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Abstract

Background

Medication adherence is the key to success of HIV pre-exposure prophylaxis (PrEP).
In China, the majority of real-world users purchase PrEP through e-commerce plat-
forms, yet their adherence remains unaddressed. This cohort study aimed to evalu-
ate PrEP adherence and its associated factors among e-consumers in China.

Methods and findings

Eligible participants who had purchased PrEP online in the past 3 months were
enrolled in the Real-world E-consumer Cohort of PrEP (RECOPE) in December
2023. Anonymous self-administered e-questionnaires were used at baseline and 1-,
3-, and 6-month follow-ups to collect data on PrEP adherence and potentially asso-
ciated factors. Optimal adherence was defined as full compliance with the ‘2-1-1’
dosing protocol for event-driven (ED) users and no missed pills in the past month for
daily users. Generalized linear mixed-effects models and logistic regression were
fitted to identify prognostic factors of PrEP adherence. Of 877 individuals invited, 680
were eligible and 657 completed the baseline survey (response rate 96.6%). The
follow-up response rate at the 1-, 3-, and 6-month timepoints was 90.1% (592/657),
82.6% (543/657), and 80.1% (526/657), respectively. Among the 621 participants who
had initiated PrEP at baseline, 529 (85.2%) used the ED regimen, and 92 (14.8%)
used the daily regimen. Among ED users, the prevalence of optimal adherence at the
four timepoints was 41.3% (154/373), 43.1% (146/339), 45.3% (139/307), and 52.6%
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(160/304), respectively. Among daily users, the prevalence of optimal adherence

was 83.7% (77/92), 81.4% (83/102), 87.8% (86/98), 84.3% (75/89) at each survey
wave, respectively. Within this group, the mean adherence rates in the past month
ranged from 97.1% to 98.7% across waves. Among ED users, older age, receptive or
versatile sexual role, and higher self-efficacy were positively associated with optimal
adherence, while multiple same-sex partners, chemsex, and PrEP-related stigma
were negatively associated factors. Selection bias, recall bias, social desirability bias,
confounding bias, and limited representativeness were the main limitations of the
study.

Conclusion

The study found PrEP adherence was low among ED PrEP users who account for
the majority of real-world e-consumers in China. Targeted interventions are sug-
gested to prioritize enhancing users’ understanding of medication instructions, pro-
moting self-efficacy of maintaining adherence, and alleviating PrEP-related stigma.
Additional attention should be given to ED users who have chemsex, insertive anal
sex, multiple sexual partners, or a younger age.

Author summary
Why was this study done?

» Oral HIV pre-exposure prophylaxis (PrEP) is highly effective in preventing HIV
acquisition only when users maintain optimal medication adherence.

 Currently, the majority of real-world PrEP users in China buy the medication
online, yet little is known about their medication adherence.

» The cohort study aimed to evaluate the level and factors associated with PrEP
adherence among real-world e-consumers in China.

What did the researchers do and find?

» We recruited 657 e-consumers of PrEP from the largest online platform for PrEP
services in China and collected their baseline, 1-, 3-, and 6-month follow-up sur-
vey data.

» We found that PrEP adherence was low among event-driven (ED) PrEP users
who accounted for the majority of real-world e-consumers in China, while the
adherence was high among daily PrEP users.

* Age, sexual role, number of same-sex partners, chemsex, self-efficacy of main-
taining PrEP adherence, and PrEP-related stigma were significantly associated
with PrEP adherence among the ED users.
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What do these findings mean?
» There is an urgent need to improve medication adherence among e-consumers of ED PrEP in China.

» Future targeted interventions can incorporate components of enhancing users’ understanding of medication instruc-
tions, promoting self-efficacy of maintaining adherence, and alleviating PrEP-related stigma.

» Selection bias, recall bias, social desirability bias, confounding bias, and limited representativeness were the main
limitations of the study.

