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Abstract

Background: Digital health interventions (DHIs) are increasingly used to support antiretroviral therapy (ART) management
among people living with HIV. However, existing systematic reviews have largely focused on single intervention types or
limited outcomes, and few have integrated multiple DHI modalities across both behavioral and clinical end points. Addition-
ally, previous evidence has rarely incorporated analytical approaches, such as prediction intervals (PIs) or trial sequential
analysis (TSA), leaving uncertainty regarding the robustness and generalizability of findings.

Objective: This systematic review aimed to evaluate the effectiveness of DHIs in improving ART-related outcomes among
people living with HIV.

Methods: We systematically searched PubMed, Cochrane Library, Embase, and Web of Science for randomized controlled
trials (RCTs) published up to February 29, 2026. Eligible studies included people living with HIV receiving ART and
evaluated DHIs, such as SMS, mobile apps, phone calls, adherence monitoring devices, multimedia education, or multicompo-
nent interventions. Outcomes included viral suppression, CD4* cell count, adherence, and retention. Random-effects meta-
analyses were conducted using restricted maximum likelihood estimation with Hartung-Knapp-Sidik-Jonkman adjustment.
Effect sizes were reported as risk ratios (RRs) or mean differences (MDs) with 95% CIs and 95% PIs. TSA was performed
to assess the sufficiency of cumulative evidence. A frequentist network meta-analysis was conducted to compare the relative
effectiveness of different DHIs.

Results: A total of 64 RCTs involving 22,286 participants were included. Compared with standard of care (SOC), DHIs
improved subjective adherence (RR 1.13, 95% CI 1.04-1.23; 95% PI 0.82-1.57) and retention (RR 1.06, 95% CI 1.01-1.12;
95% PI 0.81-1.39). Viral suppression was modestly improved (RR 1.04, 95% CI 1.01-1.07; 95% PI 0.96-1.13), while no
significant effect was observed for CD4" cell count and objective adherence. TSA indicated sufficient evidence for viral
suppression and subjective adherence but inconclusive evidence for other outcomes. In the network meta-analysis, SMS,
mobile apps, and multicomponent interventions demonstrated statistically significant benefits versus SOC; however, all Pls
crossed the null. Although phone calls ranked highest by surface under the cumulative ranking curve (SUCRA), differences
between interventions were not robust.

Conclusions: In contrast to previous systematic reviews that focused on single intervention types or limited outcomes, this
systematic review provides a comprehensive synthesis of multiple outcomes across all types of DHIs, supporting their potential
role as nonpharmacological strategies in HIV care. However, the wide 95% PI, together with a high risk of bias, small-study
effects, and low to very low certainty of evidence based on GRADE (Grading of Recommendations Assessment, Development,
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and Evaluation), indicate substantial uncertainty regarding the true effects in future settings. Therefore, these findings should
be interpreted with caution. These findings have important practical implications, as they may directly help inform the design
of more targeted and context-specific digital interventions and highlight the need for further research to identify optimal

implementation strategies in routine HIV care.

Trial Registration: PROSPERO CRD42024567903; https://www .crd.york.ac.uk/PROSPERO/view/CRD42024567903

J Med Internet Res 2026,28:e81019; doi: 10.2196/81019

Keywords: digital health interventions; HIV; viral suppression; adherence; meta-analysis; mobile health; trial sequential
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Introduction

HIV infection remains a major global public health challenge
[1]. The widespread use of antiretroviral therapy (ART) has
substantially improved survival among people living with
HIV and has gradually transformed HIV infection into a
chronic condition that can be managed over the long term
[2,3]. Successful ART is typically reflected in sustained
viral suppression, immune recovery, reduced HIV-related
morbidity and mortality, and a lower risk of transmission
[4,5]. Although ART outcomes are influenced by multiple
factors, including early diagnosis, timely treatment initia-
tion, and health system support, patient-level adherence
and retention remain central to treatment success [5]. Poor
adherence is closely associated with virologic failure, drug
resistance, disease progression, and increased mortality risk
[6,7]. Therefore, the long-term support of ART management
continues to be a core issue in HIV care.

In response to these ongoing challenges, digital health
interventions (DHIs) have been increasingly used to
support HIV care. DHIs use information and communi-
cation technologies to support disease management and
the functioning of health systems [8]. These interventions
take multiple forms, including patient-focused tools such
as SMS text reminders, mobile apps, and electronic med-
ication monitoring devices, as well as system-level tech-
nologies such as telemedicine platforms, electronic health
records, and clinical decision support systems [8,9]. With
the widespread global adoption of smartphones and internet
connectivity, digital platforms provide an important founda-
tion for expanding support for HIV care [10].

Compared with facility-based care alone, digital interven-
tions may support ART management by enabling reminders,
remote follow-up, and ongoing patient-provider communica-
tion [11,12]. In addition, digital approaches can help mitigate
structural barriers to HIV care, such as geographic distance,
transportation difficulties, stigma, and limited health care
resources [13,14]. Consequently, digital technologies may
not only improve access to care in resource-limited settings
but also help reduce disparities in access to HIV services
among rural and underserved populations in middle- and
high-income countries [15,16].

Despite these potential advantages, an increasing number
of randomized controlled trials (RCTs) have evaluated
DHIs in HIV care, but the findings remain inconsistent.
Available evidence suggests that various DHIs, including
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SMS text reminders, mobile apps, and multicomponent
digital interventions, may improve ART-related outcomes
[17,18]. These interventions vary widely in format, rang-
ing from simple communication tools, such as SMS text,
to more complex interactive platforms designed to support
patient management and behavior change. Some studies have
reported that tailored SMS text interventions and interactive
platforms can improve medication adherence and virologi-
cal outcomes in specific populations, such as adolescents
and young adults living with HIV. However, other studies
have found limited or no significant effects, indicating that
the effectiveness of DHIs may depend on factors such as
intervention design, implementation context, and population
characteristics [19].

