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Background: Good adherence to pre-exposure prophylaxis (PrEP) is critical 
for effective HIV prevention. Despite the growing awareness of PrEP, many 
individuals remain at a preliminary understanding stage and struggle to achieve 
sustained adherence. mHealth (mobile Health) technology is emerging as 
one of the promising tools in the HIV prevention cascade. While research on 
mHealth applications for HIV prevention is rapidly advancing, their effectiveness 
in promoting robust PrEP adherence and optimizing cascade outcomes remains 
inconclusive, with fragmented evidence limiting scalable implementation.

Objective: To evaluate the efficacy of mHealth tools in optimizing the HIV 
prevention cascade (from risk identification to PrEP adherence) among key 
populations (including men who have sex with men, bisexual individuals, sex 
workers, transgender populations and some other groups who at elevated risk 
of HIV acquisition).

Methods: We searched in PubMed, Cochrane Library, Web of Science, Embase, 
Ovid and CINAHL (EBSCO) from the inception to February 3, 2025. Our inclusion 
criteria focused on randomized controlled trials (RCTs). Literature screening and 
data extraction were performed independently by two authors. Methodological 
quality was assessed using Cochrane’s Risk of Bias in Randomized Controlled 
Trials tool. The primary outcome was adherence to PrEP and secondary 
outcomes included PrEP use, HIV testing and number of condomless sex events. 
Analyses were performed using standardized mean difference (SMD) and 95% 
confidence interval (CI) for continuous variables and using odds ratios (OR) and 
95% CI for categorical variables. Data analysis and forest plotting were carried 
out using R Statistical Software version 4.4.0.

Results: 16 RCT studies met the inclusion criteria. The results of the meta-
analysis showed that mHealth interventions significantly promoted PrEP 
adherence (OR = 1.60, 95% CI [1.09, 2.35], 𝑝 = 0.016) and HIV testing (OR = 1.63, 
95% CI [1.39, 1.90], 𝑝 < 0.01). It had also shown some effectiveness in promoting 
the use of PrEP. However, there were no significant effects on reducing the 
number of condomless sex events during the entire follow-up period.

Conclusion: mHealth effectively enhances specific stages of the prevention 
cascade. However, further optimization of technology design and intervention 
is needed to address complex difficulties.
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1 Introduction

The spread of HIV is still a serious global public health crisis, 
with persistent epidemiological disparities concentrated among key 
populations. HIV incidence among key populations, including men 
who have sex with men, sex workers, injection drug users, 
transgender people and some other groups, remains at high levels 
compared with the general population (1). Pre-exposure 
prophylaxis (PrEP) is an effective HIV prevention strategy that 
refers to the use of antiretroviral drugs by HIV negative individuals 
to prevent HIV infection. Surveillance data showing low coverage 
of PrEP prevention services for key populations globally in 2023 
and UNAIDS is calling for greater investment in HIV prevention 
and social promotion programs, expanding the scale of PrEP as an 
effective HIV prevention measure (2). Tenofovir Disoproxil 
Fumarate/Emtricitabine (TDF/FTC) are currently some of the most 
commonly used PrEP drugs. The iPrEx trial enrolled 2,499 
participants to evaluate the preventive efficacy of PrEP on 
HIV. Results demonstrated that daily oral PrEP (FTC-TDF) 
provided a 44% additional reduction in HIV acquisition risk among 
men who have sex with men and transgender women compared to 
the placebo group. Notably, participants with detectable study drug 
levels (indicating high adherence) exhibited a 92% lower risk of 
infection (95% CI, 40 to 99; p < 0.001). Currently, TDF and FTC 
have been approved in multiple countries (1, 2). Effective HIV 
prevention strategies are essential for controlling the spread of 
the virus.

There is now an increasing acceptance of the HIV prevention 
cascade as a framework for developing and implementing feasible 
prevention strategies (3). The HIV prevention cascade can improve 
monitoring, planning, and strengthen HIV prevention plans by 
identifying obstacles and inefficiencies in the HIV prevention 
process, integrating multiple perspectives (4). The cascade consists 
of three key stages: motivation, accessibility and effective use (5). 
Schaefer believes that individuals lacking risk perception may not 
have the motivation to enter the prevention cascade. Within this 
context, HIV testing is a critical entry point in the HIV prevention 
cascade. For example, HIV self-testing (HIVST) has been shown to 
improve early diagnosis, particularly among hard-to-reach 
populations. Studies have shown that the distribution of HIVST kits 
among men who have sex with men and transgender individuals can 
increase the number of tests by 1.7 and 0.82, respectively (6, 7). By 
enabling individuals to learn about their status in a private setting, 

test uptake is increased and adoption of prevention strategies is 
facilitated. After possessing motivation, interventions need to 
be  provided to increase accessibility by offering products, 
information, or programs to the population (8). Finally, the final step 
of the cascade is defined as the use required to achieve protection 
against HIV rather than avoidance of infection, such as PrEP and 
condom use, and can be any prevention method or combination of 
methods (5, 8). This article will focus on exploring the above content.

