICOs
framework, including participants or populations, interven-
tions, outcomes, and types of research design. Both Medi-
cal Subject Headings and free-text terms were included as
appropriate. Boolean operators (“AND,” “OR”) were used to
combine search terms, and database-specific search techni-
ques such as truncation, phrase marks, and wildcards were
applied. The complete search terms and algorithm were
provided in Multimedia Appendix 1, and search strategies
for the other databases were adapted accordingly. The search
was designed and executed by 2 reviewers (YZ and WP),
who were trained in SR methodology, and the strategy was
cross-checked for completeness and accuracy.

The literature search was initially conducted on June
13, 2024 and was last updated on November 15, 2025.
All retrieved records were imported into EndNote X9 for
citation management, and duplicates were removed using
both automated and manual deduplication. Additional search
methods included checking the reference lists of the included
studies or relevant SRs. Gray literature was also searched
via Google Scholar, OpenGrey, and ProQuest Dissertations.
The search was limited to studies published in English due to
resource constraints for translation.

Selection Procedure and Data Extraction

Two reviewers (YZ and DH) independently screened the
titles and abstracts against predefined protocol criteria. Full
texts were retrieved for all potentially eligible studies. When
multiple articles were identified from the same randomized
controlled trial, the most recent or most comprehensive
publication was retained for data extraction. Earlier reports
were used to supplement missing information on study
design, intervention details, or outcomes when necessary.
Any discrepancies between the 2 reviewers were resolved
by discussion. If disagreements persisted, a third reviewer
(WP) was invited for adjudication. At the title and abstract
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screening stage, we excluded 14,788 records that clearly did
not meet the eligibility criteria, most commonly because
of wrong study design (eg, cross-sectional surveys, quali-
tative studies, reviews, protocols), wrong population (non-
youth samples), ineligible intervention or comparator (ie, the
difference between study arms did not lie in the use of a
DHI), or an unrelated topic.

Data were extracted using a standardized and piloted form.
Extracted variables included: first author, publication year,
recruitment region, participant characteristics (mean age, SD,
gender distribution), type of intervention and comparator,
sample size per arm, intervention duration, and reported
endpoints. Detailed characteristics of the DHIs were also
extracted to facilitate subcategorization (Table 1). Further,
outcomes and corresponding measurement methods were
recorded, such as self-reported condom use and validated
self-efficacy scales.

When outcome data were incomplete or unclear, study
authors were contacted by email for clarification; trials with
essential missing data were excluded from the quantitative
synthesis and documented in Multimedia Appendix 2. All
eligible studies were included in the SR, and only studies

with usable and connected outcome data were included in the
NMA.

Risk of Bias Assessment

The methodological quality of the included studies was
independently assessed by 2 reviewers (YZ and WP), with
disagreements resolved by a third reviewer (CZ). Risk of bias
was evaluated using version 2 of the Cochrane risk of bias
2 tool (RoB 2) for randomized trials [47]. For each domain,
studies were rated as having “low risk,” “some concerns,”
or “high risk” of bias according to the Cochrane Handbook
(version 6.5) [48]. Domain-level risk of bias judgments for
each trial are summarized in Figure 1, with extended graphs
and contribution matrices provided in Multimedia Appen-
dix 3. The reference list of included studies is provided in
Multimedia Appendix 4 [26,49-71].
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Figure 1. Risk of bias assessment of included randomized controlled trials using Cochrane Risk of Bias 2 tool [26,49-71].

Study ID
Zhenchao Hu, 2023

Rayner Kay Jin Tan, 2022
Elly Nuwamanya, 2020
Emma Wilson, 2017

Joseph T. F. Lau, 2015
Rienke Bannink, 2014
Megan S C Lim, 2011

Mary Jane Rotheram—Borus, 2004
Rafael Ballester—Arnal, 2015
Caroline Free, 2022
Diane Santa Maria, 2011
Laura B. Whiteley, 2018
Brian Mustanski, 2018
Peipert JF, 2008
Sheana Bull, 2016

Michele L. Ybarra, 2013
José A. Bauermeister, 2019
Deborah J Rinehart, 2019
Melissa K. Miller, 2021
David Cordova, 2020
Taraneh Shafii, 2019
Lauren S. Chernick, 2022

Jennifer Yarger, 2024

Brian Suffoletto, 2013
Because blinding was generally not feasible for these
nonpharmacological interventions, many trials were judged
at high risk of bias in the domain of deviations from intended
interventions [72,73]. As this limitation was expected and
unlikely to influence objectively measured outcomes, we
did not consider this domain when grading the certainty of
evidence. The overall certainty of evidence was determined
using the CINeMA (Confidence in NMA) web application,
which is based on the GRADE framework [74,75]. In
addition, we constructed GRADE “Summary of Findings”
tables using the official template provided by the GRADE
Working Group to summarize the key relative and abso-
lute effects and certainty ratings for the primary outcomes
(Multimedia Appendix 3).