Existing systematic reviews and meta-analyses have
attempted to synthesize the growing body of evidence on
DHIs in HIV care. However, several important limitations
remain. First, many previous reviews have focused on
single types of interventions, most commonly SMS-based
approaches, which limits the ability to compare the rela-
tive effectiveness of different digital modalities [20,21].
Second, previous studies have often examined a narrow
set of outcomes, typically focusing on adherence, without
simultaneously evaluating clinical outcomes such as viral
suppression and immunological recovery [20-22]. Third,
most meta-analyses have relied primarily on pooled effect
estimates and Cls, with limited consideration of between-
study variability and real-world applicability [20-24].

Furthermore, few studies have integrated multiple
analytical frameworks to comprehensively evaluate both the
magnitude and the robustness of intervention effects. Network
meta-analysis provides an opportunity to compare multiple
intervention types simultaneously by incorporating both direct
and indirect evidence, which is particularly valuable in
contexts where head-to-head comparisons between interven-
tions are limited [25,26]. Although network meta-analysis
has been increasingly adopted in comparative effectiveness
research, its application in evaluating DHIs for HIV-related
outcomes remains relatively limited.

Given these methodological gaps, a comprehensive and
methodologically rigorous synthesis is warranted to assess not
only the average effects of DHIs, but also the uncertainty,
heterogeneity, and comparative effectiveness of different
intervention strategies. Approaches such as prediction
intervals (PIs) and network meta-analysis may offer a more
informative assessment of how effects vary across settings
and how different digital interventions compare with one
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another [27,28]. In turn, such evidence may better sup-
port clinical interpretation and inform the development and
implementation of future digital HIV care programs.

Therefore, this systematic review aimed to provide an
updated and comprehensive evaluation of the effectiveness
of DHIs in improving ART-related outcomes among people
living with HIV. We included the most recent RCTs and
assessed multiple outcomes, including viral suppression,
CD4* cell counts, adherence, and retention in care. To
enhance the robustness and interpretability of the findings,
we applied a combination of analytical approaches, includ-
ing pairwise meta-analysis, network meta-analysis, PI, and
trial sequential analysis (TSA). By integrating these methods,
this systematic review seeks to provide a more complete
understanding of both the potential benefits and the limita-
tions of DHIs, as well as their applicability across different
real-world settings.

Methods

Protocol and Registration

This systematic review was reported in accordance with
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 statement and PRISMA-
S (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses literature search extension) to strengthen
transparency [29,30]. The review protocol was registered
on the PROSPERO International Prospective Register
of Systematic Reviews (CRD42024567903). No major
deviations from the registered study protocol occurred during
the conduct of the review.

Eligibility Criteria

Study selection was conducted according to the popula-
tion, intervention, comparator, outcomes, and study design
framework. The inclusion criteria were as follows: (1)
population: people living with HIV receiving ART; (2)
intervention: DHIs (eg, SMS text reminders, adherence
monitoring devices, mobile apps, or multimedia education);
(3) comparator: standard of care (SOC) or other DHIs;
(4) outcomes: treatment-related outcomes, adherence, or
retention; and (5) study design: RCTs. The exclusion criteria
were as follows: non-RCTs and studies for which the full text
was not available. No additional restrictions were applied.

Information Sources and Search Strategy

We conducted a systematic search of 4 electronic databases—
PubMed, Embase, Cochrane Library, and Web of Science. In
addition, 2 reviewers (PL and JM) independently screened the
reference lists of published systematic reviews and meta-anal-
yses on DHIs in HIV care to identify eligible RCTs that might
have been missed in the electronic database search.

The search strategy combined free-text terms and MeSH
related to HIV, DHIs, and their synonyms. A specific search
strategy was developed for this systematic review and adapted
for each database based on previously published studies in
this field. The complete search strategy is in the appendix.
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No restrictions were applied regarding publication date or
language, and no additional methodological filters or search
limits were used. The initial search was conducted on May 1,
2024, and the final search was updated to February 29, 2026.
No attempts were made to obtain additional information by
contacting study authors, experts, or other stakeholders.

Selection Process

All retrieved records were imported into the Rayyan online
platform for deduplication and screening. Moreover, 2
reviewers (PL and JM) independently screened the titles and
abstracts of all records and conducted full-text assessments
of studies considered potentially eligible. Where there were
disagreements between reviewers about the inclusion of a
paper, a consensus was reached through discussion among all
authors.

Data Collection Process and Data Items

A standardized data extraction form was developed in
accordance with the Cochrane Handbook for Systematic
Reviews of Interventions, and a pilot extraction was
performed on a subset of included studies before formal data
extraction. The following information was extracted: author,
year of publication, trial registration number, study region,
study population, study design, sample size, sex distribution,
age (mean and SD), follow-up duration, outcome measures,
and characteristics of the interventions. Data extraction was
conducted independently by 2 reviewers (PL and JM), and
any discrepancies were resolved through discussion with a
third reviewer (SG). The primary outcomes of this system-
atic review were viral suppression and the final CD4* cell
count. Secondary outcomes included medication adherence
and retention. Viral suppression was defined as an HIV viral
load of <400 copies/mL. In this systematic review, adher-
ence was defined as “good adherence,” corresponding to a
medication adherence rate >90%. Adherence was classified as
subjective or objective. Subjective measures were based on
patient self-report, whereas objective measures were assessed
by clinicians or trained personnel or obtained using electronic
adherence monitoring devices. Retention was defined as the
proportion of participants who remained engaged in care and
were not lost to follow-up during the study period.

