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Abstract

Background: Although highly effective HIV pre-exposure prophylaxis (PrEP) is available, its usage and adherence among
young men who have sex with men and young transgender women remain low, reducing its overall effectiveness. The study
included a 3-arm randomized clinical trial of Prepared, Protected, emPowered (P3), a comprehensive PrEP adherence digital
health intervention, compared to an enhanced version, P3+, which incorporates in-app adherence coaching.

Objective: This study aims to analyze data from study participants in the P3/P3+ intervention arms to understand how
different levels of user engagement with the app’s features were associated with adherence to PrEP as well as the costs of each
intervention and their relative cost-effectiveness.

Methods: Descriptive statistics for study variables at baseline were calculated. To examine the differences in intervention
engagement and acceptability by arm, independent samples 2-tailed ¢ tests for continuous variables and a chi-square analysis
for categorical variables were conducted. To examine the effect of arm and engagement categories on PrEP adherence at 3
months, three logistic regression analyses were conducted: (1) the effect of arm on PrEP adherence, (2) the effect of predefined
engagement categories (high vs moderate and low) on PrEP adherence, and (3) the interaction effect of arm and predefined
engagement categories on PrEP adherence, along with the main effects of arm and predefined engagement categories.
The study team calculated the average cost per participant and the incremental cost-effectiveness for PrEP adherence and
engagement measures.

Results: A total of 163 participants were randomized to the P3 intervention (82 to the P3 arm and 81 to the P3+ arm).
Participants in the P3+ arm earned higher incentives (US $90.6 vs $75.4; P=.04), had more app log-ins (96.6 vs 76.1; P=.01),
used the app on more days (63.3 d vs 53.2 d; P=.04), and spent more time in the intervention (378.8 min vs 186.66 min;
P<.001) compared to those in the P3 arm. There was no significant association between intervention arm and PrEP adherence
at 3 months (P=.99). Engagement category (high vs moderate or low) was significantly associated with PrEP adherence at 3
months (P=.003). The overall average total monthly cost of P3 was US $1118 (SD $305.1). Average total monthly cost per P3
participant was $280 (SD $118.5), with an additional cost for P3+ of $72.

Conclusions: This study highlights the critical role of user engagement in enhancing PrEP adherence among young individu-
als at high risk for HIV. While the P3+ intervention led to increased engagement, this did not translate into significantly better
adherence compared to the standard P3 arm. This, coupled with the increased cost and complexity of P3+ delivery, indicates
that further studies are necessary to determine whether this intensified intervention is the appropriate fit.

Trial Registration: ClinicalTrials.gov NCT03320512; https://clinicaltrials.gov/study/NCT03320512
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Introduction

The introduction of pre-exposure prophylaxis (PrEP) has
been a groundbreaking advancement in the drive to eliminate
HIV [1]. Despite its efficacy, the overall impact of PrEP
is heavily influenced by adherence levels among users [2].
High adherence to PrEP is crucial for its effectiveness in
preventing HIV infection, yet PrEP adherence over time is
poor, particularly among youth [3.4]. To reap the potential
benefits, interventions for young men who have sex with men
and young transgender women who are disproportionately
impacted by HIV in the United States that can enhance and
maintain PrEP adherence over time are needed [5,6].

In recent years, digital health interventions (DHIs) have
emerged as promising tools in promoting health behaviors,
including medication adherence [7]. These interventions offer
innovative ways to engage users, provide information, and
support adherence through interactive and personalized digital
platforms. Engagement in DHIs has been shown to play a
critical role in their efficacy in supporting behavior change
across a variety of health domains [8-11]. Research has
consistently demonstrated that increased user interaction with
digital platforms is associated with improved outcomes,
particularly in the context of HIV prevention and care [12-
15].

The mechanisms through which engagement enhances
efficacy are multifaceted. Active participation in DHIs can
lead to increased knowledge, stronger motivation, and better
self-management skills among users [16-18]. These inter-
ventions often use reminders, motivational messages, and
educational content, which help sustain users’ commitment
to their health regimens [16,17]. Promotion of engagement
through incentives and gamification has also shown prom-
ise, though studies documenting their ability to maintain
engagement over time are limited [19-22].