Introduction

HIV/AIDS continues to pose a significant public health threat around the world. In 2023, approximately 39.9 million people
were living with HIV with 1.5 million new infections worldwide [1]. In China, the country reported over 1.3 million people
living with HIV and 102,000 new diagnoses in 2024. Key populations, particularly men who have sex with men (MSM),
continue to be disproportionately affected by the epidemic in the country [2].

Oral pre-exposure prophylaxis (PrEP), a highly effective biomedical prevention tool of HIV, can reduce the risk of HIV
acquisition through sexual contact by up to 99% when taken as prescribed [3]. The World Health Organization (WHO)
strongly endorses the use of oral PrEP for preventing HIV in key populations, such as MSM and sex workers [4]. In China,
oral PrEP was officially approved in 2020, accompanied by the release of an Expert Consensus recommending its use
among high-risk groups [5,6]. Currently, two primary PrEP regimens, daily and event-driven (ED) PrEP (also known as
‘2-1-1’ regimen), are available in the country.

The success of PrEP is highly dependent on medication adherence in both clinical/implementation trials and real-world
settings. A meta-analysis suggests that every 10% decline in PrEP adherence may reduce its effectiveness by approxi-
mately 13% [7]. Prior research reported various adherence rates across different contexts and populations, ranging from
10% to 84% [8]. In China, a retrospective study showed a poor adherence rate as low as 50% in an on-site PrEP promo-
tion trial [9].

Recently, telemedicine approaches for PrEP delivery (e.g., purchasing PrEP via e-health commerce platforms) have
been emerging in some countries (e.g., the United States, China, and Brazil) due to its nature of convenience and pri-
vacy protection, and whose uptake was accelerated by the COVID-19 pandemic [10,11]. In common e-consumer models
of PrEP, users seeking to access PrEP through online platforms are required to complete an online medical history form
and undergo a remote evaluation of eligibility by a professional provider following the PrEP guidelines. If approved, a
certain number of pills (e.g., 90-day supply for daily PrEP users) are mailed directly to the clients, along with renewal
instructions [10].

Currently in China, e-health commerce platforms are the primary channel for purchasing PrEP. According to the China
CDC, nearly 70% of real-world PrEP users purchase PrEP online. The largest e-commerce platform is Bluedhealth oper-
ated by BlueCity Group, the most popular MSM-oriented community-based organization in Asia. Despite its advantages
in convenience and privacy protection, the current online services of PrEP present some disadvantages in providing
comprehensive instructions and counseling on PrEP use, which may pose distinct challenges for maintaining optimal
medication adherence. For instance, when individuals seek to purchase PrEP through BluedHealth, the platform first
requires them to complete an online screening questionnaire for HIV exposure risk and PrEP eligibility (e.g., recent HIV
testing result, contraindications to PrEP) [12]. A physician then reviews the screening questions remotely and issues an
electronic prescription, along with a standard written instructions on PrEP use, if PrEP eligibility criteria are met. No other
interactive counseling are provided at this stage. If a client had questions, he/she must join another online counseling
group on BluedHealth for further communication. In contrast, during offline clinic visits for PrEP acquisition, in-person,
face-to-face, and one-on-one counseling can be directly provided by clinicians during and after the visit. This format allows
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for immediate feedback and counseling adjustments, more nuanced history-taking of PrEP users, and direct observation
of nonverbal cues. Therefore, compared with offline counseling, online counseling has a more complex procedure and
less flexibility of interacting with doctors, which may negatively affect clients’ understanding about PrEP use and ultimately
reduce medication adherence.

Existing evidence on PrEP adherence is mostly from clinical/implementation/promotional trials or from real-world
users who obtained PrEP from traditional offline channels [13—15]. Although the long-acting injectable PrEP has been
approved in a growing number of countries and regions, oral PrEP is likely to remain a major option for the foreseeable
future because of its significantly lower price and greater accessibility [16]. Thus, understanding and supporting oral PrEP
adherence among individuals accessing PrEP through online platforms is critically important. This study aimed to evalu-
ate PrEP medication adherence and examine the associated factors based on the prospective cohort of real-world online
PrEP consumers.