An HIV prevention cascade approach indicates that the coverage 
of prevention services can be  improved by targeting three key 
components: demand side interventions, supply side interventions 
and adherence interventions (4). For example, compliance 
interventions based on peer support and counseling support can 
effectively improve the coverage of prevention services. A meta-
analysis included 55 studies to explore the impact of providing 
positive counseling support on behavioral change in men who have 
sex with men, of which 33 studies used mHealth technology. The 
results showed that after receiving counseling support, 100% of 
participants exhibited a reduction in sexual risk behavior and 
approximately 27% started PrEP, indicating a positive impact of 
consistent support on the use of prevention strategies (9). However, 
substantial gaps remain in the effective use phase of the prevention 
cascade: despite the increase in PrEP use, 41% of the participants 
discontinued PrEP within 6 months and those who continued to use 
PrEP were unable to achieve good adherence, which will result in 
limited effectiveness of PrEP for prevention (10); and testing and 
counseling services continue to be insufficient-covered in resource-
constrained areas, where individuals do not receive expected testing 
services, which has a negative effect on HIV prevention (11).

The integration of mHealth technology into HIV care has come 
a long way with advances in technology. mHealth encompasses 
delivering health information and services via the Internet, wireless 
technology and various digital technologies, such as phone calls, 
text messages, emails, short videos, social media and wireless device 
(12, 13). Research indicates that mHealth has shown promising 
potential in improving adherence to antiretroviral therapy (ART) 
among person living with HIV (14, 15), reducing the risk of HIV 
transmission, as well as enhancing the quality of life of individuals. 
The integration of mHealth technology into interventions can 
increase users’ awareness of PrEP (16), assist in overcoming 
challenges to accessing and adhering to PrEP and enhance the 
ability to manage sexual health independently (17). Several scoping 
reviews have demonstrated the potential effectiveness and feasibility 
of mHealth for PrEP adherence (18, 19). However, to the best of our 
knowledge, there are few studies evaluating the impact of mHealth-
based interventions on the entire HIV prevention cascade. And 
based on the potential limitations of observational studies, we only 
included the results of randomized controlled trials. This study 
aimed to summarize the various forms and components of mHealth 
interventions and evaluate the impact on the effective use of HIV 
prevention methods among people at risk of acquiring HIV.

Abbreviations: PrEP, Pre-exposure prophylaxis; RCT, Randomized controlled trial; 

ART, Antiretroviral therapy; SMS, Short message service; IMB, Information-

motivation-behavioral skills; SoC, Standard of care; OR, Odds ratio; mHealth, 

mobile Health; MSM, Men who have sex with men; TGW, Transgender women; 

GBMSM, Bisexual and other men who have sex with men; CAS, Condomless anal 

sex; STI, Sexually transmitted disease.
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2 Methods

2.1 Search strategy

This study adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 guidelines (20). Two 
authors conducted a comprehensive search of the PubMed, Cochrane 
Library, Web of Science, Embase, Ovid, CINAHL (EBSCO) and China 
National Knowledge Infrastructure (CNKI) from inception to 
February 3, 2025 and the type of literature included was randomized 
controlled trials (RCTs) with no language restrictions. The main 
content of the search included: AIDS, mHealth interventions, 
pre-exposure prophylaxis, medication adherence, awareness, condom 
and HIV testing. We also manually retrieved and supplemented the 
list of relevant references without including literature such as 
conference abstracts and dissertations. Details of the electronic search 
strategy were shown in Supplementary material 1. The study was 
pre-registered in PROSPERO (CRD42024533772). All data were 
obtained from published articles and no ethical approval was required.

2.2 Selection criteria

The following quality criteria were developed in accordance with 
the PICOS principles.

2.2.1 Participants
There were no regional restrictions on the inclusion of the 

population. The eligible participants were required to 
be HIV-seronegative individuals at elevated risk of HIV acquisition, 
including men who have sex with men, bisexual individuals, sex 
workers, transgender populations and some other groups. People 
living with HIV were excluded.

2.2.2 Intervention
Interventions were defined as the provision of HIV prevention 

services through wireless technology or mobile devices, such as text 
messaging, phone calls, emails, videos, games, websites, social media 
and wireless equipment.

2.2.3 Comparison
Most of the control group received usual care. Some of the 

controls took the original study-defined waitlist or attention-
matched controls.

2.2.4 Outcome
The primary outcome was good adherence to PrEP, which was 

defined as dried blood spot (DBS) tenofovir diphosphate (TFV-DP) 
concentrations of > 700 fmol/punch or ≥ 4 days of PrEP use per week. 
Secondary outcomes included PrEP use, HIV testing behaviors and 
number of condomless sex events. PrEP use was defined as the 
proportion of people who used PrEP at least once based on any form 
of report during follow-up. HIV testing was defined as the proportion 
of participants who participated in HIV testing (at least once) during 
the follow-up period. All forms of PrEP medication included in this 
study were oral PrEP. Non-oral forms such as the Vaginal Ring for 
HIV Prophylaxis, Subdermal Implants and Long-Acting Injectable 
Pre-Exposure Prophylaxis (LAI-PrEP) were excluded. All outcome 

indicators were required to include at least short-term (12 weeks) or 
long-term (24 weeks) evaluations.