The Adolescent Medicine Trials Network for HIV
Interventions (ATN) conducted a study using the Prepared,
Protected, emPowered (P3) app, a comprehensive PrEP
adherence DHI, and its enhanced version, P3+, which
incorporates in-app adherence coaching [23]. The P3 app
included multiple features aimed at increasing user engage-
ment, including a social wall, daily quests, and medication
tracking, as well as both in-app “virtual rewards” in the form
of unlocking video series produced specifically for the study
and real-world rewards in the form of monetary incentives
awarded based on principles of behavioral economics [24-
26]. This study provided a rich dataset to explore how
digital engagement correlates with PrEP adherence among a
young demographic at high risk for HIV. This paper seeks
to analyze data from a subset of the P3 study participants—
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those who were part of the intervention arms using P3 and
P3+. The focus is on understanding how different levels
of user engagement with the app’s features were associated
with adherence to PrEP as well as the costs. This analysis is
crucial, as it contributes to optimizing digital health strategies
to support sustained PrEP use.

Methods
Parent Study

P3 is a comprehensive PrEP adherence app which incor-
porates a variety of content in multiple formats including
articles, videos, quizzes, and a social wall in which partici-
pants can share experiences, from success stories to chal-
lenges. P3 core components included: social prompts to
foster community among participants; medication tracking
and adherence support; brain builders, which included goal
setting and knowledge building; and the knowledge center.
P3+ is an extension of P3, in which participants receive
all components in P3 and the addition of in-app adherence
coaching using an adapted curriculum based on Next Step
Counseling adherence counseling [27]. The study included
a 3-arm randomized clinical trial conducted from March
2019 to September 2021 and followed each participant for
6 months. Participants were recruited through the ATN
from 9 participant recruitment venues in Bronx, New York;
Chicago, Illinois; Atlanta, Georgia; Houston, Texas; Boston,
Massachusetts; Philadelphia, Pennsylvania; Tampa, Florida;
Charlotte, North Carolina; and Chapel Hill, North Caro-
lina. Recruitment methods included in-person, venue-based
(including recruitment from local PrEP clinics or provid-
ers) and web-based recruitment on social media platforms.
Eligible participants were (1) aged 16 to 24 years; (2)
assigned male sex at birth; (3) reported sex with or intentions
to have sex with men or transgender women; (4) had reliable
daily access to an Android or iOS smartphone with a data
plan; (5) able to speak and read English; (6) self-reported
HIV-negative; and (7) were either not currently on PrEP
but planned to initiate in the next 7 days and had an active
PrEP prescription (prescription confirmed by study staff)
or currently on PrEP and had an active PrEP prescription
(prescription confirmed by study staff). Additional informa-
tion about the P3 study has been previously published [23].
The original study had a baseline survey with 3- and 6-month
follow-up. However, this secondary analysis only included
those participants randomized to the 2 intervention arms
(n=163) and data from baseline (demographic characteristics),
3-month follow-up (PrEP adherence and acceptability), and
app data (engagement).
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Measures
PrEP Adherence

The study team developed a composite PrEP adherence score
to balance data accuracy and completeness across par-
ticipants by combining biological and self-reported meas-
ures: (1) objective estimates of drug levels from dried
blood spots, specifically tenofovir-diphosphate (TFV-DP) and
(2) self-reported PrEP adherence in the past month. The
composite score first used the participants’ TFV-DP levels
in the blood consistent with more than 4 pills per week
considered as adherent (0="nonadherent” and 1="“adherent”).
For those without TFV-DP measurements (ie, missing
laboratory data point), self-reported PrEP adherence from the
3-month survey was used, as prior studies have demonstrated
a strong correlation between self-report and biomarker-based
adherence measures [28,29]. Self-reported PrEP adherence
in the past month was assessed with a single question: “In
the last month, what percent of the time did you take your
PrEP as prescribed [once a day]?” with response options
ranging from 0% (none of the time) to 100% (all of the
time). Following previous research, participants without a
TFV-DP measurement but with self-reported adherence were
considered adherent if they reported taking PrEP 60% or
more of the time in the past month [2]. Among partici-
pants with both TFV-DP and self-reported adherence data
(n=97), the 2 measures demonstrated moderate agreement
(Cohen %=0.405), with no significant difference detected by
the McNemar test (test statistic=2.25 P=.14), supporting the
reliability of using both measures to assess adherence.