RoB 2 assessments were incorporated into the interpre-
tation of NMA findings and into the GRADE/CINeMA
evaluation of certainty, but they were not used to weight
studies in the statistical synthesis.

Statistical Analysis

Geometry of the Evidence Network

We examined the geometry of the treatment network by
mapping each trial arm to one of the predefined intervention
nodes and summarizing the pattern of direct comparisons. A
network plot was generated to visually depict the evidence
base, with node size proportional to the number of random-
ized participants and edge thickness reflecting the number

https://www jmir.org/2026/1/e87071
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of trials informing each comparison. We further assessed
potential network-related biases by identifying sparse nodes,
single-study comparisons, and imbalance in the distribution of
direct evidence.

Model Specification and Synthesis Methods

Model convergence was assessed through Markov Chain
Monte Carlo diagnostics, including the Gelman-Rubin
potential scale reduction factor and inspection of leverage
plots. The number of adaptation iterations, burn-in period,
and total iterations were set to ensure adequate mixing
and convergence. Effect estimates were expressed as pooled
odds ratios (ORs) and 95% credible intervals (Crls), which
served as the primary summary measure for all dichotomous
outcomes.

Bayesian NMAs were conducted using the R package
BUGSnet to compare the effectiveness of 4 subcategories of
DHIs and control groups. Binomial likelihood models with
a logit link function were specified, and both fixed-effect
and random-effects consistency models were fitted. Given
anticipated clinical heterogeneity, random-effects models
were treated as primary, with fixed-effect models used in
sensitivity analyses. Noninformative priors were assigned to
treatment effects and heterogeneity parameters to minimize
prior influence. Model fit and parsimony were evaluated
using the deviance information criterion (DIC), with lower
values indicating better fit.
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To evaluate the transitivity assumption, we compared
mean age, sex distribution, intervention intensity, and
follow-up duration across treatment comparisons. We further
restricted inclusion to trials in which =50% of participants
were aged 15-24 years, excluded trials in which nondigital
components were offered only to one arm, and extracted
outcomes at the longest reported follow-up to harmonize
follow-up time. These design and population characteristics
showed broadly overlapping ranges across interventions and
no systematic differences between comparisons, so transi-
tivity was judged plausible. Forest plots of posterior ORs
with 95% Crls from the Bayesian consistency model were
generated to summarize the magnitude and uncertainty of
estimated treatment effects.

To complement these Bayesian estimates and quantify
uncertainty in effects that might be observed in new settings,
we also performed frequentist random-effects NMAs using
the netmeta package in R, specifying NDI as the reference
group [76]. For each outcome, we estimated ORs and 95%
CIs for each intervention versus NDI and derived 95%
prediction intervals (PIs) by combining the average treatment
effect with between-study heterogeneity, in line with recent
recommendations that NMAs should routinely report PIs
when heterogeneity is present [77].

Assessment of Inconsistency and
Heterogeneity

Consistency between direct and indirect evidence was
assessed by comparing the DIC between consistency and
inconsistency models. A substantially lower DIC in the
consistency model indicated acceptable agreement between
sources of evidence. Due to the limited number of inclu-
ded studies, we did not formally investigate small-study
effects (eg, using funnel plots or Egger’s regression test),
which are typically used to explore potential publication
bias as one of several possible explanations for such effects.
Selective outcome reporting could not be formally assessed
due to insufficient reporting in the included trials; how-
ever, the potential for selective reporting was considered
when interpreting the cumulative evidence. Because the
number of studies informing most comparisons was limited,
local inconsistency (eg, node-splitting) could not be reliably
assessed; in the presence of any potential inconsistency, we
planned to explore differences in study characteristics and
reassess the plausibility of the transitivity assumption.

Handling of Multi-Arm Trials and Node Merging

For multi-arm trials, if 2 or more arms delivered essentially
the same intervention category (eg, different versions of the
same SWI content without meaningful variation in delivery
or timing), we merged these arms by summing the number
of events and participants. This ensured that each intervention
was represented by a single node in the network and avoided
duplicate contributions from the same trial [78].
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Ranking of Interventions

Ranking probabilities and surface under the cumulative
ranking curve (SUCRA) were computed to summarize the
relative effectiveness of each intervention across the posterior
distribution. Rankograms and cumulative ranking plots were
used to visualize intervention hierarchies, and league tables
and heatmaps were generated to present pairwise comparisons
and their relative effect estimates. No additional analyses,
such as sensitivity analyses, subgroup analyses, or meta-
regression, were conducted because the limited number of
studies and the sparse network geometry did not permit
reliable implementation of these methods. All statistical
analyses were conducted using R (version 4.3.2; R Founda-
tion for Statistical Computing) with the gemtc, BUGSnet, and
netmeta packages.