2.2.5 Study
All included studies were randomized controlled trials (RCTs).

2.3 Study selection and data extraction

Literature screening was performed using the literature 
management program EndNote X9 3.3. We excluded the following 
studies: duplicate publications, conference abstracts and articles for 
which full text or complete data were not available. Initial screening 
involved independent assessment of titles and abstracts by two authors 
based on eligibility criteria, with any discrepancies resolved through 
consultation with a third researcher. Data extraction utilized a 
predefined form in Microsoft Excel, capturing details including first 
author, publication year, country, patient demographics, sample size, 
intervention program overview, control group details and outcome 
indicators. If data were missing, we would attempt to contact the 
authors for details.

2.4 Quality assessment

Literature quality assessment was conducted independently by 
two researchers according to the Cochrane Handbook for Systematic 
Reviews of Interventions (21). Evaluations were made on seven 
areas: random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective reporting and other 
potential biases. Each area was rated as having a low, unclear or high 
risk of bias. Any disagreements were resolved through consultation 
with a third review panel member. The overall quality of evidence 
was appraised using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) system (22). The initial 
evidence quality of RCT was high-quality evidence. Possible factors 
that reduced the quality of evidence included: risk of bias, 
inconsistency, indirectness, imprecision and publication bias. After 
evaluation, the final level of evidence quality was divided into high, 
medium, low and very low.

2.5 Statistical analysis

The study population and intervention characteristics of each 
study were summarized in the form of textual descriptions, with 
summary results presented in tabular form. Meta-analyses, 
heterogeneity tests and sensitivity analyses were conducted using the 
“metafor” package in R Statistical Software version 4.4.0 (23). 
Continuous variables were combined using standardized mean 
difference (SMD) with a 95% confidence interval (CI). Categorical 
variables were analyzed by first combining outcome data and 
calculating the odds ratio (OR) with a 95% CI. Statistical heterogeneity 
between studies was assessed using the I2 statistic and Cochran’s Q 
Test; I2  ≤ 50% and p  > 0.1 indicated no significant heterogeneity, 
allowing the use of a fixed-effects model. Significant heterogeneity 
(I2 > 50% or p < 0.1) warranted the use of a random-effects model. 
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Subgroup analyses and meta-regression were not performed due to 
the limited number of included studies. All p-values were two-sided, 
with 𝑝 < 0.05 indicating statistical significance. In forest plots, each 
study was represented by a block, with its size intuitively indicating 
the study’s weight. This referred to the contribution of an individual 
study to the overall results, with studies having larger sample sizes 
assigned higher weights. Larger weights corresponded to greater 
impacts on the pooled effect.

3 Results

3.1 Search results

An initial search from 7 databases yielded 6,288 studies, 4,331 
studies were obtained after excluding 1,957 duplicates and 82 studies 
were obtained after reading titles and abstracts. 16 studies were finally 
included after reading the full text. Additionally, 6 studies were 
retrieved through citation searching, with no study meeting the 
inclusion criteria. A total of 16 studies were finally included and the 
detailed flowchart of the literature screening process is provided in 
Figure 1.

3.2 Study characteristics

A total of 16 studies involving 7,097 participants, all RCTs 
reported in English with publication dates between 2018 and 
2025. Study areas including the United States, Thailand, Kenya, 

China, South Africa, Zimbabwe and Mozambique were included 
in this meta-analysis. Detailed characteristics were shown in 
Table 1.

Among the 16 studies, mHealth interventions were in the form 
of text messages (5 studies), mobile applications (8 studies), games 
(1 study) and online websites (2 studies). The research was based 
on theories such as Behavioral theory (24), Information-
Motivation-Behavioral Skills Model (IMB) (25–30), Social cognitive 
theory (30, 31), Social learning theory (32) and cognitive-affective 
dual-process models (33). These interventions were classified into 
four categories based on the nature of the intervention: sending 
PrEP medication reminders (24, 25, 34, 35), setting up PrEP 
incentives (26), providing relevant HIV and PrEP knowledge (27, 
29–33, 36–38) and offering personalized PrEP guidance services 
(28, 36, 39).