Although in-app daily pill-taking data were collected,
these data were not used as the primary adherence meas-
ure due to inconsistencies in app usage and reporting,
which varied widely across participants. In contrast, TFV-DP
provides an objective biomarker of cumulative adherence
over several weeks, and self-report offers a retrospective
summary measure when biomarker data are unavailable. This
dual approach allowed us to capture a more complete picture
of adherence while reducing potential bias from missing
or irregular app data. While the study team recognizes the
value of real-time app data, the priority was to develop an
adherence outcome that maximized both validity and data
availability across the sample.

In summary, participants were classified as adherent to
PrEP if their TFV-DP levels indicated usage of more than
4 pills per week, and as nonadherent if levels indicated
fewer than 4 pills per week. For participants without TFV-
DP measurements, self-reported survey data were used to
minimize missingness. Those who reported taking PrEP at
least 60% of the time were categorized as adherent, while
those reporting less than 60% adherence were considered
nonadherent.

Engagement

Engagement in P3 was defined as using at least 1 of the 3
key app features each day: medication tracker, social wall,
or daily quest. Financial incentives, based on behavioral
economic principles, were awarded [24,25]. Participants who
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interacted with any of the 3 features received US $0.50
deposited in their virtual bank account each day; those who
did not interact had US $1.00 deducted. Virtual accounts
were seeded with US $90 at the start of the study. Thus,
participants who used the app every day for the entire 90-day
study could amass US $135 at study completion; those who
did not use the app at all would end the study with US $0.
Three classifications of use were defined a priori based on
financial incentives awarded at the end of the intervention:
high use (>US $90 correlating to usage on >60 d), moderate
use (US $67-$89.50 correlating to usage on 45-59 d), and low
use (<US $67 correlating to usage on <44 d). These values
were chosen to align with prior studies of app engagement
and literature regarding how long it takes to form a habit
[16,30]. Additional paradata were collected, including total
app log-ins, total days logged in, total time spent in the app
(min), and total number of days participants tracked their
PrEP use (taken or not taken). For those in the P3+ arm, the
total number of in-app counseling sessions was also recorded.

Acceptability

Participants were asked acceptability-related questions at the
3 months. Three questions (eg, “I trust the information in
P3,” “The information in P3 is easy to understand,” and “The
information in P3 is accurate”) were adapted from Horvath et
al [31] to assess end users’ perceptions of the quality of the
information contained in the P3 app. These questions were
assessed using a 4-point Likert scale, ranging from “strongly
disagree” to “strongly agree,” where a higher score indicated
better information quality. Then a dichotomized measure was
created for each question, where responses of “agree” and
“strongly agree” were interpreted as indicating high accepta-
bility.

An adapted version (eg, questions altered slightly to align
with mobile app intervention) of the Client Satisfaction
Questionnaire-8 which included 8 items (eg, “How would
you rate the quality of the help you have received from P3?”
“Did you get the kind of help and/or support you wanted
from P3?” “To what extent has P3 met your needs related to
improving taking your meds?”) rated on 4-point Likert scale
was used to assess satisfaction with the app [32]. The scale
scores were computed by summing the responses to the 8
items (range 8-32) with a higher score indicating a higher
level of satisfaction (a=.89).

Two questions assessed participants’ likelihood of future
use and willingness to pay to use the app. The first item,
“I would use P3 in the future if available” was rated on a
4-point Likert scale (“strongly disagree” to “strongly agree”),
with higher scores indicating higher likelihood of use. Then,
a dichotomized measure was created, where responses of
“agree” and “strongly agree” were interpreted as an intention
to use P3 in the future if it becomes available. The second
item, “If P3 were available in the app store, how much would
you be willing to pay for it?” Response options included
“US $0.99,” “US $1.99,” “US $2.99,” “more than $2.99,”
and “T would not be willing to pay for it.” Responses were
dichotomized into willing and unwilling to pay.
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Statistical Analysis