Methods
Study design

The study established the Real-world E-consumer Cohort of PrEP (RECOPE) in China. It was a prospective cohort of
PrEP e-consumers, designed to monitor PrEP adherence and explore associated risk factors. The participant recruitment
and baseline assessment of the cohort were conducted from December 6, 2023 to January 4, 2024, and three follow-up
assessments were completed at 1-, 3-, and 6-months. The study had obtained ethical approval from the Institutional
Review Board of Tsinghua University (reference number: 20230195). This study is reported as per the STROBE guideline
(S1 Checklist) and the CROSS Checklist (S2 Checklist).

Participant recruitment

The participants were conveniently sampled and recruited through BluedHealth, the major online platform for PrEP ser-
vices in China. BluedHealth provides HIV prevention and care services, such as offering sales of HIV preventive products
(e.g., PrEP, post-exposure prophylaxis, condoms, HIV/syphilis/hepatitis B virus self-test kits) and related logistics and
delivery. The average number of PrEP purchases per month on BluedHealth is over 4,000 [12]. During the study period,
the price of PrEP on BluedHealth ranged from approximately 266 to 2,280 CNY (36.7—314.5 USD) per 30-tablet bottle,
depending on the manufacturer, and was comparable to the in-store price in China.

The staff from BluedHealth were asked to send an internal invitation message via BluedHealth to their users who
had purchased PrEP within the past one to three months. Users who expressed an interest in the study were initially
screened for eligibility. The inclusion criteria were as follows: (1) being aged 18 years or older; (2) having purchased PrEP
online and being qualified for PrEP use; (3) planning to use PrEP over the next six months; and (4) providing informed
consent. The exclusion criteria included having communication barriers or reading disabilities reported by the recruiters/
researchers.

Potentially eligible participants were then referred to the research team via WeChat, the most widely used mes-
saging and social application in China (over 1.4 billion monthly active users, comparable to iMessage or WhatsApp),
for further screening, informed consent, baseline survey, and follow-up surveys. WeChat was chosen because it is
the most ubiquitous, secure, and familiar platform for the participants, which could help facilitate the communica-
tion between participants and investigators and increase the follow-up rates. The potential participants were clearly
informed about the study objective, procedures, potential risks and benefits, and voluntary and anonymous nature
of the study by the research staff. Those who were eligible and agreed to join the study were then asked to provide
an oral informed consent by clicking the agreement button in an e-informed consent form sent by the researcher via
WeChat to preserve anonymity. Each enrolled participant was assigned a unique ID for linking baseline and follow-up
surveys.
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Baseline and follow-up data collection

The baseline and 1-, 3-, and 6-month follow-up surveys were conducted by completing an anonymous and self-
administered e-questionnaire. The link to the e-questionnaires was sent through WeChat. The participants were asked to
click the link and log into the survey platform (https://www.wjx.com) using their unique ID as the passcode. In each wave
of the surveys, several reminders for completing the questionnaires were sent to the participants through WeChat before
identifying a participant as non-response or loss to follow-up. Participants who did not respond or were loss to follow-up
in a given survey wave were re-contacted and invited to participate in subsequent follow-up waves. Each survey took
5—-10min to complete. A BluedHealth voucher valued 50 CNY (approximately 7 USD) was provided upon completion of
each valid survey. This voucher could be redeemed on BluedHealth for HIV prevention products and services, such as
PrEP medications, condoms, and HIV/syphilis/HBV testing kits. To check questionnaire quality, three attention-check
questions were embedded within each questionnaire. Participants who correctly answered at least two questions were
included in the analytical sample.