For multiarm studies in which multiple intervention groups
shared the same control group and were included in the
same meta-analysis, we followed the Cochrane Handbook
recommendation to avoid double-counting by splitting the
shared control group across the relevant comparisons [31].
For dichotomous outcomes, the number of events and total
sample size in the shared control group were divided equally
across comparisons; for continuous outcomes, the mean and
SD were retained, while the sample size was divided equally.
Decimal values were retained for effect-size calculation when
necessary.

DHIs were defined according to the World Health
Organization classification of digital health technologies
[8]. Based on their mode of delivery and key characteris-
tics, the included DHIs were classified into six mutually
exclusive categories: (1) SMS, defined as short message
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service reminders or bidirectional messaging; (2) adherence
monitoring devices, such as smart pill bottles or electronic
dose monitoring systems; (3) mobile apps designed to support
ART adherence or HIV care; (4) phone calls, including
voice calls or telecounseling delivered via telephone; (5)
multimedia education, defined as educational interventions
delivered through web-based platforms or mobile devices
using multimedia formats such as videos, animations, audio,
or interactive learning modules; and (6) multiple digital
interventions, which combined 2 or more digital modalities
(eg, SMS text plus monitoring devices or mobile apps).

According to the process evaluation framework of the
Medical Research Council, reach was defined as the
proportion of the intended target population that was reached
by or exposed to the intervention [32]. Uptake was defined
as the reported adoption or use of the intervention or health
promotion program [33]. Feasibility was defined as the
practicality of implementing the intervention or program,
typically assessed through indicators such as acceptability,
adherence, potential cost-effectiveness, or the capacity of
providers to deliver the intervention [34,35].

Risk-of-Bias and Certainty Assessment

The risk of bias in the included RCTs was assessed using
the Risk of Bias 2 (RoB 2) tool. RoB 2 evaluates potential
sources of bias across five key domains: (1) the randomiza-
tion process, (2) deviations from intended interventions, (3)
missing outcome data, (4) measurement of the outcome, and
(5) selection of the reported result [36]. Each domain was
judged as presenting a “low risk of bias,” “some concerns,”
or “high risk of bias,” and an overall risk-of-bias judgment
was assigned for each study. The certainty of evidence
for each outcome was assessed using the GRADE (Grad-
ing of Recommendations Assessment, Development, and
Evaluation) approach with the online GRADEpro Guideline
Development Tool (GRADEpro GDT) [37]. The assessment
domains included risk of bias, inconsistency, indirectness,
imprecision, and publication bias. The certainty of evidence
was rated as high, moderate, low, or very low. Moreover,
2 reviewers (PL and JM) independently conducted the
assessments, and any disagreements were resolved through
consensus.

Data Analysis

Pairwise meta-analyses were first conducted to evaluate the
effectiveness of DHIs compared with control conditions.
For dichotomous outcomes, risk ratios (RRs) with 95% ClIs
were calculated. For continuous outcomes, pooled estimates
were expressed as mean differences (MDs) with 95% Cls.
Given the anticipated clinical and methodological heterogene-
ity across studies, all analyses were performed using random-
effects models, with between-study variance estimated by the
restricted maximum likelihood method. CIs were adjus-
ted using the Hartung-Knapp-Sidik-Jonkman approach [38].
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When at least 10 studies were available, 95% Pls were
calculated to estimate the range of effects expected in future
studies [39]. Subgroup analyses were performed according
to intervention type. Leave-one-out sensitivity analyses were
conducted to assess the robustness of the pooled effect
estimates. Small-study effects were evaluated using funnel
plots and the Egger test, and the trim-and-fill method was
applied to examine the robustness of the findings.

TSA was performed to control for potential random errors
caused by repeated significance testing and sparse data.
The required information size (RIS) was estimated using a
2-sided a of 5% and a statistical power of 80%, and moni-
toring boundaries were constructed using the O’Brien-Flem-
ing method. TSA was conducted using the TSA software
developed by the Copenhagen Trial Unit.

To compare the relative effectiveness of different DHIs,
a frequentist network meta-analysis was performed for the
primary outcome of viral suppression. Consistency between
direct and indirect evidence was assessed using the node-
splitting method. Relative treatment effects were summarized
in a league table, and the surface under the cumulative
ranking curve was used to estimate the ranking probability
of each intervention. PI for comparisons between digital
interventions and SOC were calculated using the Kenward-
Roger adjustment.

All statistical analyses were conducted using R (version
4.5.3; R Core Team) and Stata (version 17; StataCorp LLC).
Pairwise meta-analyses were performed using the metafor
package, and network meta-analyses were conducted using
the netmeta package.