Engagement Analysis

Descriptive statistics for study variables at baseline were
calculated. To examine the differences in intervention
engagement and acceptability by arm, independent samples
2-tailed ¢ tests for continuous variables and a chi-square
analysis for categorical variables were conducted. To examine
the effect of arm and engagement categories on PrEP
adherence at 3 months, three logistic regression analyses
were conducted: (1) the effect of arm on PrEP adherence,
(2) the effect of engagement categories (high vs moderate
or low) on PrEP adherence, and (3) the interaction effect of
arm and engagement categories on PrEP adherence, along
with the main effects of arm and engagement categories.
We also included a single demographic variable in each of
the 3 models to adjust for potential confounding effects.
Due to imbalanced data, dichotomized engagement catego-
ries were used instead of 3 engagement categories. Finally,
adherence data, including TFV-DP levels and self-reported
adherence, were collected at a single time point during the
3-month follow-up visit, and thus the data are cross-sectional
in nature. As such, analyses were conducted using cross-sec-
tional methods, and any inferences about adherence patterns
are based on a snapshot of behavior at that specific time.

Costing Analysis

The study team adopted a provider perspective and estimated
the costs of P3/P3+ implementation in a community setting.
This included the use of activity-based costing and, based on
staff input, created an inventory of tasks associated with the
management and implementation of P3 and P3+ [33]. The
study team developed a survey in Qualtrics whereby each
staff person at all sites reported time spent per week on the
itemized task for a 2-week period. The survey was adminis-
tered 4 times: October 2019, December 2019, February 2020,
and November 2020 (post-COVID).

Cost per task was calculated by multiplying the median
wage for the job category of the respondent staff member
by the time spent on the activity. Costs per activity across
staff were summed; extrapolated a monthly cost per activity
based on the 2-week survey values and then averaged the
monthly values by site and for all sites. Although each site
provided enrollees for P3+, costs for P3+ were based on
data from the North Carolina site only. Costs for P3 were
based on all sites. The number of participants per month
was estimated and based on the number enrolled in a given
month, along with those participating in the intervention from
the prior 2 months. Then, the average cost per enrollee per
month was calculated. Costs for P3 app development were
not included. Activities and materials specifically associated
with grant requirements, such as laboratory tests, were not
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included in the calculations. The incremental cost-effective-
ness ratio (ICER) was also calculated with respect to PrEP
adherence and engagement in terms of number of app
sessions, frequency, and time of app use (intensity), where
the ICER is calculated as (Costp3; — Costp3)/(Outcomeps —
Outcomeps) [34].

Ethical Considerations

The ATN P3 protocol, informed assent or consent documents,
and related modifications were reviewed and approved by
the University of North Carolina at Chapel Hill Institutional
Review Board (IRB number 17-1951). Informed consent was
obtained from all participants, and no study activities were
completed prior to giving informed consent. A waiver of
parental consent to participate in this research study for youth
participants aged 16 to 17 years was granted by the Univer-
sity of North Carolina at Chapel Hill Institutional Review
Board. All data and records were stored on password-pro-
tected servers. This study is registered at ClinicalTrials.gov
(NCTO03320512). Participants were incentivized to use the
P3 app and started with a baseline amount of US § in a
virtual bank account (US $90) and gained (+US $0.50) or
lost (-US $1.00) money from this initial amount each day
corresponding to use and nonuse of the app, respectively.
The final amount in the virtual bank account (total possible
ranged from US $0.00, representing no app use, to US $135,
representing perfect daily app use) was paid out as part
of the study remuneration at the 3-month study follow-up.
Participants were compensated with US $50 upon completion
of their enrollment visit, and US $50 each at the 3- and
6-month visits (US $150 total). Participants also received US
$50 for each remote specimen collection. All study data were
deidentified prior to analysis.

Results

Study Participant Demographic
Characteristics

A total of 163 participants were randomized to the P3
intervention (n=82, 50% to the P3 arm; n=81, 50% to the
P3+ arm). Retention was 84% (n=69) and 89% (n=72) at
3 months in the P3 and P3+ arms, respectively. The mean
age of participants was 21.4 (SD 2.0) years, 91.4% (n=149)
identified as male, 52% (n=85) identified as non-White, and
27% (n=44) of the sample identified as Hispanic. Of the total
sample, 150 (92%) participants were actively taking PrEP at
the time of the study, 6 (3.7%) participants were preparing to
initiate PrEP for the first time, and 7 (4.3%) participants had
recently resumed PrEP after a prior discontinuation. There
were no significant differences in these descriptive statistics
at baseline between the P3 and P3+ arms (Table 1).
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Table 1. Descriptive statistics for study variables at baseline by intervention arm (N=163).