Results

Description of Included Studies

From a total of 25,659 records initially retrieved, 24 RCTs
published between 2004 and 2024 were included in the final
analysis (Figure 2). These studies were conducted across 8
diverse countries, predominantly in the United States (n=14),
with the remainder from China (n=2), the United Kingdom
(n=2), Uganda (n=2), Singapore (n=1), the Netherlands (n=1),
Australia (n=1), and Spain (n=1). The trials collectively
enrolled 20,134 participants (range 50-6248; mean 838.9,
SD 1358.2), with a mean age of 19.5 years. Overall, 10,228
participants (53.4%) were male, although sex composition
varied substantially —some studies enrolled only males [49-
51], only females [52,53], or mixed populations. Of the 24
included studies, 21 studies were two-arm, and 3 studies were
multi-arm. Across the included studies, 6 trials evaluated
TCI, 8 assessed interactive online-based intervention (I01),
6 examined MAI, and 8 investigated SWI. The total number
of intervention approaches (n=28) exceeded the number
of included studies (n=24) because several trials directly
compared 2 or more active interventions (eg, IOl vs SWI)
without including a conventional control group. Intervention
durations ranged from brief sessions lasting 10-20 minutes
up to 12 months. Follow-up periods were heterogeneous,
spanning from immediate postintervention assessments to
24 months. Most studies reported outcomes at 3-6 months,
while only a few provided longer-term follow-up beyond 12
months. Five studies performed analyses for more than one
time point. To enhance consistency and reduce potential bias
associated with short-term variability, we extracted outcomes
at the longest follow-up time point, thereby facilitating a more
comprehensive evaluation of the intervention’s long-term
effectiveness [44 ,45].
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Figure 2. The flow diagram of the literatureease clarify th selection process for randomized controlled trials of digital health interventions included in

this review.

Identification of studies via databases and registers

For condom use at last sexual contact, 4 out of 7 studies
reported ORs greater than 1, suggesting a possible benefi-
cial effect of the interventions; however, only one trial [54]
showed a clear statistical significance (OR 1.13, 95% CI
1.01-1.25). Regarding consistent condom use, 6 of 11 studies
showed ORs above 1, with substantial heterogeneity; one
study reported a very large effect (OR 4.55, 95% CI 1.15-
17.95) [55]. For the proportion of condom use, 5 out of 6
trials reported ORs above 1, suggesting a tendency towards
higher condom use in the intervention groups; however, Cls
were wide and often included the null (overall OR range
0.48-2.43), indicating that the evidence for this outcome is
imprecise. Finally, for STIs incidence, including HIV, effects
varied substantially across 7 trials, with ORs ranging from
0.53 to 2.10. Four of the 7 trials had point estimates below 1
[49,50,53,79], and 3 trials had 95% CI that excluded 1 [49,56,
57], indicating heterogeneous and partly conflicting evidence
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)
Records identified from: Records removed before
s Databases (Total n=27405) screening.
= Pubmed (n=7513) Duplicate records removed
e Embase (n=5343) —» (n=12403)
= WOS (n=9274) Records marked as ineligible
3 Cochrane Library (n=5275) by automation tools (n=2)
= Registers (n=0) Records removed for other
reasons (n=0)
—
. \ 4
Records excluded on the basis of
Re_cords Nahaekas —»| title and abstract review
(n=15000) (n=14788)
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Reports sought for retrieval Reports not retrieved
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* Abstract only, full text
unavailable (n=5)
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= Studies included in review record (n=3)
S (n=24) * Insufficient data (n=1)
S Reports of included studies
= (n=24)
—/

for this outcome. These results summarized the observed
effects across trials, highlighting that effect estimates varied
considerably across outcomes and studies. The characteristics
and effect estimates of the included studies were summarized
in Table 2.
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Risk-of-bias assessments using the RoB 2 tool are summar-
ized in Figure 1. Overall, most trials were judged to be at low
risk of bias for the randomization process, outcome measure-
ment, and selection of the reported result. However, a
substantial minority of studies had some concerns or high risk
of bias in at least one domain, most frequently for deviations
from the intended interventions and missing outcome data.
Consequently, several trials were rated as having some
concerns or a high overall risk of bias.

Although condom use self-efficacy and number of sexual
partners were prespecified as secondary outcomes, too few
studies reported these measures to allow meta-analysis. Only
one trial evaluated condom use self-efficacy. In Rinehart
et al [66], this construct was assessed using 3 items devel-
oped within the Health Belief Model (range 0-12; Cronbach
a=0.72). At the 3rd month, the intervention group reported
significantly higher self-efficacy scores than the control group
(7.38 vs 6.68; P=.04), but this difference was no longer
significant at the 6th month (7.39 vs 6.99; P=.20). Two trials
reported on the number of sexual partners. In Shafii et al [79],
participants in the intervention arm reported a 29% reduction
in the number of sexual partners at follow-up, although the
effect did not reach statistical significance (IRR 0.71, 95%
CI 0.50-1.03, P=.07). Changes in the control group were not
reported. By contrast, Free et al [54] examined the proportion
of participants reporting 2 or more sexual partners over 12
months. At one year, this outcome was reported by 56.9%
of intervention participants compared with 54.8% of controls
(OR 1.11, 95% CI 1.00-1.24, P=.06). Overall, the evidence
on the impact of digital interventions on the number of sexual
partners remains limited and inconsistent.