Results

Study Search and Selection

The study selection process is illustrated in Figure 1. The
literature search was conducted initially and updated before
submission using the same search strategy.The PRISMA flow
diagram presents the combined results of both searches. After
removal of duplicates, 14,407 records were excluded during
title and abstract screening. The most common reasons for
exclusion included nonrandomized study designs, studies not
involving people living with HIV, interventions not meeting
the definition of DHIs, and studies that did not report relevant
ART-related outcomes. In addition, conference abstracts,
commentaries, and reviews were excluded. After title and
abstract screening, a total of 135 articles were sought for
retrieval, and 134 articles were assessed for eligibility by
full-text review after 1 article could not be retrieved. A total
of 64 RCTs met the inclusion criteria [12,17-19,40-99]. All
exclusions during screening were clearly based on prede-
fined eligibility criteria, and no ambiguous cases requiring
subjective judgment were identified.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram of study selection.
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Additional reports identified from previous

Study Characteristics

The main characteristics of the included studies are summar-
ized in Table 1 and Table S1 in Multimedia Appendix 1.
A total of 64 studies involving 22,286 participants were
included [12,17-19,40-89,91-99]. In terms of intervention
type, 27 studies evaluated SMS interventions [12,17-19.40,
41,49,51,53,59,61,63-66,68,72-74,79,83,84,88,91,9598], 10
assessed adherence monitoring devices [46,47,56,62,67,77,
78,80,91,92], 8 evaluated mobile apps [54,55,57,58,71,87,93,
94], 9 examined phone calls [48,52,69,70,76,85,86,89,90],
5 assessed multimedia education [45,81,82,9697], and 9
used multiple digital interventions [18,42-44,50,53,60,75,78].
Follow-up duration ranged from 1 to 24 months. Most studies
were conducted in the Americas and Africa, and 35 were
carried out in low- and middle-income countries. The study
populations primarily consisted of adults living with HIV,
although several studies also included specific subgroups,
such as men who have sex with men, adolescents living with
HIV, and pregnant women living with HIV.

A total of 59 studies reported reach, with a median reach
of 335% (IQR 21%-42.9%). Uptake was reported in 37
studies, with a median of 85.7% (IQR 68.1%-95.6%).
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Risk of Bias

The risk-of-bias assessment showed that 19 studies
were rated as having low risk of bias [17.45,51,54,60,
64,65,71,75,76,79,88,.91,92,94-96,98,99], 30 raised some
concerns [12,18,19,40-44,46,47,49,52,53,56-58,63,67,68,70,
73,74,77,81,82,84,85,89,.9097], and 15 were judged to
be at high risk of bias [48,50,55,59.,61,62,66,69,72,78,80,
83,86,87,93]. In 25 studies [18,19,41,43,44,48-50,52,54,56,

https://www jmir.org/2026/1/e81019
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57,60,62-64,72-74,77,78,80,88,95,98], although randomiza-
tion was reported, the allocation concealment procedures
were not clearly described, which may have introduced
bias in the randomization process. In addition, 25 stud-
ies were considered to have potential bias in outcome
measurement [19,40-44,46,47,49,52,53,56,57,63,67,73,74,77,
78,81,82,84,85,89,90]. Detailed results of the risk-of-bias
assessment are presented in Figure 2.
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Figure 2. Risk of bias across effect estimates at Postintervention and follow-up assessments based on the Cochrane risk of bias 2 tool for randomized

trials [12,17-19,40-99].
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Meta-Analysis: Viral Suppression and
CD4- Cell Counts

A total of 27 studies reported viral suppression outcomes.
Compared with SOC, DHIs were associated with a modest
improvement in viral suppression (RR 1.04, 95% CI 1.01-
1.07). Heterogeneity was low (7=0.032; 72=0.001; Q=36.38;
P=244%; P=.13). However, the Pl was relatively wide
and crossed the null (95% PI 0.96-1.13), indicating sub-
stantial variability in the potential effects across settings
(Figure 3); however, the certainty of evidence was rated
as very low (Table 2). TSA indicated that the cumulative
Z-curve crossed both the conventional boundary and the TSA
monitoring boundary before reaching the RIS and remained

Liuetal

above the boundary thereafter, suggesting that the evidence
was statistically robust (Figure S2.1 in Multimedia Appen-
dix 1). Subgroup analysis by intervention type showed that,
compared with SOC, multiple digital interventions were
significantly associated with improved viral suppression (RR
1.09, 95% CI 1.01-1.17; P>=0; 7=0; 7?>=0; 95% PI 1.01-1.17;
P=.87; Figure S3.1 in Multimedia Appendix 1). The 95%
PI suggests a high likelihood that the intervention would
confer at least a small beneficial effect in future similar study
settings. The certainty of evidence was rated as low (Table
2). In contrast, other intervention types did not demonstrate
statistically significant effects (Figure S3.1 in Multimedia
Appendix 1).

Figure 3. Meta-analysis of viral suppression outcomes comparing intervention and control groups among people living with HIV. Boer et al (2022a)
and Boer et al (2022b), as well as Haberer et al (2016a) and Haberer et al (2016b), refer to different intervention arms from the same study
[12,17-19,42,45-47,52,54,55,57,58,60,67,70,73,78.,80,81,83,86,91-93,95 97].