Participants were all HIV-negative individuals including men who 
have sex with men (24–33, 35, 38, 39), transgender people (24, 26, 39), 
bisexuals (30, 31, 33), young women with limited access to sexual 
health resources (34, 36) and other groups (37). In an in-depth 
analysis of Sullivan’s (31) study, we observed differences in the study 
population in the data. In order to better parse the impact of the study 
on the conclusions, we decided to split the data from this literature 
into two parts for meta-analysis according to the study population: 
groups with low adherence to condom use or PrEP use (Represented 
by 2022a) and groups of adherent PrEP users (Represented by 2022b). 
In Biello’s (30) study, a three-arm control was used and two 
intervention measures were set up to compare with the control group. 
We will set the “Mychoice group” to “2025a” and the “LYNX group” to 
“2025b.”

FIGURE 1

PRISMA 2020 flow diagram.
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TABLE 1 The characteristics of included studies.

Author, 
publication 
year Country

Type of 
patients

Number of 
subject 

(intervention/
control)

Mean age 
of subject

Intervention group

Control
Outcome 
measuresName

Intervention 
introduction Theory Format Duration

Moore 2018 (24) America (1) (2) 398 (200/198) 35.2 iTAB Receive a personalized, two-way, 

fully automated text message based 

on SoCd.

Behavioral 

theory

Text message 48 weeks SoC ①

Liu 2019 (25) America (1) 121 (81/40) 24.2 PrEPmate Includes weekly “check-in” 

messages and customized text 

messages to send medication 

reminders.

IMB Text message 36 weeks SoC ①

Bauermeister 

2019 (33)

America (3) 180 (120/60) 21.5 myDEX The program comprises six 

sessions, encompassing diverse 

cognitive and emotional content 

domains, and provides access to 

relevant activities and videos.

cognitive-

affective dual-

process models

Mobile APP 12 weeks Attention-

matched 

control

②③

Njuguna 2019 

(36)

Kenya (4) 600 (300/300) 21 SMS Participants will receive 

information about HIV and 

reproductive health topics every 

week, and can also request other 

messages on the same topic, 

allowing them to browse menus on 

other topics.

- Text message 24 weeks SoC ③

Zhu 2019 (29) China (1) 100 (50/50) -c WeTest It provides users with information 

about the use and explanation of 

the HIVST test kit, as well as other 

information about HIV 

transmission, other STI risks, 

reducing behavioral risks, and the 

importance of regular HIV testing.

IMB Mobile APP 24 weeks SoC ③

Kaymarlin 2019 

(37)

South Africa, 

Zimbabwe and 

Mozambique

(5) 1,783 (960/823) -c SMS Participants received brief 

messages. It focuses on promoting 

the continuous use of condoms, 

reducing the number of sexual 

partners and advocating regular 

HIV testing.

- Text message 24 weeks SoC ③

(Continued)
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TABLE 1 (Continued)

Author, 
publication 
year Country

Type of 
patients

Number of 
subject 

(intervention/
control)

Mean age 
of subject

Intervention group

Control
Outcome 
measuresName

Intervention 
introduction Theory Format Duration

Songtaweesin 

2020 (26)

Thailand (1) (2) 200 (100/100) 18 APP+YFS Users can enter relevant data each 

week to calculate HIV risk values 

and receive rewards based on 

behaviors such as data entry and 

responding to follow-up calls.

IMB Mobile APP 24 weeks YFS ①

Haberer 2021 (34) Kenya (4) 348 (173/175) 21 MPYA Text messages will be sent every 

day in the first month. After 1 

month, participants can 

personalize the text message 

content and sending frequency.

- Text message 24 weeks SoC ②

Whiteley 2021 

(27)

America (1) 69a 25.1 ViralComba Learn about HIV and medications 

through games and scrolling 

messages to get information from 

health care providers.

IMB Game 24 weeks Attention-

matched 

control

①

Schnall 2022 (32) America (1) 763 (382/381) 16.2 MyPEEPS 

Mobile

Contains 21 online 

psychoeducation and skill-building 

modules to train participants in 

condom use, emotion regulation 

and communication skills, and 

prompts for improvement goals 

(building HIV knowledge, self-

awareness and self-efficacy).

Social learning 

theory

Mobile APP 12 weeks Waitlist ②③④

Sullivan 2022 (31) America (3) 837b -c M-cubed It provides participants with 

customized preventive services 

such as written and video 

messages, with regular push 

functionality.

Social cognitive 

theory

Mobile APP 12 weeks Waitlist ①②③

Lin 2023 (38) China (1) 935 (404/531) 26 Multilevel 

Intervention

Distribute digital materials and 

provide HIV self-testing service 

information through WeChat, and 

establish online groups to discuss 

HIV prevention.

- Mobile APP -c SoC ③

(Continued)
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TABLE 1 (Continued)

Author, 
publication 
year Country

Type of 
patients

Number of 
subject 

(intervention/
control)

Mean age 
of subject

Intervention group

Control
Outcome 
measuresName

Intervention 
introduction Theory Format Duration

Erenrich 2024 

(39)

America (1) (2) 229 (116/113) 23.7 PrEPTECH Provide online PrEP education, 

and obtain customized PrEP 

prescription guidance and regular 

testing services by filling out the 

medical questionnaire on the 

platform.