Zhu et al

Results of Network Meta-Analysis

Overview

A total of 24 RCTs were included to evaluate the compara-
tive effectiveness among 5 intervention types—4 DHIs (TCI,
I0I, MAI, and SWI) and NDI—across the four analyza-
ble outcomes: (1) condom use at last sexual contact, (2)
consistent condom use, (3) overall proportion of condom use,
and (4) incidence of STIs (including HIV). The remaining
2 outcomes of self-efficacy were excluded due to insuffi-
cient network connectivity. The network structures for each
outcome were shown in Figure 3, where the thickness of
the lines was proportional to the number of comparisons,
and the size of the nodes reflected the number of studies
involving each intervention. Across outcomes, the treat-
ment network was dominated by comparisons of each DHI
category versus NDI, whereas head-to-head trials comparing
different DHIs were rare. Several DHI-DHI contrasts and
some STI outcomes were informed by only one or two
small trials, and self-efficacy outcomes formed disconnec-
ted subnetworks. Thus, the network geometry was relatively
sparse and heavily anchored on NDI, implying that several
treatment rankings rely mainly on indirect evidence. The
indirect comparative effectiveness of DHIs was summarized
in Multimedia Appendix 5. Forest plots of posterior ORs
with 95% CrIs for each intervention versus NDI across all 4
outcomes are provided in Multimedia Appendix 6.

Figure 3. Network structure diagrams for randomized controlled trials of digital health interventions among youth, by outcome: (A) Condom use rate
in the last sexual contact; (B) Consistent condom use rate; (C) Proportion of condom use; (D) The incidence rate of sexually transmitted infections
(including HIV). The thicknesses of the lines were proportional to the number of comparisons; the diameters of the circles were proportional to
the number of treatments. IOI: interactive online-based intervention; MAI: mobile app-based intervention; NDI: nondigital intervention; SWI: static

web-based intervention; TCI: telecommunication-based intervention.
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In the complementary frequentist random-effects NMAs,
point estimates and 95% ClIs for each intervention versus NDI
were broadly consistent with the Bayesian results (Multime-
dia Appendix 7). Across all 4 outcomes, 95% PIs were
noticeably wider than the corresponding Cls and frequently
included the null value, even when the average effects
suggested benefit. For example, for condom use at last sexual
contact and for consistent condom use, TCI, I0I, and MAI
tended to favor improved condom use versus NDI, but their
PIs indicated that future trials conducted in different settings
could plausibly observe smaller benefits or no clear difference
from NDI. Similar patterns were observed for the proportion
of condom-protected acts and for STI incidence, highlighting
that between-study heterogeneity and contextual differences
may lead to substantial variability in the effects realized in
new populations.

Condom Use Rate in the Last Sexual Contact

Seven studies involving 4 DHIs with a total of 10,285
participants were included in the analysis of condom use at

Zhu et al

last sexual contact. The random-effects consistency model
was selected based on model fit, as it showed comparable
DIC and residual deviance values to the inconsistency model,
indicating no substantial inconsistency. Among the interven-
tions, only TCI showed a statistically significant improvement
compared with NDI (OR 1.13, 95% CrI 1.02-1.26). Although
MALI had the highest SUCRA value (83.44%) and was most
likely to rank first (65.61%), its effect was not statistically
significant. The rank probabilities for all interventions were
summarized in Table 3A and illustrated in Figures 4 and
5, showing the descending order of MAI, TCI, NDI, and
IOI. As shown in Multimedia Appendix 6, TCI was the only
intervention with its 95% Crl entirely to the right of the
line of no effect, suggesting a modest but relatively certain
increase in condom use at last sex compared with NDI. IOI
and MAI showed point estimates on either side of 1 with wide
Crls, indicating no clear difference from NDI.

Table 3. Rank probabilities and surface under the cumulative ranking curve (SUCRA) values for digital health intervention categories in the network

meta-analysis of randomized controlled trials assessing sexual health outcomes among youth.

Rank 101 MAI NDI SWI TCI
(A) rank probability of condom use rate in the last sexual contact
1 5.76 65.61 0.05 —a 28.58
2 12.02 87.34 8.58 — 92.05
3 20.34 97.38 82.46 — 99.82
4 100 100 100 - 100
SUCRA 12.71 83.44 30.36 — 73.48
(B) Rank probability of consistent condom use rate
1 33.07 4.59 0.54 61.09 0.7
2 90.77 10.95 335 92.76 2.16
3 97.78 418 5243 97.71 10.27
4 99.59 77.38 94.65 99.5 28.87
5 100 99.99 99.99 100 100
SUCRA 80.3 33.68 37.74 87.77 10.5
(C) Rank probability of proportion of condom use
1 12.6 69.18 0.8 0.04 17.39
2 65.17 88.68 6.82 2.82 36.53
3 923 94.87 248 37.75 50.31
4 99.3 97.89 65.6 74.13 63.11
5 100 100 100 100 100
SUCRA 67.34 87.66 245 28.68 41.84
(D) Rank probability of the incidence rate of STIs (including HIV)
1 0.38 — 91.78 0.04 781
2 7 - 99.95 043 92.63
3 95.79 — 100 45 99.72
4 100 — 100 100 100
SUCRA 34.39 — 97.25 1.66 66.72