Study Treat Control Risk Ratio [95% CI]
event all event all Weight

Abiodun et al (2021) 63 105 46 104 A 1.36% 1.36[1.04, 1.77]
Amico et al (2022) 15 43 16 45 t 1l 0.32% 0.98[0.56, 1.73]
Aunon et al (2021) 35 51 35 54 P 1.32% 1.06[0.81, 1.39]
Belzer et al (2014) 5 14 1 17 t 0.03% 6.07 [0.80, 46.10]
Boer et al (2022a) 53 77 26 37.5 e 1.41% 0.99[0.77, 1.29]
Boer et al (2022b) 51 73 26 37.5 )—-—| 1.41% 1.01[0.78, 1.31]
Byonanebye et al (2021) 195 241 213 258 [ 8.37% 0.98[0.90, 1.06]
Christopoulos et al (2018) 25 34 27 35 e 1.32% 0.95[0.73, 1.25]
DiPrete et al (2019) 77 128 76 125 —e— 2.29% 0.99[0.81, 1.21]
Ellsworth et al (2020) 14 24 12 26 k - 1l 0.35% 1.26 [0.74, 2.16]
Fayorsey et al (2016) 84 170 69 170 [ — 1.68% 1.22[0.96, 1.54]
Garofalo et al (2016) 16 20 13 23 - 0.57% 1.42[0.93, 2.15]
Haberer et al (2016a) 15 20 9.5 10.5 P—'—( 0.96% 0.83[0.60, 1.14]
Haberer et al (2016b) 20 21 9.5 10.5 — 1.95% 1.05[0.85, 1.31]
Kalichman et al (2016) 104 150 108 149 —a— 3.90% 0.96[0.83, 1.11]
Kalichman et al (2022) 54 77 54 80 }—-—1 2.08% 1.04[0.84, 1.28]
Kiruthu-Kamamia et al (2025) 154 158 150 161 HH 13.19% 1.05[1.00, 1.10]
Lester et al (2010) 156 273 128 265 —= 3.28% 1.18[1.01, 1.39]
Lewis et al (2022) 149 368 142 372 —=— 2.76% 1.06[0.89, 1.27]
Liu et al (2022) 36 43 36 53 —— 1.82% 1.23[0.98, 1.55]
Orrell et al (2015) 75 86 80 96 - 5.17% 1.05[0.93, 1.18]
Ramsey et al (2021) 24 27 21 26 - 1.77% 1.10[0.87, 1.39]
Ruel et al (2023) 643 731 555 694 M 13.67% 1.10[1.05, 1.15]
Saberi et al (2021) 16 17 14 17 — 1.52% 1.14[0.89, 1.47]
Sabin et al (2015) 58 62 54 55 |—.—| 9.39% 0.95[0.88, 1.03]
Schnall et al (2025) 79 106 89 116 —a— 3.71% 0.97[0.84, 1.13]
Sherman et al (2020) 36 45 36 49 e 1.88% 1.09[0.87, 1.36]
Shet et al (2014) 266 315 267 316 HH 10.41% 1.00[0.93, 1.07]
Uzma et al (2011) 29 34 28 34 —— 2.11% 1.04[0.84, 1.28]

Random-Effects Model (HKSJ) ‘ 100% 1.04 [1.01, 1.07]

Prediction interval: [0.96, 1.13]

Test for overall effect: Z=2.53 (P = 0.0173)
Heterogeneity: t2=0.001; Q = 35.82, df = 28 (P = 0.147); I? = 24.7%
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A total of 11 studies reported end-of-study CD4* cell counts.
The pooled analysis showed no significant difference between
DHIs and SOC (Figure S4 in Multimedia Appendix 1). The
cumulative Z-curve crossed the conventional boundary but
did not reach the RIS, indicating that the current evidence
remains inconclusive (Figure S2.2 in Multimedia Appendix

1.
Treatment Adherence

A total of 23 studies reported subjective adherence out-
comes. The pooled results showed that, compared with SOC,
DHIs significantly improved subjective adherence, with low
certainty of evidence (RR 1.13, 95% CI 1.04-1.23), and
the PI (0.82-1.57) suggests considerable variability in future

Liu et al

outcomes. Significant heterogeneity was found (P’=78.5%,
P<.001), and the heterogeneity was substantial (7=0.152;
2=0.023; Figure 4; Table 2). TSA indicated that the
cumulative Z-curve crossed both the conventional boundary
and the TSA monitoring boundary before reaching the RIS
and remained beyond the boundary thereafter, suggesting that
the evidence was sufficient and statistically robust (Figure
S2.3 in Multimedia Appendix 1). Subgroup analyses showed
that SMS was significantly associated with improvements in
subjective adherence (RR 1.23,95% CI 1.09-1.38; P=737%;
7=0.148; 72=0.022; PI 0.86-1.75; P<.001), whereas other
intervention types did not demonstrate statistically significant
effects (Figure S3.2 in Multimedia Appendix 1).

Figure 4. Meta-analysis of subjective adherence comparing intervention and control groups among people living with HIV [12,17,49,52,57,59,62,64,

66,69,71,80,82,83,88,89,91,93-96,98,99].