Measures

Outcome variable: PrEP adherence. Adherence to ED regimen was assessed by four items. First, the participants
were asked whether they had engaged in sexual activity in the past one and three months, respectively (the 1-month
follow-up survey only asked this question for the past one month). Those who answered “no” or reported having never
initiated PrEP in a previous question were treated as missing data for PrEP adherence. Those who answered “yes”
were then asked if they had taken PrEP for each sexual encounter in the corresponding time period (1=every time,
2=sometimes, and 3=never). The participants who chose “every time” or “sometimes” were subsequently asked three
adherence questions based on the 2-1-1’ dosing guideline: (i) whether (yes or no) they took two pills of PrEP 2-24
hours before the sexual activity for each medication (time point A); (ii) whether they took one pill 24 hours after the first
dose for each medication (time point B); and (iii) whether they took another pill 48 hours after the first dose for each
medication (time point C). The participants who reported taking PrEP for each sexual encounter and chose “yes” to all
three adherence questions were classified as “being adherent”, while all others were classified as “non-adherent.” Lastly,
three binary outcome variables were constructed: past 1-month adherence based on baseline and all follow-up data, past
3-month adherence based on baseline and 3- and 6-month follow-up data, and consistent adherence based on 3- and
6-month follow-up data (defined as having optimal past 3-month adherence at both 3- and 6-month follow-up surveys).

Adherence to daily PrEP regimen was assessed with a single item: “In the past one month, did you have any occasions
that you did not take PrEP on time or following the recommended dosage? (yes/no)”. Participants who answered “no”
were classified as “being adherent,” and those who chose “yes” were categorized as “non- adherent” and subsequently
asked to report how many PrEP pills they had missed in the past month. The adherence rate in the past month of each
daily user was also calculated following the formula:

30 — number of missing pills

30 x 100%

Adherence rate (%) =

In addition, all non-adherent participants were then asked to report reasons for missing doses. A list of reasons (e.g., |
didn’t know the correct way of taking PrEP; | forgot to take PrEP; | don’t have access to PrEP in a timely manner; | experi-
ence adverse side effects) together with an open-ended option (Other, please specify) were provided.

Exposure variables. Social-demographic characteristics: The participants were asked about their age (in years),
sex (male, female), ethnicity (Han, others), employment status (students, unemployed, employed), education level
(Junior high school or below, senior high school or equivalent, bachelor degree or equivalent, master degree or above),
marital status (married/living with a partner, unmarried/divorced/separated/widowed), and monthly income (<3,000,
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3,001-5,000, 5,001-7,000, 7,001-10,000, 10,001-15,000, 15,001-20,000,>20,000 CNY). Income was further recoded
into a binary variable using 3,000 CNY (approximately 414 USD) as the threshold as it is the national average monthly
income in China [17].

Sexual behaviors: The participants’ sexual behaviors were measured, including whether having had chemsex (yes/
no), number of sexual partners, commercial sexual behavior (yes/no), roles in sexual intercourse (insertive/receptive/
versatile), and frequency of condoms use for each intercourse (never/occasionally/sometimes/often/always) in the corre-
sponding time period. Frequency of condom use was further re-categorized as inconsistent condom use (never/occasion-
ally/sometimes) and consistent condom use (often/always).

PrEP-related variables: Participants’ PrEP knowledge on correct medication instructions was assessed via five
questions for ED regimen (e.g., “Take 2 pills orally 2 to 24 hours before anticipated sexual activity; take 1 additional pill
24 hours after the initial dose following sexual activity; take 1 additional pill 48 hours after the initial dose following sex-
ual activity”) and six questions for daily users (e.g., “Take 1 pill every 24 hours; high-risk behavior for HIV should only be
undertaken after taking the medication daily for 7 consecutive days”). Response options included “yes,” “no,” and “uncer-
tain.” Participants who selected all correct options were coded as “having correct knowledge”.

PrEP-related stigma was measured by the 11-item Chinese version of HIV PrEP Stigma Scale (e.g., “Someone taking
PrEP would be seen by others slutty) [18]. A summative score ranging from 11 to 55 (a in this study=0.81) was calculated
by summing item scores (1 =strongly disagree, 5=strongly agree), with a higher score indicating greater stigma.

Self-efficacy of PrEP adherence was evaluated by six items adapted from the PrEP adherence self-efficacy scale
developed by Walsh (e.g., “Even if my sexual partner is unwilling, | am confident in continuing PrEP use”) [19,20]. A
summative score ranging from 6 to 30 (a in this study=0.83) was created by summing item scores (1=strongly disagree,
5=strongly agree), with a higher score indicating greater self-efficacy.