4Not available.
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Figure 4. Rank of probabilities of digital health intervention categories in the network meta-analysis of randomized controlled trials assessing sexual
health outcomes among youth: (A) Condom use rate in the last sexual contact; (B) Consistent condom use rate; (C) Proportion of condom use; (D)
The incidence rate of sexually transmitted infections (including HIV). Stacked bars show the probability that each digital health intervention category

occupies each possible rank (from best to worst).
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Figure 5. Cumulative rank plot for digital health intervention categories in the network meta-analysis of randomized controlled trials assessing sexual
health outcomes among youth: (A) Condom use rate in the last sexual contact; (B) Consistent condom use rate; (C) Proportion of condom use; (D)
The incidence rate of sexually transmitted infections (including HIV). Lines represent the cumulative probability of each digital health intervention

category being ranked at or above each position.

thitg
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Consistent Condom Use Rate

Eleven studies involving all 5 DHIs with a total of 4881
participants were included in the analysis of consistent
condom use. A random-effects consistency model was
selected based on a slightly better model fit (DIC=39.49 vs
41.17) and no substantial evidence of inconsistency. Both
SWI and IOI were significantly more effective than TCI (SWI
vs TCI: OR 1.77, 95% CrI 1.03-3.06; I0I vs TCI: OR 1.68,
95% Crl 1.02-2.76). SWI had the highest probability of being
the most effective intervention (SUCRA=87.77%), followed
by I0I (80.3%). TCI ranked the lowest (10.5%), while
MALI and NDI showed moderate effectiveness. The ranking
probabilities were summarized in Table 3B and visualized in
Figures 3B and 4B. Multimedia Appendix 6 shows that I0I
and SWI had posterior ORs above 1, implying a tendency
toward improved consistent condom use, whereas MAI and
TCI showed ORs close to or below 1. However, all Crls
crossed 1, suggesting that these differences were uncertain.

Proportion of Condom Use

Six studies involving 5 DHIs with a total of 2048 partic-
ipants were included in the analysis of the proportion of
condom use. Given the slightly lower DIC (2245 vs 22.83)
and similar model complexity and fit, the consistency model
was deemed preferable. Only IOI showed a statistically
significant improvement compared with SWI (OR 1.34, 95%
Crl 1.01-1.80). Regarding the ranking probabilities (Table
3C), MAI had the highest probability of being the most
effective intervention (SUCRA=87.66%), followed by IOI
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(SUCRA=67.34%). In contrast, NDI (SUCRA=24.5%) and
SWI (SUCRA=28.68%) ranked relatively low. The distribu-
tion of rank probabilities was presented in Table 3C and
visualized in Figures 3C and 4C. In Appendix 4C, all
interventions showed ORs >1 relative to NDI, with MAI
and IOI having the largest point estimates. Nevertheless, the
Crls were wide and crossed 1, indicating that although the
direction of effect generally favored digital interventions, the
precision of the estimates was limited.

The Incidence Rate of STls (Including HIV)

Seven studies involving 4 DHIs and a total of 14,966
participants were included in the analysis of STIs incidence.
NDI was significantly more effective than IOI (OR 0.78,
95% Crl 0.65-0.93) and SWI (OR 0.61, 95% Crl 0.46-0.82),
while TCI also showed a significant advantage over SWI
(OR 0.67, 95% Crl 0.49-0.92). Based on rank probabili-
ties and SUCRA values, NDI had the highest likelihood
of being the most effective intervention (91.78% probabil-
ity of ranking first; SUCRA=97.25%), followed by TCI
(7.81%; SUCRA=66.72%). 101 and SWI had considerably
lower rankings, with SUCRA values of 34.39% and 1.66%,
respectively. Table 3D summarizes the intervention rankings,
and Figures 3D and 4D illustrate the rank probability and
cumulative ranking plots. Multimedia Appendix 6 displays
ORs >1 for IOI, SWI, and TCI compared with NDI, and
all Crls lie entirely to the right of 1. This pattern suggests
that these digital interventions were associated with equal or
higher STI incidence, with SWI showing the highest point
estimate.
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Consistency and Visualization

For all 4 outcomes, consistency between direct and indirect
comparisons was assessed by comparing the DIC values
between the consistency and inconsistency models. In all
cases, the DIC differences were less than 5, indicating no
evidence of global inconsistency (Multimedia Appendix 8). In
complementary frequentist random-effects NMAs conducted
with the netmeta package in R, we estimated ORs with 95%
CIs and 95% PIs for each intervention versus NDI for all
4 outcomes (Multimedia Appendix 7). Across outcomes, PIs
were wider than the corresponding Cls and frequently crossed
the null, indicating substantial uncertainty in the effects that
might be observed in future implementation settings despite
the direction of the average effects.