Study Treat Control Risk Ratio [95% CI]
event all event all Weight

Abdulrahman et al (2017) 107 121 59 121 —a— 5.09% 1.81[1.49, 2.20]
Abiodun et al (2021) 57 105 47 104 }—I—{ 3.91% 1.20[0.91, 1.58]
Abuogi et al (2022) 513 668 500 663 - 6.97% 1.02[0.96, 1.08]
Andrade-Romo et al (2024) 58 69 61 72 l—.—i 5.90% 0.99[0.86, 1.14]
Aunon et al (2021) 41 47 40 50 = 5.36% 1.09[0.91, 1.30]
Ayer et al (2021) 195 234 177 234 l—.—| 6.61% 1.10[1.00, 1.21]
Belzer et al (2014) 8 14 2 17 o — 0.32% 4.86[1.22, 19.28]
Boer et al (2022) 139 162 70 81 |—.—| 6.43% 0.99[0.89, 1.10]
Claborn et al (2014) 19 47 22 50 I—l—| 2.09% 0.92[0.58, 1.47]
Costa et al (2012) 8 8 11 13 }——I—{ 3.70% 1.15[0.86, 1.54]
Ellsworth et al (2020) 6 24 6 26 -4 { 0.60% 1.08[0.40, 2.90]
Garofalo et al (2016) 26 43 25 49 }—.—1 2.88% 1.19[0.82, 1.71]
Guo et al (2018) 24 26 26 27 }—.—1 6.04% 0.96[0.84, 1.10]
Jiao et al (2022) 239 288 205 288 : - 6.64% 1.17[1.07, 1.28]
Kim et al (2019) 104 142 138 156 . 6.32% 0.83[0.74, 0.93]
Lester et al (2010) 168 273 132 265 R 5.73% 1.24[1.06, 1.44]
Lizarraga et al (2019) 60 82 39 84 R 4.05% 1.58[1.21, 2.05]
Mbuagbaw et al (2012) 72 101 66 99 —— 5.21% 1.07[0.89, 1.29]
Moore et al (2012) 15 25 11 25 } : | 1.66% 1.36[0.79, 2.35]
Ruan et al (2017) 42 47 34 47 —a— 4.95% 1.24[1.01, 1.51]
Saberi et al (2021) 8 17 5 17 [ 0.72% 1.60[0.66, 3.91]
Simoni et al (2009) 60 110 50 114 )—I—| 3.99% 1.24[0.95, 1.63]
Uzma et al (2011) 30 34 27 34 —a— 4.83% 1.11[0.90, 1.37]

Random-Effects Model (HKSJ) ‘o 100% 1.13[1.04, 1.23]

Prediction interval
Test for overall effect: Z = 3.04 (P = 0.00607)

Heterogeneity: 2= 0.023; Q = 82.56, df = 22 (P = <0.001); I* = 78.5%

A total of 10 studies reported objective adherence out-
comes (Figure S5 in Multimedia Appendix 1). The pooled
meta-analysis showed no statistically significant difference
between DHIs and SOC, with very low certainty of evi-
dence. Subgroup analyses indicated no statistically significant
differences among different types of interventions (Figure
S3.3 in Multimedia Appendix 1)

Retention

A total of 33 studies reported retention outcomes. The
pooled meta-analysis indicated that DHIs were associated
with higher retention compared with SOC (RR 1.06, 95% CI
1.01-1.12). Substantial heterogeneity was observed (7=0.130;
72=0.017; P=88.3%; P<.001). However, the certainty of

https://www jmir.org/2026/1/e81019

—_— [0.82, 1.57]
Favours control Favours intervention
[ T 1

0.5 1 3

Risk Ratio (log scale)

evidence was rated as very low, and the PI (0.81-1.39)
crossed the null, suggesting considerable variability in the
potential effects across settings (Figures S3.4 and S6 in
Multimedia Appendix 1). TSA showed that the cumulative
Z-curve remained within the monitoring boundaries and
entered the futility area before reaching the RIS, suggest-
ing that the observed positive effect may not be robust
(Figure S2.5 in Multimedia Appendix 1). Subgroup analy-
ses indicated no statistically significant differences among
different types of interventions (Figure S3.4 in Multimedia
Appendix 1).
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Sensitivity Analysis and Publication Bias

Leave-one-out sensitivity analyses indicated that the pooled
estimates for viral suppression, subjective adherence, and
retention were relatively robust, whereas the results for
objective adherence and CD4* cell counts were less sta-
ble (Table S2 in Multimedia Appendix 1). Funnel plots
for viral suppression, retention, and subjective adherence
appeared largely symmetrical (Figure S7 in Multimedia
Appendix 1). Egger test suggested potential small-study
effects for objective adherence and CD4* cell count out-
comes, whereas no such effects were detected for the other
outcomes. Trim-and-fill analyses showed that the pooled
effect estimate for CD4" cell counts remained stable after
adjustment, suggesting a limited impact of publication bias.
In contrast, the pooled estimate for objective adherence
changed substantially after adjustment, indicating the possible
presence of publication bias and reduced robustness of this
outcome.

Liuetal

Network Meta-Analysis for Viral
Suppression

A total of 27 studies were included in the network meta-anal-
ysis of viral suppression (Figure 5). The league table showed
that mobile apps, multiple digital interventions, and SMS
text were significantly more effective than SOC in improving
viral suppression. No statistically significant differences were
observed between the other intervention types. According to
the SUCRA rankings, the interventions were ordered from
most to least effective as follows: phone call (69.6%), SMS
text (69.1%), multiple digital interventions (68.9%), mobile
apps (59.1%), multimedia education (45.8%), SOC (19.6%),
and adherence monitoring devices (18.0%). However, the Pls
for all comparisons versus SOC crossed the line of no effect
(Figure 5).

Figure 5. Network meta-analysis of viral suppression. (A) Network plot showing the direct comparisons among intervention categories; node size
reflects the amount of evidence for each intervention, and edge thickness reflects the number of direct comparisons. (B) League table presenting the
relative treatment effects between interventions estimated from the network shown in part A. (C) Prediction intervals for each intervention compared

with standard of care, based on the same network meta-analysis.