Social-psychological variables: Depressive symptoms were assessed by the Patient Health Questionnaire-9 (PHQ-
9) [21], which has been validated in Chinese MSM populations and demonstrated strong psychometric properties [22].
The questionnaire asked the participants about their frequency of specific symptoms experienced over the past two
weeks, with each item rated on a 4-point Likert scale ranging from 0 (not at all) to 3 (nearly every day). A summative score
ranging from 0 to 27 was created by adding up the score of each item, and was categorized into standard severity groups
for descriptive analysis: none/minimal (0-4), mild (5-9), moderate (10—14), moderately severe (15-19), and severe
(20-27) (a in this study=0.90). In the regression analyses, the continuous score of PHQ-9 was used to minimize informa-
tion loss.

Psychological resilience was measured by the 2-item Connor-Davidson Resilience Scale (CD-RISC-2) [23], which has
been validated among MSM populations [24]. The items included “Able to adapt to change” and “Tend to bounce back
after illness or hardship”. Responses were rated on a 5-point Likert scale ranging from 0 (never) to 4 (always). A summa-
tive score ranging from 0 to 8 was created by adding up the scores of the two items (a in this study=0.84).

Statistical analysis

First, descriptive analyses were performed to summarize the distributions of all the socio-demographic and psycho-
behavioral variables across the study waves, both for the overall sample and sub-samples by PrEP regimens. The Chi-
square test and f test were conducted to examine differences in the variable distributions between study waves. The
prevalence of optimal PrEP adherence at each wave was calculated for ED and daily users separately.

Second, regression analyses were performed to identify prognostic factors of PrEP adherence by examining statis-
tical significance of crude and adjusted associations between the exposure variables (socio-demographic and psycho-
behavioral measures) and the adherence outcomes. The prognosis factor strategy is useful for helping identify targets and
enhancing design of future interventions on PrEP adherence [25]. For ED users, three regression models were fitted for
the three adherence outcomes: (1) model 1 included a univariate generalized linear mixed model (GLMM) with a logit link
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and random intercept to evaluate the statistical significance of crude association between each exposure variable and the
past three-month adherence, as well as a multivariable GLMM including all exposure variables of interest in order to eval-
uate the significance of their independent associations with the outcome after controlling potential confounders (covari-
ates); (2) model 2 were similar univariate and multivariable GLMM for the past one-month adherence outcome; (3) model
3 included a univariate and a multivariable logistic regression model for the consistent adherence outcome, in which base-
line socio-demographics and averaged time-varying values at 3- and 6-months for other exposure variables were included
as independent variables. Due to the small sample size (n=96) of daily users, a univariable GLMM was fitted to examine
the significance of the association between each exposure variable and the adherence rate in the past month.

All the above GLMM included fixed effects representing the average (population-level) association of the exposure vari-
ables with adherence outcomes, and random effects accounting for within-participant correlation of repeated measures
across different survey waves. The models did not include interaction terms between time-points and the exposure vari-
ables, as it was assumed that the effects of exposure variables on PrEP adherence would remain relatively stable due to
the limited number of repeated measurements in the study (four survey waves over six months) [26—28]. All the analyses
were conducted on available data without imputation. Statistical significance was defined as a two-sided p-value <0.05.
The R software (version 4.4.2) was used to perform all the statistical analyses.

Results
Sample characteristics

Of the 877 individuals invited, 680 were eligible for the study and sent the baseline questionnaire (146 did not respond
to the study invitation, 33 were not interested for participation after further communication with the recruiters, 18 had no
plan to use PrEP in the future six months), and 657 completed the baseline survey (23 did not respond to the baseline
questionnaire) and were finally enrolled in the RECOPE cohort. According to the American Association for Public Opin-
ion Research (AAPOR)’s standard definitions, the response rate of the baseline survey was 96.6% (657/680). At the 1-,
3-, and 6-month follow-ups, 90.1% (592/657), 82.6% (543/657), and 80.1% (526/657) of the participants responded to
the questionnaire surveys and were successfully followed-up, with 582, 539, and 520 being included in the analysis after
excluding those failing the quality check of questionnaires (Fig 1). The patterns of loss to follow-up in the study were
shown in S1 Table.