Variables Total (N=163) Arm P value
P3 intervention (n=82) P3+ intervention (n=81)
Age (y), mean (SD) 214 (2.0) 21.5(2.0) 214 (2.1) 74
Ethnicity, n (%) 17
Hispanic 44 (27) 26 (59.1) 18 (40.9)
Non-Hispanic 119 (73) 56 (47.1) 63 (52.9)
Race 31
Others 85(52.2) 46 (56.1) 39 (48.1)
White 78 (47.8) 36 (43.9) 42 (51.9)
Currently attending school A5
No 59 (36.2) 32(542) 27 (45.8)
Yes 104 (63.8) 50 (48.1) 54 (51.9)
Currently employed S8
No 41 (25.2) 20 (48.8) 21(51.2)
Yes 121 (74.2) 62(51.2) 59 (48.8)
Gender identity 09
Man 149 (91.4) 78 (52.3) 71 (47.7)
Other 14 (8.6) 4(28.6) 10 (71.4)
Intervention Engagement and (96.6 vs 76.1; P=01), used the app on more days (63.3 d vs
Acceptability 53.2 d; P=.04), and spent more time in the intervention (378.8

o min vs 186.66 min; P<.001) compared to those in the P3 arm.
Overall engagement was high in P3+ arm compared to the  Qverall acceptability was high in both study arms, and there

P3 arm (Table 2). Participants in the P3+ arm earned higher  was no significant difference between P3 and P3+ arms.
incentives ($90.6 vs $75.4; P=.04), had more app log-ins

Table 2. Intervention engagement and acceptability at 3 months (N=163).

Variables Total (N=163) Arm P value
P3 intervention (n=82) P3+ intervention (n=81)
Engagement
Total incentives earned (US $), mean 83.0 (46.6) 754 (484) 90.6 (43.6) 04
(SD)
Engagement category, n (%) 15
High 95 (58.3) 42 (51.2) 53 (65.4)
Moderate 12 (7.4) 6(7.3) 6(74)
Low 56 (34.3) 34 (41.5) 22 (27.2)
Number of sessions, mean (SD) 86.3 (52.6) 76.1 (51.0) 96.6 (52.5) 01
Days used, mean (SD) 58.2 (31.1) 532 (32.1) 63.3(29.3) 04
Time spent in app (min), mean (SD) 282.1 (242.0) 186.6 (166.5) 378.8 (267.9) <.001
Days PrEP? tracked, mean (SD) 659 (33.5) 61.7 (34.7) 70.1 (31.9) A1
Coaching sessions attended, mean (SD) _b — 3.50(1.6) —

Acceptability

Information quality, n (%)

Trust information 132 (98.5) 67 (100) 65 (97) 15
Information easy to understand 132 (98.5) 67 (100) 65 (97) 15
Information is accurate 130 (97) 66 (98.5) 64 (95.5) 31
Satisfaction (CSQ-8)¢, mean (SD) 24.7 (5.0) 244 (49) 250 (5.0) 50
Future use, n (%)
Use in future if available 97 (72.4) 50 (73.5) 47(71.2) 76
Willingness to pay 52 (38.5) 25 (36.8) 27 (40.3) 67
]‘;PrEP: pre-exposure prophylaxis.
Not applicable.

CSQ-8: Client Satisfaction Questionnaire-8.
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The Effect of Intervention Arm and
Engagement on PrEP Adherence

Using the composite endpoint which included both self-
report and TFV-DP levels, adherence was 78.6% (n=55)
in the P3 arm and 78.7% (n=59) in the P3+ arm. As
shown in Table 3, there was no significant association
between intervention arm and PrEP adherence at 3 months

Hightow-Weidman et al

(P=989). Engagement category (high vs moderate or low)
was significantly associated with PrEP adherence at 3 months
(P=.003); however, the interaction effect between interven-
tion status and engagement categories on PrEP adherence was
not significant (P=.577). We tested models including a single
demographic variable to adjust for potential confounding,
but the results remained unchanged (Table S1 in Multimedia
Appendix 1).

Table 3. Relationship between intervention arm and engagement categories on pre-exposure prophylaxis (PrEP) adherence at 3 months.