- Online website 24 weeks Soc ②④

Wray 2022 (35) America (1) 73 (37/36) 35.4 GAME PLAN A web- and SMS-based 

intervention with customizable 

plans to increase PrEP use, reduce 

condomless sex events and 

drinking, and set SMS reminders.

- Online Website 24 weeks Attention-

matched 

control

④

Horvath 2024 (28) America (1) 80 (40/40) 25.1 PrEP iT A smartphone-based program 

equipped with self-monitoring, 

dynamic information reporting, 

and expert consultation.

IMB Mobile APP 24 weeks Soc ①②

Biello 2025 (30) America (3) 381 (251/130) 22.4 Mychoice/

LYNX

“Mychoice: Recommend health 

information such as infographics, 

videos, educational resources and 

provide personalized HIV testing 

plans and PrEP./

LYNX: An app that can provide 

sexual diary, HIV or STI testing 

reminders; Order household HIV 

and STI testing kits, a PrEP 

information page, including a 

roadmap on how to obtain PrEP; 

Provide chat functions, etc.

Social cognitive 

theory/IMB

Mobile APP 24 weeks Soc ②③

Type of patients: (1) Men who have sex with men. (2) Transgender women. (3) Gay, bisexual and other men who have sex with men. (4) Young women. (5) Other groups at high risk of HIV acquisition. Outcome Measures: ① Good adherence to PrEP. ② PrEP use. ③ 
HIV testing. ④ Condomless sex events. aThe article did not specify the specific number of intervention and control groups and the randomization ratio. bThe article did not specify the specific number of intervention and control groups but only reported the 
randomization ratio. cNot reported. dStandard of care.
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3.3 Quality assessments of included studies

Five studies (24–26, 28, 39) did not report randomized sequence 
generation and four studies (26, 28, 36, 39) did not report allocation 
concealment, resulting in these studies being judged as having “some 
concerns” about selection bias. Based on the nature of the intervention, 
all studies were judged to be at “high risk” of not being able to blind 
participants and performers. Three studies (24, 25, 27) included 
blinding of outcome measures and were rated as having a “low risk” 
of bias. Due to an imbalance in the number and reasons for missing 
data between groups, a study (31) was rated as “high risk” in the field 
of “incomplete outcome data.” And one study (27) was rated as “some 
concerns” in the “incomplete outcome data” domain due to the lack 
of reporting on the reasons for participant dropout. All studies were 
rated as “low risk” in “selective reporting” and “other biases.” We used 
the “Rob” package to produce images for risk of bias assessment and 
methodological quality results were shown in Figure 2.

The quality of evidence for all outcome indicators in this study 
was assessed using the GRADE approach. The evidence quality was 
rated as moderate for good PrEP adherence, very low for PrEP use, 
low for HIV testing and moderate for condomless sex events. Detailed 
evaluation results were presented in Supplementary material 2, with 
footnotes identifying detailed reasons for downgrading. Downgrades 
occurred primarily due to issues with allocation concealment and 
unclear random sequence generation, with some studies further 
downgraded for high statistical heterogeneity or imprecision. No 
studies were downgraded due to indirectness.

3.4 Effects of mHealth on PrEP adherence

A total of seven studies (24–28, 31, 35) reported the results of 
mHealth interventions on PrEP good adherence, with n = 1,617 at 3 

months follow-up and n = 1,301 at 6 months follow-up. One study (31) 
used self-reported results, while other studies used the dry blood spot 
(DBS) concentration of tenofovir diphosphate (TFV-DP) at the visit as 
a measure of good adherence to PrEP. The results showed statistically 
low heterogeneity in all of them and the ORs were combined using a 
fixed-effects model. The detailed data were presented in the forest plots 
(Figure  3). We  found that the mHealth intervention significantly 
contributed to the development of good PrEP adherence among key 
populations, with statistically significant results at 3 months’ follow-up 
(OR = 1.59, 95% CI [1.14, 2.23], 𝑝 = 0.007) and at 6 months’ follow-up 
(OR = 1.6017, 95% CI [1.09, 2.35], 𝑝 = 0.016).

3.5 Effects of mHealth on HIV testing

Eight papers (29, 30, 33, 36–38) reported outcome indicators of 
HIV testing behavior. The analysis included 2,715 participants at the 
3-month assessment and 5,399 at the 6-month assessment. 
Heterogeneity was low at both stages (3-month: I2 = 0%, 𝑝 = 0.92; 
6-month: I2  = 26%, 𝑝 = 0.21), supporting the use of fixed-effects 
models. The results of mHealth on increasing HIV testing were as 
follows: compared to 3 months’ follow-up (OR = 1.19, 95% CI [0.95, 
1.48], 𝑝 = 0.13), the effect size showed a significant effect at 6 months 
(OR = 1.63, 95% CI [1.39, 1.90], 𝑝 < 0.01). This suggested that mHealth 
intervention may have some positive effects on promoting HIV testing 
behavior (Figure 4).