Adherence monitoring devices

Multimedia education

bndard of care

Multiple digital intervention®

Phone call

B

pl pu
:Adherence monitoring devices :0.8245324 2 14977
Mobile app 0.7841526  2.121582
Multimedia education 0.7801951 1.900269
Multiple digital interventions 0.8116479 2.178541
Phone call 0.6473759 2.030644
SMS 0.296972 1543533

Standard of care

1.01(0.93 to 1.10)
0.95 (0.90 to 0.99)
0.98 (0.72 to 1.31)
0.94 (0.89 to 0.99)

0.93 (0.84 10 1.03)

0.94 (0.88 t0 0.99)

Adherence
monitoring devices

0.94 (0.85t0 1.03)

0.96 (0.71 to 1.31)

0.93 (0.84 to 1.02)

0.92 (0.81 to 1.05)

1.05 (1.01 to L.11)

Mobile app
1.03 (0.76 to 1.39)
0.99 (0.93 to 1.05)

0.98 (0.87 to 1.10)

[Multimedia
leducation

0.96 (0.71 to 1.30)

0.95(0.72 to 1.26)

1.06 (1.01 to 1.12) 1.06 (1.01 to 1.14)

Multiple digital
interventions

0.99(088to 1.11) Phone call

0.92(0.84 t0 1.02)  0.99 (0.92 to 1.06)

Discussion

Principal Findings

This systematic review offers an updated and comprehen-
sive synthesis of randomized evidence on DHIs for improv-
ing ART outcomes in people living with HIV, addressing
important gaps in previous studies. Overall, DHIs were
associated with modest improvements in adherence, viral

https://www jmir.org/2026/1/e81019

0.96 (0.71 to 1.29)

1.00(0.93to 1.08) [LO1(0.91to L.11) SMS

suppression, and retention in care, while no clear effect was
observed for CD4* cell counts. Importantly, PIs consistently
crossed the null, highlighting substantial variability in effects
across settings. These findings indicate that the benefits of
DHIs are neither uniform nor guaranteed, and their effective-
ness likely depends on contextual and implementation factors.

Previous systematic reviews have primarily focused
on the impact of DHIs on adherence, with recent meta-
analyses reporting that DHIs significantly improve ART
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adherence [20-22]. In contrast, our study distinguished
between subjective and objective adherence measures and
identified notable differences between them. Improvements
were observed in subjective adherence, which may reflect
the behavioral mechanisms underlying interventions such as
SMS reminders that provide timely prompts and reinforce-
ment [100,101]. Although TSA suggested that the cumulative
evidence reached statistical sufficiency, the wide PIs indicate
considerable variability across implementation contexts. This
finding is consistent with behavioral theory, where interven-
tion effects are influenced not only by the intervention itself
but also by individual and contextual factors [102,103].
In contrast, no statistically significant effect was observed
for objective adherence, and the available evidence remains
insufficient. In addition, we identified evidence of small-
study effects, an issue not commonly reported in previous
reviews. Sensitivity analyses suggested that the results were
not robust, and trim-and-fill analyses further indicated the
potential presence of such effects. These findings suggest
that, when assessed using more stringent objective measures,
the effectiveness of DHIs remains uncertain and warrants
cautious interpretation.

Viral suppression is one of the most important clinical
outcomes in HIV management [5]. In this systematic review,
DHIs showed a trend toward improving viral suppression.
Although TSA indicated that the cumulative evidence may
be statistically sufficient, the certainty of evidence was
rated as very low using GRADE, and the wide PIs fur-
ther support the overall interpretation that, while potential
benefits exist, their reliability and generalizability remain
uncertain. Moreover, viral suppression is influenced not only
by adherence but also by biological and measurement-related
factors [104,105], which may contribute to variability in viral
load assessments and partly explain why improvements in
adherence do not consistently translate into virologic benefits
across studies [104]. Contrary to our expectations, very low
certainty evidence indicated no significant effect of DHIs on
CD47* cell counts. This may be explained by the fact that
CD4" recovery is a relatively slow and biologically complex
process, primarily determined by ART efficacy, baseline
immune status, and treatment duration, rather than short-
term behavioral interventions alone [105,106]. In addition,
compared with adherence or viral suppression, CD4* counts
are less sensitive to short-term changes and typically require
longer follow-up to detect clinically meaningful differences
[105]. Variations in assessment timing, laboratory meth-
ods, and baseline CD4" levels across studies may further
increase heterogeneity and reduce the ability to detect
consistent effects [106,107]. Therefore, although DHIs may
improve adherence, the translation of behavioral changes
into immunological recovery is neither immediate nor linear,
which may attenuate observable effects on CD4* outcomes
[105].

DHIs were also associated with a modest improvement
in retention; however, the certainty of evidence was very
low. The wide PIs and TSA findings suggest that this effect
is not robust. Retention in care is influenced by multiple
structural and social factors, including transportation barriers,

https://www jmir.org/2026/1/e81019

Liuetal

stigma, health care accessibility, financial constraints, and
psychosocial support [108-112]. DHIs may address some of
these barriers but are unlikely to fully overcome them when
implemented in isolation, which may explain the limited
magnitude and uncertainty of the observed effect [109].

Substantial heterogeneity was observed across included
studies. One likely source is the broad inclusion of diverse
DHI types, ranging from simple interventions such as
SMS text reminders to more complex, multicomponent
strategies [12,19,42,75,97,99]. Although subgroup analyses
were conducted by intervention type, significant heteroge-
neity persisted within subgroups. The findings suggested
that multicomponent DHIs were associated with improve-
ments in viral suppression, whereas SMS-based interventions
were linked to improvements in subjective adherence. This
pattern may reflect differences in mechanisms of action—
SMS interventions are simple, scalable, and effective in
supporting medication-taking behavior [12], while multi-
component interventions address multiple aspects of care,
including reminders, monitoring, education, and patient-pro-
vider communication, and may therefore be more likely
to influence complex clinical outcomes [44]. However,
tests for subgroup differences were not statistically signifi-
cant, and these findings should not be interpreted as evi-
dence of superiority. Importantly, comparisons across trials
do not reflect random allocation between different DHI
types, limiting causal inference. Observed subgroup effects
may instead reflect differences in populations, intervention
intensity, comparators, or duration. Furthermore, the wide
PIs for all major outcomes, consistently crossing the null,
indicate that the effectiveness of DHIs in future settings may
range from no benefit or even harm to meaningful improve-
ment. This underscores that the same intervention may not be
equally effective for all patients, and clinical decision-mak-
ing should consider individual patient characteristics. Future
research should aim to identify which DHI strategies are most
effective for specific populations.