Strength of Evidence

All of these enrolled studies were RCTs, and the quality
of evidence was evaluated by the Cochrane Handbook and
graded each potential source of bias as low, high, or some
concerns; the details were displayed in Figure 1. We assessed

Zhu et al

confidence in the results of the NMA using the CINeMA
framework. Of the 4 outcomes analyzed, only “consistent
condom use” met the criteria for CINeMA assessment.
The remaining outcomes were excluded due to insufficient
numbers of studies or disconnected network structures. For
consistent condom use, certainty of evidence was mainly
downgraded for within-study bias and imprecision, resulting
in overall ratings of “low” to “very low” confidence. Among
the 10 comparisons, 1 (10%) was rated as “very low” and
9 (90%) as “low” certainty. For condom use at last sex, the
proportion of condom-protected acts, and STI incidence, the
certainty of evidence is less well characterized, but given the
sparse data, risk of bias, and wide intervals, these estimates
should similarly be interpreted as low certainty. A detailed
summary of risk-of-bias judgements, CINeMA assessments,
and the corresponding GRADE “Summary of Findings”
information for each primary outcome is provided in Figure 1
and Table 4, with full GRADE “Summary of Findings” tables
formatted according to the GRADE Working Group template
available in Multimedia Appendix 3 to aid interpretation of
the magnitude and certainty of the main comparisons.

Table 4. Summary of confidence in the evidence for consistent condom use, assessed using Confidence in Network Meta-Analysis and GRADE.

Overall
Comparis Number  Within-study Reporting Indirectnes Imprecisio confidence Reasons for
on of studies bias bias s n Heterogeneity Incoherence rating (GRADE) downgrading
IOLNDI% b 3 Major concerns  Low risk No concerns ~ Major No concerns No concerns Very low Within-study bias
concerns and imprecision
IOL:SWI¢ 1 No concerns Low risk No concerns ~ Major No concerns No concerns Low Imprecision only
concerns
MALNDIY 2 Some concerns  Low risk No concerns ~ Major No concerns No concerns Low Within-study bias
concerns and imprecision
NDI:SWI 2 Some concerns  Low risk No concerns ~ Major No concerns No concerns Low Within-study bias
concerns and imprecision
NDI:TCI® 3 Some concerns  Low risk No concerns ~ Major No concerns No concerns Low Within-study bias

concerns

and imprecision

4Ol interactive online-based intervention.
PNDI: nondigital intervention.

CSWI: static web-based intervention.

dMATI: mobile app-based intervention.

®TCI: telecommunication-based intervention.

Discussion

Principal Findings

To the best of our knowledge, this is the first NMA
to systematically evaluate the comparative effectiveness
of different modalities of DHIs on promoting safer sex-
ual behaviors among youth. By simultaneously examining
4 distinct digital modalities and 3 behavioral outcomes,
and by incorporating STI incidence (including HIV) as a
biological endpoint, this review expands the current evi-
dence base and clarifies which intervention types are better
suited for immediate versus sustained behavior change,
and highlights the gap between improvements in self-repor-
ted safer behaviors and reductions in biological HIV/STI
infection. Drawing upon data from 24 RCTs across diverse
contexts, our findings offer comprehensive insights to inform
future development, optimization, and implementation of
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DHIs in HIV/STIs prevention, underscore the need for
designing multimodal, context-aware digital interventions that
integrate behavioral support with access to testing and care
services, and provide practical considerations for policymak-
ers, program designers, and digital platform developers who
seek to tailor DHIs to youth populations.

Across outcomes, between-study heterogeneity and
statistical inconsistency were generally low to moderate,
and the network satisfied the assumptions of transitivity
and global consistency. However, most comparisons were
informed by a small number of trials, many of which had
some concerns or a high risk of bias in at least one RoB 2
domain. The complementary frequentist NMAs showed that
95% PIs were typically wide and often crossed the null, even
when average effects appeared beneficial. Consistent condom
use was the only outcome that met CINeMA requirements,
and all network comparisons for this outcome were rated as
having low or very low certainty. Together, these features
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suggest that our estimates reflect uncertain average effects
rather than precise predictions for specific programs or
settings. These patterns of risk of bias, particularly devi-
ations from intended interventions and missing outcome
data, may have led to overestimation of some intervention
effects or increased uncertainty in the network estimates and
contributed to downgrading the certainty of evidence in our
GRADE/CINeMA assessment.