3.6 Effects of mHealth on PrEP use

Six studies (30–34, 39) reported the effect of mHealth 
interventions on PrEP use (Figure 5), with n = 2,357 at 3 months 
follow-up and n = 2,558 at 6 months follow-up.

FIGURE 2

Risk assessment of bias.
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Due to significant heterogeneity (I2 = 75%, 𝑝 < 0.01), a random-
effects model was used for analysis. The effect size odds ratio (OR) at 
3 months follow-up was 2.22 (95% CI [1.05, 4.71]). Because of the 
limited number of studies, meta-regression, subgroup analyses could 
not be performed to look for heterogeneity. However, we found some 
clinical heterogeneity. The specific reasons were outlined in the 
sensitivity analysis below and here we excluded Sullivan’s (31) data 
(Represented by 2022b) when analyzing the effect of six-month 
follow-up. The results indicated a high degree of heterogeneity 
(I2 = 63%, 𝑝 = 0.02) as before. Given the limited number of included 
studies (n = 5), subgroup analyses could not be conducted due to 
insufficient sample size. We analyzed the study area, study design and 
baseline characteristics of the sample, but were still unable to identify 
sources of heterogeneity. A random effects model was used to report 
the overall effect size, OR = 1.86 (95%CI [1.01, 3.41]).

3.7 Effects of mHealth on condomless sex 
events

We incorporated three studies (32, 35, 39) to compare the impact 
of mHealth interventions on condomless sex events with exactly 1,065 

participants included in each of the two follow-ups. At the three-
month follow-up, no heterogeneity was detected (I2 = 0%, 𝑝 = 0.41), 
so a fixed-effects model was used. Pooled results showed that there 
was no significant difference in the number of condomless sex events 
between the intervention and control groups in the short term 
(SMD = −0.12, 95% CI [−0.24, 0.01]). At 6 months follow-up, 
moderate statistical heterogeneity was detected between the study 
groups (I2 = 52%, 𝑝 = 0.12). Despite efforts, the source of heterogeneity 
could not be identified, and a random-effects model was applied. This 
showed an SMD = −0.16, (95% CI [−0.39, 0.07]), indicating no 
significant difference similarly between the groups at 6 months 
follow-up. Detailed results are presented in Figure 6.

3.8 Sensitivity analysis and publication bias 
analysis

Heterogeneity in both short-term outcomes and long-term 
outcomes of PrEP use was relatively high, so sensitivity analyses were 
performed (Figure  7). The results suggested that at 3 months of 
follow-up, groups of adherent PrEP users in Sullivan’s (31) study may 
have been the outlier study, and a source of heterogeneity.

FIGURE 3

Effects of mHealth on PrEP adherence.
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To explore potential sources of heterogeneity, we  compared 
sample characteristics, study designs and interventions. 
We  identified that some participants in Sullivan’s (31) study 
(Represented by 2022b) exhibited good preventive practices, 
meaning they used PrEP or condoms for all sexual activities in the 
past 3 months. This group (gay, bisexual and other men who have 
sex with men) already demonstrated high levels of HIV prevention 
awareness and consistent health behaviors at baseline, with more 
regular PrEP use compared to other participants. Therefore, there 
were reasonable grounds to believe that there was a considerable 
clinical heterogeneity between this group and the other study 
subjects. Re-performing the meta-analysis after excluding the 
sample from this group, the I2 value decreased to 0% and 𝑝 = 0.42. 
The combined OR = 3.38 (95%CI [1.95, 5.86], 𝑝 < 0.01), This 
suggested that the mHealth intervention significantly increased 
PrEP use among people who having a risk of exposure to HIV 
during the three-month follow-up period.

At the six-month follow-up, the sensitivity analysis suggested that 
Erenrich’s study (39) could be a source of heterogeneity. Due to the 
limited number of existing literature, subgroup analysis was not 
conducted in this study. Although we  compared factors such as 
participant type, age, intervention measures and outcome 
measurement methods, we  still could not determine a clear 
explanatory factor.

After re-evaluating the result by excluding this study, the effect 
size shifted from 1.86 (95%CI [1.01,3.41]) to 1.33 (95CI% [0.96, 
1.86]) with reduced heterogeneity (I2 = 0). Due to significant changes 
in the results of the remaining studies, our findings were unstable. It 
was worth noting that the exclusion of studies must be based on 
pre-set criteria and were only used for sensitivity analysis to evaluate 
the robustness of results, but should not be used as the primary basis 
for conclusions. Although there were potential signals of 
intervention effectiveness (OR = 1.86, 𝑝 = 0.046), high heterogeneity 
and limited number of studies hinder clear conclusions. mHealth 

FIGURE 4

Effects of mHealth on HIV testing.
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interventions showed a potential positive impact on improving the 
long-term effect of PrEP use. However there was a high degree of 
uncertainty. Future research should include more similar studies and 
larger-scale randomized controlled trials to further validate 
the findings.