Network meta-analysis of viral suppression yielded results
that were not fully consistent with those of the pairwise
meta-analysis. While the network analysis suggested that
SMS and mobile app interventions were superior to stand-
ard care, these differences were not consistently observed
in pairwise comparisons. This discrepancy likely reflects
differences in analytical frameworks, as pairwise meta-analy-
sis relies solely on direct comparisons [31], whereas network
meta-analysis integrates both direct and indirect evidence
[31]. In the presence of limited head-to-head trials, sparse
networks, and substantial heterogeneity, the stability of
network estimates may be reduced [113]. Moreover, PI for all
comparisons crossed the line of no effect, indicating that the
ranking of interventions should not be interpreted as evidence
of a clear and robust advantage of any specific DHI type.

Comparison With Previous Systematic
Reviews
Our findings are broadly consistent with previous meta-analy-

ses showing that DHIs are associated with improvements in
adherence and viral suppression [20-23], and we additionally
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observed a potential benefit in retention in care. Compared
with earlier studies, this systematic review has several
strengths. First, it integrates multiple analytical approaches,
including pairwise meta-analysis, network meta-analysis,
TSA, and PI, allowing for a more comprehensive assessment
of both effect size and robustness. Second, it includes a larger
and more up-to-date body of RCT evidence across diverse
DHI types and outcomes. Third, unlike previous studies
that focused on single interventions or relied primarily on
CIs, this systematic review explicitly accounts for heteroge-
neity and real-world uncertainty, providing a more nuanced
and clinically relevant interpretation of the findings [20-24].
These features enhance the methodological rigor, compre-
hensiveness, and applicability of the evidence. In line with
these methodological advantages, the network meta-anal-
ysis further enabled comparisons across different DHIs.
Interestingly, interventions involving electronic adherence
monitoring devices did not demonstrate clear advantages
for key clinical outcomes such as viral suppression. Simi-
lar observations have been reported in previous systematic
reviews, suggesting that passive monitoring alone may be
insufficient to produce substantial improvements in clinical
outcomes [114]. Therefore, combining monitoring technolo-
gies with active behavioral interventions may represent a
more effective strategy.

Nevertheless, the overall certainty of evidence ranged
from low to very low for most outcomes. While DHIs may
offer some benefits, the current evidence remains insuffi-
cient to support definitive conclusions. Variability in study
quality, sample size, and methodology likely contributes to
this uncertainty and highlights the need for more robust and
well-designed trials. Accordingly, these findings should be
interpreted with caution, as future research may alter the
current understanding of DHI effectiveness.

Limitations

Several limitations should be considered when interpreting
the findings of this review. First, the methodological quality
of the included studies varied substantially, and a considera-
ble proportion of trials were judged to have some concerns or
a high risk of bias, which may have influenced the pooled
estimates. Second, substantial clinical and methodological
heterogeneity existed across the included studies, including
differences in intervention types, population characteristics,
and treatment-era policies. These factors may influence the
real-world effectiveness of DHIs. Because the reporting of
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intervention details and study-level variables was not fully
consistent across studies, more detailed exploratory analyses
were not performed. Future studies with more standardized
reporting of intervention characteristics and study designs
would help further investigate potential sources of heteroge-
neity. Third, potential small-study effects were detected in the
analysis of objective adherence outcomes, and trim-and-fill
adjustments suggested the possible presence of publication
bias. Fourth, although the classification framework included
multiple types of digital interventions, only a subset was
supported by a relatively large number of RCTs. Other
categories, such as mobile app interventions, were represen-
ted by fewer studies, limiting the certainty of evidence for
these DHIs. Fifth, studies involving multiple digital com-
ponents were grouped into a single category of multiple
digital interventions, which may have introduced additional
clinical heterogeneity and potentially obscured differences
among specific intervention components. Sixth, this review
included only RCTs. While this approach strengthens internal
validity, it may limit the inclusion of real-world implementa-
tion evidence [115,116], which is particularly important for
DHIs deployed in routine care settings. Finally, evidence
from Asia and Europe was relatively limited.

Conclusions

This systematic review integrates the most recent RCTs and
provides a comprehensive evaluation of the effects of DHIs
on both behavioral and clinical outcomes in people living
with HIV, differing from previous systematic reviews that
primarily focused on single intervention types or limited
outcome measures. Compared with standard care, DHIs were
associated with improvements in viral suppression, treatment
adherence, and retention, but showed no significant effect
on CD4* cell counts. These findings support the potential
role of DHIs as nonpharmacological interventions for people
living with HIV. This systematic review provides a compre-
hensive evidence base that may inform the design of future
research and guide the cautious implementation of DHIs
in clinical practice. However, the real-world applicability
of these findings remains uncertain. The wide 95% PIs,
together with potential risk of bias, small-study effects, and
low to very low certainty of evidence based on GRADE,
suggest substantial variability in effectiveness. Therefore,
these results should be interpreted with caution, and further
well-designed, high-quality studies are warranted.
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