In assessing condom use at the last sexual encounter,
TCI emerged as the only approach showing statistically
significant improvement compared with NDI. This finding
aligns with prior studies reporting absolute increases in
condom use among participants receiving SMS or phone-
based reminders [80]. The relatively stronger performance
of TCI may be attributable to its simplicity and immediacy,
directly prompting protective behaviors without requiring
advanced digital literacy or prolonged engagement [81].
Previous evidence has also highlighted TCI as one of the
more acceptable and widely used forms of digital interven-
tion among young people [30]. Thus, TCIs may offer an
immediate behavioral benefit, especially for outcomes tied
to the most recent sexual event. Interestingly, while MAI
ranked highest in SUCRA probability, its effect did not
reach significance, suggesting inconsistency between ranking
and statistical evidence. This discrepancy could stem from
limited trial numbers, variability in app engagement, or short
intervention duration, which may have constrained the power
to detect statistical changes. However, this apparent benefit of
TCI is based on a few trials with some concerns or high risk
of bias, and the wide PIs suggest that similar effects may not
be consistently achievable in all implementation settings.

In this study, consistent condom use is improved more
effectively by SWI and IOI than by TCI, with SWI ranking
the highest. This finding aligns with prior evidence indicat-
ing that web-based and online interventions contributed to
a substantial proportion of effective digital interventions [21,
30]. First, that SWI outperformed IOl may seem counter-
intuitive, given the absence of interactive features. How-
ever, SWI could deliver standardized, theory-based content
in a less distracting, user-driven format, allowing youth to
process key prevention messages at their own pace. More-
over, while the IOIs included in this review are mostly
delivered via computers or tablets, SWIs—though static—
are often accessible on smartphones or distributed through
popular platforms such as Facebook or WeChat with text,
images, or videos [82]. This accessibility and portability may
explain why SWI demonstrates stronger effects on consis-
tent condom use. Second, TCI was less effective than both
SWI and IOI for improving consistent condom use. Previ-
ous studies have suggested that TCI, especially SMS-based
reminders, remain controversial in terms of their long-term
effectiveness for HIV prevention behaviors [83]. Therefore,
although TCI can effectively prompt immediate behaviors,
its brief and repetitive messages may lack the depth and
reinforcement required to sustain consistent condom use over
time. Nevertheless, most trials contributing to this outcome
had some concerns or high risk of bias, and CINeMA rated
the certainty of these network estimates as low to very low, so
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the apparent superiority of SWI and IOI should be considered
tentative.

When examining the proportion of condom use, I0I
demonstrated a significant advantage over SWI, indicating
the added value of interactive engagement. This aligns with
prior evidence showing that increases in condom use were
significantly associated with the use of tailored strategies
[21], feedback provision, and guided navigation in digital
interventions. Unlike static websites, IOIs integrated tailored
feedback, quizzes, or real-time support, which represent core
behavior change techniques such as personalized feedback,
problem-solving, and self-regulation strategies [84]. These
core behavioral change techniques are particularly effective
in influencing situational decisions and negotiations during
sexual encounters, thereby enhancing the overall proportion
of condom use [85,86]. In other words, consistent condom
use reflects the internalization of long-term protective norms,
and it could be reinforced by standardized and less dis-
tracting formats like SWI, while the proportion of condom
use is more sensitive to moment-to-moment decision-mak-
ing. This divergence in findings—SWI being more effective
for consistent use, while 10l excels in overall proportion—
highlights that different behavioral outcomes may respond
to distinct mechanisms of action. Besides, the evolution of
technology-based intervention modes has gradually expan-
ded from web-based formats to SMS and social media [87-
89]. This trend further supports the notion that while static
formats may effectively reinforce long-term norms, interac-
tive platforms provide additional advantages for immediate
behavioral decisions during sexual encounters. Yet the Crls
and PIs for this outcome were wide and frequently included
the null, indicating considerable heterogeneity and impreci-
sion and implying that any average benefit in the propor-
tion of condom-protected acts may not translate into clear
improvements in every context.

Unlike the behavioral outcomes, the effectiveness of DHIs
on reducing STI infection reveals a different pattern: NDI and
TCI performed more favorably, while IOl and SWI ranked
lowest. This finding contrasts with prior studies showing that
digital interventions can improve HIV/STI care engagement,
such as testing uptake or service use [90-92], highlighting
that improvements in care engagement do not necessarily
translate into reductions in biological outcomes like STI
incidence. Several factors may explain this inconsistency.
First, STI incidence represents a distal biological endpoint
that may require longer follow-up to capture meaningful
reductions, and improvements in self-reported behaviors, such
as condom use, may not directly translate into biological
protection due to reporting bias or inconsistent application
in high-risk contexts. Second, reductions in STI incidence
depend not only on safer behaviors but also on timely testing,
treatment, and linkage to care. However, evidence shows
that stigma related to gender identity, socioeconomic status,
race, and ethnicity can delay care-seeking and discourage
individuals from accessing necessary services [93]. Nondigi-
tal approaches, such as community outreach or peer education
programs, often combine behavioral education with direct
access to services such as STI testing, treatment linkage,
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and ongoing support from trained staff or peers, which
can directly impact biological outcomes. In contrast, many
DHIs focus primarily on education and motivation, with-
out providing structured access to testing or clinical care.
Additionally, NDIs may facilitate stronger trust and engage-
ment through in-person interactions, which can overcome
barriers related to stigma, confidentiality concerns, or digital
literacy limitations. Therefore, while DHIs can effectively
change self-reported behaviors, the integrated, multi-compo-
nent structure of NDIs may explain their relative advantage
in reducing actual STI incidence (including HIV). Besides,
in this study, TCI is the only digital intervention showing a
relatively favorable effect on reducing STI incidence, second
only to NDI. Prior studies have demonstrated that TCI can
facilitate access to HIV prevention services for youth and
achieve high patient and provider satisfaction [93,94]. By
providing a comfortable, judgment-free platform, telemedi-
cine may be particularly preferred by marginalized popula-
tions, especially transgender youth [95,96]. Given the small
and heterogeneous evidence base, important risks of bias in
several trials, and wide PIs, these findings on STI incidence
should be regarded as exploratory and hypothesis-generating
rather than definitive.