PrEP adherence?®
Estimate SE P value
Intervention arm
P3+ intervention vs P3 intervention 0.01 0.40 99
Engagement category
High vs moderate/low 1.27 0.42 003
Interaction between arm and engagement category
P3+ intervention vs P3 intervention -0.38 0.59 52
High vs moderate/low 1.04 0.60 08
P3+ intervention vs P3 intervention and high vs moderate/low 047 0.84 58
4Composite outcome.
Intervention Cost Discussion

Table S2 in Multimedia Appendix 1 shows the average
monthly costs per activity. Intervention implementation and
management costs were, on average, US $617 (SD $270.9)
per month across sites with staff meetings accounting for over
half of the monthly total. Average monthly costs associated
with participant interactions were US $502 (SD $78.6).
Participant recruitment, at US $204 (SD $100.0), was the
primary cost driver, accounting for 41% of the total, and the
largest reported expense across sites. Troubleshooting was
the second with Chapel Hill, the central study site, reporting
relatively higher expense than other sites.

Taken together, the overall average total monthly cost of
P3 was US $1118 (SD $305.1) and ranged from US $797
to $1368. Sites averaged 4.5 (SD 3.9) participants per month
resulting in an average total monthly cost per participant of
US $280 (SD $118.5). Table S3 in Multimedia Appendix 1
shows the additional costs associated with the P3+ interven-
tion. Average monthly costs for ongoing management of P3+
were US $655 (SD $263.0), while those for counseling-rela-
ted issues were US $565 (SD $45.0), dominated by counsel-
ing itself. An estimated 2.3 participants received counseling
per month at an average cost of US $72 (2.7).

Given the difference in P3+ and P3 adherence was small
and not significant, the ICER was not calculated. The ICER
for the number of app sessions was US $7.06 ([US $352-
US $280]/[US $86.3-US $76.1]) per additional session used,
while the ICER for time in session was US $45 per additional
hour of use.

https://mhealth.jmir.org/2026/1/e66837

The findings from this analysis underscore the critical
role that user engagement plays in the effectiveness of
DHIs aimed at enhancing adherence to PrEP among young
individuals at high risk for HIV. A key finding from this
study is the significant association between higher levels of
engagement with the P3 intervention and increased adher-
ence to PrEP. This aligns with prior research, which has
consistently demonstrated that user engagement is a pivotal
factor in the success of DHIs across various health domains,
including HIV care and prevention [13,14]. Despite the high
levels of engagement observed in this study, it is challeng-
ing to draw direct comparisons with other DHIs due to
the lack of standardized metrics for measuring engagement.
A recent scoping review focused on engagement in DHIs
for sexual and gender minorities noted that only a small
fraction of trials reported engagement metrics, and even fewer
studies defined an “optimal” level of engagement necessary to
achieve significant health outcomes [35].

The P3 app employed several strategies to boost user
engagement, including financial incentives and gamification
[19,23]. These methods are supported by a growing body
of evidence that suggests such approaches can effectively
maintain user interaction over extended periods. For example,
Looyestyn et al [20] conducted a systematic review that
concluded gamification often increases engagement with
online health programs, although the long-term effects on
health outcomes remain uncertain. However, enhancing
engagement strategies through more robust and personalized
approaches has the potential to further improve adherence
rates [36]. Moreover, conducting longer-term studies could
offer valuable insights into the lasting impact of these
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strategies, thereby enabling the refinement and adaptation of
interventions for sustained long-term outcomes [37].

Interestingly, this study observed that while the P3+
intervention, which included in-app adherence coaching, led
to increased engagement (eg, more time spent in the app
and higher incentive earnings), this did not translate into
significantly better adherence compared to the standard P3
arm. This, coupled with the increased cost and complexity
of P3+ delivery, indicates that further studies are neces-
sary to determine whether this intensified intervention is
the appropriate fit. This finding may indicate a potential
ceiling effect where additional engagement beyond a certain
threshold does not necessarily result in proportional improve-
ments in adherence. Using sequential multiple assignment
randomized trials could be particularly useful in this context,
as they would allow for the systematic evaluation and
optimization of the intervention’s components (and human
resources) to better tailor the approach to individual needs
[35]. Our results here show that increasing frequency of use
was of relatively low cost, while increasing intensity of use
cost US $45 an hour. As these are interim outcomes, we
cannot declare whether they are cost-effective as we have no
standard against which to measure the results as the literature
in this area is extremely limited. Although the P3+ compared
ot P3 did not increase adherence, it may have produced other
health benefits that were not measured as part of the trial.