The distributions of socio-demographics in total and by regimens across different survey waves are presented in Table
1. For the total sample at baseline, the mean age was 29.9 years (standard deviation [SD] = 6.4). All the participants were
assigned male sex at birth and reported to be MSM. Most participants were of Han ethnicity (n=615, 93.6%), employed
(n=527, 80.2%), having a college education or above (n=624, 95.0%), unmarried (n=567, 86.3%), and having reported a
monthly income over 7,000 CNY (n=385, 58.6%). Of the 621 (94.5%) participants who had already initiated PrEP at base-
line, 529 (85.2%) used the ED regimen and 92 (14.8%) took the daily regimen. There was no evidence of a difference (all
p>0.05) in the distributions of socio-demographic characteristics, either overall or by regimen, across the survey waves.
The socio-demographic characteristics of those who had not initiated PrEP reported in each wave are shown in S2 Table.

Distributions of exposure variables

Table 2 shows the distributions of sexual behaviors, PrEP-related variables, and psychosocial variables in total and by
regimen types at each survey wave. In general, the majority of the total sample (78.4%—-90.4%) reported recent sexual
activities across all survey waves. Prevalence of high-risk sexual behaviors in the total sample were 38.9%-42.7% for
chemsex, 37.7%—43.8% inconsistent condom use, 69.4%—-81.0% for having multiple sexual partners, and 7.3%—9.4%
for commercial sex. About 44.3%—-48.5% of the total sample reported their sexual role as receptive or versatile. The
majority of the participants (69.3%-76.2%) demonstrated correct knowledge of PrEP medication. The mean score of the
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Study Invitation
877 PrEP e-consumers invited by
BluedHealth
Did not respond to the invitation (n=146)
Were not interested after further communication (n=33) »
Did not plan to use PrEP in the following six months (n=18)
Eligibility Screening

680 PrEP e-consumers passing the
eligibility screening and sent baseline

questionnaire

Baseline survey response rate: 96.6%

Reasons for non-response: did not respond to the baseline

survey (n=23)

Baseline Survey and Final Enrollment
657 submitted the baseline survey, successfully enrolled in the

study, and included in the analysis (none failed the quality check)

1-month survey response rate/follow-up rate: 90.1%

Reasons for non-response/loss to follow-up: non-contact (n=65)

1-month Follow-up
592 successfully followed-up/submitted questionnaire
582 included in the analysis (10 failed the quality check)

3-momth survey response rate/follow-up rate: 82.6%

Reasons for non-response/loss to follow-up: non-contact (n=114)

3-month Follow-up
543 successfully followed-up/submitted questionnaire
539 included in the analysis (4 failed the quality check)

6-momth survey response rate/follow-up rate: 80.1%

Reason for non-response/loss to follow-up: non-contact (n=131)

6-month Follow-up
526 successfully followed-up/submitted questionnaire
520 included in the analysis (6 failed the quality check)

Fig 1. Flowchart of the RECOPE study. The figure shows the number of people who were invited, screened for eligibility, completed the baseline sur-
vey, finally enrolled, and successfully followed up, as well as the reasons for unenroliment and non-response/loss to follow-up. Note: Some participants
completed surveys at different time points; detailed patterns of missing responses are provided in S1 Table.

https://doi.org/10.1371/journal.pmed.1004733.9g001

self-efficacy scale ranged from 3.9 to 4.4. About 63.1%—70.2% reported mild to severe depressive symptoms. The mean
score of the resilience scale ranged 5.2-5.8. There was statistical evidence (p<0.05) of a difference in sexual activity sta-
tus, number of sexual partners, PrEP knowledge, self-efficacy for PrEP adherence, and resilience scores across survey
waves in the total sample and ED users. Among daily users, we also observed statistical evidence (p<0.05) of differences
across waves in self-efficacy for PrEP adherence, PrEP-related stigma, and resilience.