Our use of PIs further illustrates the extent to which the
observed benefits of DHIs may vary across settings. For
most comparisons, the 95% PIs were wide and often crossed
the null value, even where the corresponding credible or
CIs suggested modest advantages over NDI. This pattern
indicates that, although certain DHI modalities tend to
improve condom use on average, implementation in new
populations or health systems may yield smaller effects or
no clear benefit, underscoring the need for careful adaptation,
monitoring, and evaluation when scaling up digital prevention
programs.

Implications

These findings have several implications. First, the differ-
ential effectiveness of DHIs suggests tailoring intervention
types to targeted outcomes. TCI showed immediate bene-
fits for condom use at last sexual contact and a relative
advantage for STI incidence, indicating that simple, low-bur-
den interventions may prompt rapid behavior change and
reach marginalized youth. In contrast, SWI and IOI were
more effective for consistent and habitual condom use,
highlighting the value of self-paced content and behavior
change techniques that enhance motivation and self-regula-
tion. Multi-modal approaches combining these strengths may
maximize overall effectiveness. Second, DHIs alone may be
insufficient to reduce STI incidence. Biological outcomes
require longer follow-up, and self-reported behavior change
does not always translate to infection reduction. Integrating
DHIs with offline services, such as condom distribution,
PrEP promotion, routine testing, and clinical linkage, is likely
necessary to achieve meaningful improvements. Third, these
results have implications for intervention design and digital
health policy. When targeting youth populations, accessibil-
ity, acceptability, and engagement should be prioritized.
For example, interventions delivered via mobile platforms
or telecommunication may overcome barriers related to
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stigma or limited digital literacy, while interactive online
content can leverage BCTs to support skill acquisition and
habitual behavior change. Intervention planners should also
consider the balance between immediacy and sustainabil-
ity of effects: brief, repeated prompts may drive immedi-
ate behavior, whereas structured, self-paced content may
reinforce long-term habits.

Limitations

Several limitations of this study should be noted. First,
substantial clinical and methodological heterogeneity across
trials—including differences in intervention intensity and
duration, digital platforms, follow-up periods, and out-
come definitions—may have contributed to between-study
heterogeneity and could challenge the transitivity assump-
tion underpinning some indirect comparisons in the NMA.
Second, we restricted inclusion to randomized, prevention-
focused DHIs among HIV-negative or status-unknown youth
and excluded nonrandomized studies and trials targeting
HIV-positive adolescents; the findings may therefore not
generalize to these subgroups or to broader digital programs.
Third, all behavioral outcomes relied on self-report, and
secondary outcomes such as self-efficacy and number of
sexual partners were too sparsely and inconsistently reported
to be synthesized, limiting our ability to evaluate the broader
psychosocial impact of DHIs beyond condom use. Fourth, the
number of trials assessing certain interventions, particularly
MAI, was limited, which may reduce statistical power and
the precision of effect estimates. Fifth, we were unable to
formally assess small-study or publication bias, and selective
nonpublication or outcome reporting cannot be ruled out.
Finally, most network comparisons were rated as low or very
low certainty because of within-study bias and imprecision,
and PIs, estimated using standard random-effects methods
in netmeta, were wide; the true comparative effects may
therefore differ meaningfully from our estimates, underscor-
ing the need for rigorous, adequately powered RCTs with
standardized outcomes and longer follow-up.

Conclusions

In conclusion, this NMA provides the most comprehensive
synthesis to date on the comparative effectiveness of DHIs in
promoting safer sexual behaviors among youth. This NMA
highlights that the effectiveness of DHIs for HIV prevention
among youth depends on both intervention modality and
targeted outcomes. While DHIs can enhance knowledge and
protective behaviors, their impact on biological endpoints
remains limited without integration with offline services
and broader structural support. Tailoring interventions to
behavioral targets, engagement strategies, and contextual
factors is essential to maximize their potential in promoting
youth sexual health. We hope that these results will inform
the design of youth-centered digital prevention programs,
guide clinicians and educators in selecting appropriate
modalities, and support policymakers and guideline devel-
opers in integrating digital strategies into national HIV
prevention frameworks. Future studies should focus on the
specific characteristics of patients to provide personalized
estimates of comparative effectiveness and individualized
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predictions regarding the probability of response to treatment
and of side effects.
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