We conducted a publication bias analysis on the results of PrEP 
adherence and reported the results using funnel plots (Figures 8, 9). 
According to the suggestion of Pustejovsky (40), it was beneficial to 
test the publication of biased and selective results. A modified Egger’s 
regression test (41), which substitutes standard errors with the square 
root of study sample sizes (robust across all proportional outcomes), 
was applied to PrEP adherence outcomes at different follow-up 
timepoints. No significant funnel plot asymmetry was detected (𝑝 = 
0.104, 𝑝 = 0.811).

The 3-parameter selection model (3PSM) was applied for 
validation, using the likelihood ratio test (LRT) to estimate the 
proportion of non-significant to significant results based on an alpha 
threshold (e.g., 0.05). A significant LRT result indicated selective 
reporting based on statistical significance. The analysis was performed 
using the “selmodel” function in the “metafor” package. 

Non-significant LRT results (p  = 0.128, p  = 0.064) were obtained, 
suggesting no statistically significant evidence of selective reporting.

The same methods were used to analyze the use of PrEP and HIV 
testing and no significant publication bias was found. However, as the 
statistical evidence did not reach conventional significance thresholds 
and the included studies were limited in number (k = 7), the statistical 
power might be  insufficient. It was recommended to verify this 
through large sample studies in the future.

4 Discussion

This meta-analysis included 16 randomized controlled trials with 
a total of 7,097 participants, investigating the impact of mHealth 
interventions on pre-exposure prophylaxis (PrEP) adherence and HIV 
prevention behaviors in people at risk of acquiring HIV. We found that 
the mHealth intervention had a significant impact on the development 
of good PrEP adherence and HIV testing among key populations. 
While mHealth interventions showed potential to promote PrEP use, 
their long-term effectiveness demonstrated significant instability. 

FIGURE 5

Effects of mHealth on PrEP use.
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FIGURE 6

Effects of mHealth on condomless sex events.

FIGURE 7

Sensitivity analysis.
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Furthermore, these mHealth interventions did not significantly reduce 
condomless sexual events. Given the very low or low certainty of some 
outcome evidence, further high-quality randomized controlled trials 
are needed to draw more reliable conclusions. Among the included 
studies, only one author (31) assessed PrEP adherence through self-
reporting, while nearly all studies relied on self-reported data to 
measure both PrEP use and condomless sex events. However, self-
reported outcomes may not accurately reflect reality due to potential 
recall bias and intentional misreporting (42, 43). This may also be the 
reason for the instability of the PrEP use results we  obtained. 
Currently, objective monitoring tools – such as pharmacy prescription 
tracking, pill counts and electronic drug monitors (EDMs) – exist but 
are rarely implemented in practice due to cost and time constraints. 
For the use of condoms, self-reported results may also be biased. 
We  recommend that it may be  worth researching how to more 
effectively evaluate the relevant results in the future.

The US Preventive Services Task Force (44) highlighted that high 
adherence to PrEP is vital for effectively reducing rates of acquiring 
HIV. Our research suggested the positive significance of mHealth in 
promoting users’ good adherence. Current interventions predominantly 
incorporate the Information-Motivation-Behavioral Skills (IMB) 
model to enhance adherence optimization through amplification of 
individual motivation (which is one of the three core areas of the HIV 
prevention cascade) to engage with PrEP and HIV prevention services 
(24, 25, 28, 34). At the same time, personalized online support and 
feedback are provided to adapt to individual daily behavior patterns, 
which increases user engagement and satisfaction (45, 46). However, 
these advancements face limitations: (1) Geographic disparities in 
prevention service accessibility. Although remote intervention 
increases users’ opportunities to access prevention services and 
knowledge, PrEP prevention services are limited in resource scarce 
areas; (2) Digital infrastructure deficits. Rural communities are 

FIGURE 8

The funnel plot of PrEP adherence at three month.

FIGURE 9

The funnel plot of PrEP adherence at six month.
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systematically excluded from online HIV services due to unreliable 
Internet connections. (3) Privacy and data security risks. Some online 
intervention platform may have insufficient data protection 
mechanisms, such as the storage and sharing of sensitive information; 
the lack of transparency in “which data are obtained” may undermine 
the credibility of the intervention and the continuous participation of 
users (47–49). Research shows that some online platforms that provide 
anonymous support and resources (50) reduce the psychological 
barriers to seeking help by enabling users to obtain professional advice 
and emotional support without having their identity. This anonymity 
reduces the fear of seeking help due to concerns about shame or 
privacy, thereby increasing the willingness to adopt preventive methods.