PrEP adherence outcomes

The levels of the PrEP adherence outcomes across different waves are presented in Fig 2. Among the ED users, the
prevalence of optimal adherence in the past one month was 41.3% (154/373), 43.1% (146/339), 45.3% (139/307), and
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Fig 2. Prevalence of optimal PrEP Adherence by PrEP regimens and outcome definitions in the RECOPE study. Panel (a) shows the prevalence
of optimal adherence in the past 1 month among event-driven (ED) PrEP users at baseline and 1-, 3-, and 6-month follow-ups. Panel (b) shows the
prevalence of optimal adherence in the past 3 months among ED users at baseline and 3- and 6-month follow-ups. Panel (c) presents the distribution of
consistent adherence status among ED users across the study period. Panel (d) shows the prevalence of optimal adherence in the past 1 month among
daily PrEP users at baseline and 1-, 3-, and 6-month follow-ups.

https://doi.org/10.137 1/journal.pmed. 10047 33.9g002

52.6%(160/304) at the baseline, 1-, 3-, and 6-month follow-ups, respectively (Fig 2a); the prevalence of optimal adherence
in the past three months was 38.6% (177/458), 43.3% (163/377), and 44.1% (165/374) at the baseline, 3-, and 6-months
follow-ups, respectively (Fig 2b). Regarding the consistent adherence outcome, 33.9% (105/310) of the analyzed partic-
ipants reported consistent adherence, 19.0% (59/310) reported partially consistent adherence (being adherent in one of
the two follow-ups), and 46.1% (146/310) reported fully non-adherence (Fig 2c). In addition, we further examined the pat-
terns of missing doses among non-adherent ED users in the past month at each survey wave (S3 Table). Approximately
35.2%—-59.0% reported missing the two pills at time point A across the 4 waves, 38.9%—-63.2% failed to take the pill at time
point B, and 45.7%—64.6% missed the pill at time point C.

Among the daily regimen users, the prevalence of optimal adherence (and the median [IQR] number of pills missed
in the past month) was 83.7% (2 [1.5]), 81.4% (2 [2.0]), 87.8% (2 [1.0]), and 84.3% (2 [2.0]) in the four survey waves,
respectively (Fig 2d). The mean adherence rates in the past one month were 98.7% (SD=4.3), 97.8% (SD=10.2), 99.3%
(SD=2.4), and 97.1% (SD=13.1) at baseline and 1-, 3-, and 6-month follow-ups, respectively (S4 Table).

Regarding the reasons for non-adherence, the most frequently cited reasons by ED users were “| used other protection
(e.g., condoms),” “I forgot to take PrEP,” and “I trust my partner” (S1 Fig). The most common reasons among daily users
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were “| forgot to take PrEP”, “I don’t have access to PrEP in a timely manner”, and “It was inconvenient for me to take
PreP” (S2 Fig).

Factors associated with PrEP adherence

In Model 1 for the past 3-month adherence outcome (Table 3), greater self-efficacy (adjusted odds ratio [aOR] = 1.51,
95% confidence interval [CI] [1.31, 1.75], p<0.001), taking receptive/ versatile sexual role (aOR = 1.56, 95% CI [1.01,
2.41], p=0.044), having multiple same-sex partners (aOR = 0.50, 95% CI [0.28, 0.88], p=0.015), and PrEP-related stigma
(aOR =0.96, 95% CI: [0.93, 0.99], p=0.039) were significantly associated with optimal adherence. In Model 2 for the
past 1-month adherence outcome (S5 Table), greater self-efficacy and not having multiple same-sex partners in the past
three months were significantly and positively associated with PrEP adherence. In Model 3 for the consistent adherence
outcome (S6 Table), older age, greater self-efficacy, and not engaging in chemsex were significantly positive associated
factors.