Given the challenges of sustaining engagement in
standalone digital health interventions, future research
may explore whether adherence support features could be
effectively delivered through widely used social and dating
platforms. These platforms attract substantial daily engage-
ment from populations at high risk for HIV, suggesting
potential reach. However, our study did not collect data on
participants’ platform preferences, usage patterns, or privacy
concerns, and thus any discussion of integrating interventions
into these environments remains hypothetical. Importantly,
any such approach would require additional research to assess
user acceptability, data security considerations, and potential
risks, as well as partnerships with platform developers. If
found feasible and acceptable, embedding adherence support
within high-traffic commercial apps could reduce the costs of
sustaining standalone interventions and may leverage existing
infrastructure for personalization and scalability.

This study has several limitations that must be acknowl-
edged. Collection of biologic outcome data was impac-
ted by the COVID-19 pandemic, potentially affecting the
accuracy of adherence measurements and the robustness of
the findings. The cost analysis presented is based on data
collected over a limited period, with potential disruptions also
caused by the COVID-19 pandemic. Additionally, due to the
small number of participants who were initiating PrEP for
the first time, the study team was unable to conduct mean-
ingful comparisons between novice and experienced PrEP
users. This limited the ability to explore whether patterns
of adherence or engagement differed by prior PrEP experi-
ence. Future studies with a more balanced distribution of new
and experienced users are needed to examine these potential
differences. Moreover, this study was unable to adjust for
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behavioral confounders such as sexual activity frequency,
PrEP experience, and partner status, as well as demographic
confounders that are known to influence the relationship
between engagement and adherence. This may result in an
estimated association that reflects the influence of confound-
ers rather than the true effect of the exposure. Due to the
limited sample size, we were unable to explicitly examine
how these confounders affect engagement and adherence,
or how they interact with one another. Future research
with larger samples is warranted to enable comprehensive
adjustment for these factors and to better understand their
combined impact. Furthermore, variability in site-specific
factors, such as participant recruitment and staff composi-
tion, likely contributed to the wide range of cost estimates.
While staff were asked to report time for non-study-rela-
ted tasks, separating the two may have been challenging,
particularly in relation to staff meetings. In addition, some
tasks conducted in a study setting, such as recruitment, may
not be a good proxy for real-world costs and are likely an
overestimate. A notable limitation of this cost analysis is
the exclusion of initial app development expenses, which
are often among the most substantial costs for digital health
interventions. This decision was made to provide a clearer
estimate of the ongoing operational and maintenance costs
associated with scaling the P3 and P3+ interventions in
community settings, as these are the costs most likely to
be absorbed by public health agencies or clinical partners.
Including development costs would significantly increase the
apparent total cost, potentially skewing the analysis away
from the more immediate, recurring expenses that directly
impact long-term sustainability. Moreover, app development
costs can vary widely based on factors such as platform
selection (eg, proprietary vs open-source), feature complexity,
integration with existing health care systems, and ongoing
user feedback. For instance, the P3 app incorporated multiple
interactive elements, including social walls, daily quests, and
personalized adherence coaching, each of which adds to the
initial investment. Given this variability, including these costs
would complicate direct cost comparisons across different
digital health interventions. Nonetheless, future studies should
consider a more comprehensive economic evaluation that
includes both fixed and variable costs, as this will be critical
for assessing the true scalability and long-term viability of
such digital health solutions in real-world settings. Finally,
this study provided financial incentives for app engagement
which may not be sustainable outside of research contexts.

In conclusion, this study highlights the critical role
of user engagement in enhancing PrEP adherence among
young individuals at high risk for HIV. While increased
engagement through DHIs like the P3 app correlates with
higher adherence rates, the findings suggest that simply
intensifying interventions, such as with the P3+ model,
may not necessarily lead to proportionate improvements.
The additional costs and complexities associated with
more intensive approaches require careful consideration
and further investigation. Future research should priori-
tize the development of more personalized and adaptive
engagement strategies, leveraging methodologies such as
sequential multiple assignment randomized trials designs to
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optimize intervention components in real-time. By focusing cost-effective digital health solutions that are both effective
on long-term adherence and the sustainability of engagement, and responsive to the evolving needs of at-risk populations.
these efforts can better inform the design of scalable,
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