We found that mHealth intervention had a positive effect on HIV 
testing. This might be due to the continuous intervention to improve the 
awareness of HIV testing and self-management abilities among key 
populations through educational outreach (51, 52). In addition, certain 
mobile applications had built-in map features that gathered and showed 
the locations of HIV testing sites, which helped to alleviate the barrier 
of geographical accessibility (30). It was worth noting that a considerable 
part of the studies we included were conducted in the form of self-
examination, which had a great relationship with its convenience and 
privacy. Online platforms offered accessible channels to purchase or 
request self-test kits, coupled with streamlined user-friendly procedures, 
which promotes the popularity of self-test (29, 30, 38). Biello’s research 
obtained similar results with ours (52). The HIV testing kit provided by 
the mobile app showed the potential to increase the HIV testing rate of 
men who have sex with men. It found that most participants considered 
self-collection kits easily accessible and user-friendly through mobile 
apps. Crucially, they preferred self-collection over physician-
administered tests due to the privacy advantages. MacGowan found that 
participants using self-testing kits had an average testing frequency of 
5.2 times in the past 12 months, which was significantly higher than the 
1.5 times observed in the control group (53). Currently, an AI-powered 
mobile chatbot is under investigation, which provides real-time 
interactive guidance and counseling to offer HIVST services and health 
education to users (54). Future mHealth interventions need to pay more 
attention to increasing the coverage of testing services and promoting 
HIVST because HIV testing has become an important cornerstone of 
effective prevention strategies and a bridge to help HIV positive 
individuals enter the HIV treatment cascade as soon as possible (55).

The effectiveness of mHealth interventions in reducing the 
number of condomless sex events remains unclear. Bruns’ systematic 
review suggests that SMS interventions can increase the using of 
sexual health services, but the impact on sexual behavior could not 
be assessed (56). This may be related to the fact that few studies have 
reported primary outcomes associated with a reduction in risky sexual 
behavior. Our findings were not shown to be  significant and it is 
speculated that this may be due to the fact that mHealth interventions 
have limitations in messaging and are too simplistic in content to 
allow for sufficiently in-depth guided behaviors. Further high-quality 
studies are needed in the future to evaluate this outcome.

5 Comparison with prior work

Few studies have thoroughly assessed the outcomes of mHealth 
interventions on promoting good PrEP adherence. Due to the limited 
availability of relevant studies, most reviews have summarized existing 

research. Ronen’s study reviewed various digital health platforms in HIV 
prevention, suggesting their unique potential to influence health 
behaviors, but the evidence is limited (57). Cao summarized a number 
of studies and concluded that mHealth interventions offer useful STI 
and HIV services, with favorable impacts on PrEP interventions (58). A 
meta-analysis of gamified interventions explored their effects on PrEP 
adherence and condomless sex (CAS) (18), finding that while gamified 
interventions did not significantly impact PrEP adherence, but reduce 
the incidence of condomless sex. The results of this study provide some 
evidence that mHealth interventions can promote good adherence and 
achieve better prevention outcomes among people at risk of acquiring 
HIV. Additional randomized controlled trials are required to confirm 
the generalizability of our results in diverse populations and settings.

6 Limitations

There are some limitations to this paper. Our sample predominantly 
consisted of individuals aged 18–29 years and the impact of the 
intervention on older age groups remains unknown. Most studies 
focused on male participants, with limited representation of women 
across the evidence base. The majority of research was conducted in 
the United States, potentially limiting global generalizability due to 
geographic bias. Variations in mHealth interventions, including their 
forms, theoretical foundations and delivery methods, may have 
influenced the evidence outcomes. Due to the nature of the 
interventions, it is not yet possible to eliminate some risk of bias. The 
significant heterogeneity observed across included studies may 
introduce instability to the pooled estimates. The inability to identify 
specific sources of this variation, potentially stemming from 
unmeasured methodological or contextual differences, precludes 
definitive conclusions about the robustness of the statistically 
significant findings. Future trials should adopt a more rigorous 
approach, particularly in terms of reducing allocation concealment, 
intervention implementation and outcome assessment bias. Limitations 
exist due to the small size of the studies, unexplained heterogeneity in 
some outcome indicators and insufficient data for in-depth analyses. 
The quality of evidence for this review was graded as moderate, low or 
very low with incomplete conclusions that need to be interpreted with 
caution. Additional studies are needed to further confirm our results.

Currently, long-acting injectable PrEP (LAI-PrEP) has been 
approved by the US Food and Drug Administration in 2021 (59). 
Compared to oral PrEP, LAI-PrEP has enormous potential in the field 
of HIV prevention due to its convenience, confidentiality and other 
advantages. Research shows that there is a great willingness among 
men who have sex with men, person who uses drugs and some women 
to use LAI-PrEP in the future (60–62). At present, there is relatively 
little research on integrating the mHealth platform with LAI-PrEP. In 
the future, attention can be paid to remote efficacy testing through 
dynamic drug metabolism data and a series of technologies such as 
intelligent reminder systems can be combined to achieve efficient 
compliance management.

7 Conclusion

This study indicates that mHealth technology has a significant 
impact on the formation of good PrEP compliance in key populations 
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and to some extent optimizes the “effective use” stage of HIV 
prevention cascade.
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