In the univariable regression analyses using adherence rate as a continuous outcome for daily users (S7 Table), no
significant associations were observed for most exposure variables, except for marital status (b= -3.51, 95% CI [-6.30,
-0.72], p=0.014) and self-efficacy (b=0.64, 95% CI [0.05, 1.23], p=0.034).

Discussion

The RECOPE is among the earliest prospective cohort research targeting real-world e-consumers of PrEP in China. The
study revealed that the prevalence of optimal PrEP adherence among ED regimen users, who represented the major-
ity of real-world users in China, was low, while that among daily users was high. It also identified various prognostic

Table 3. Factors associated with optimal PrEP adherence in the past three months based on baseline and 3- and 6-month follow-up data
among ED users.

Variables Model 1 on optimal Model 1 on optimal
adherence in the past adherence in the past
three months three months
(Univariate analysis) (Multivariable analysis)
OR |95% CI P aOR | 95% ClI P

Age 1.01(0.98, 1.03) | 0.728 |1.02 | (0.98, 1.06) | 0.239

Ethnicity (Others vs. Han) 1.42(0.99, 2.03)  0.860 |1.01 | (0.41,2.49) | 0.984

Monthly income (>3,000 CNY vs.<3,000 CNY) 0.89|(0.54,1.46) | 0.317 |0.67 | (0.41,2.49)|0.217

Marital status (Unmarried/Divorced/Separated/Widowed vs. Married/Living with a Partner) 0.67 | (0.35,1.27) | 0.157 | 0.75 | (0.38, 1.46) | 0.386

Education (College and above vs. High school or below) 0.71/(0.49,1.01) | 0.685 | 1.19 | (0.42, 3.39) | 0.999

Employment status (Employed vs. Students/Unemployed) 0.95|(0.48, 1.88) | 0.847 | 1.04 | (0.56, 1.92)  0.889

Knowledge of event-driven regimen (Correct vs. Incorrect) 1.44(0.85,2.44) 0.206 |1.62 | (0.98,2.69) 0.055

Having multiple same-sex partners in the past three months (Multiple vs. One same-sex partner) | 0.35 | (0.22, 0.56) | <0.001 | 0.50 | (0.28, 0.88) | 0.015

Sexual role in the past three months (Receptive or versatile vs. Insertive) 1.39/(0.85,2.26) | 0.145 |1.56 |(1.01, 2.41) | 0.044

Chemsex in the past three months (Having chemsex vs. No chemsex) 0.40 | (0.25, 0.64) | <0.001 | 0.72 | (0.46, 1.12) | 0.130

Condom use in the past three months (Inconsistent vs. Consistent use) 0.92(0.59,1.43) | 0.829 | 0.96 |(0.61, 1.49)|0.774

Commercial sex in the past three months (Having commercial sex vs. No commercial sex) 0.56 | (0.24, 1.26) | 0.210 | 1.73 |(0.81, 3.70) | 0.163

Self-efficacy of being adherent to PrEP 1.88 | (1.65, 2.15) | <0.001 | 1.51 | (1.31, 1.75) | <0.001

Resilience 1.02|(0.91, 1.14) | 0.775 |0.95 | (0.84, 1.07) | 0.272

Depressive symptoms 0.97/(0.93,1.01) | 0.140 | 0.97 |(0.93, 1.02) | 0.256

PrEP-related stigma 0.98 | (0.95,1.01) | 0.127 | 0.96 | (0.93, 0.99) | 0.039

ED, event-driven; PrEP, Pre-exposure prophylaxis; CNY, Chinese Yuan; OR, odds ratio; Cl, confidence interval; aOR, adjusted odds ratio.

https://doi.org/10.1371/journal.pmed.1004733.t003
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factors potentially affecting adherence behaviors in this group, which shed light on future interventions. The study under-
scores the urgent need for timely surveillance and targeted interventions to improve PrEP adherence among real-world
e-consumers in China.

In this study, the prevalence of optimal adherence among ED users was mostly lower than 50% across the four survey
waves. Although no prior real-world study are available for direct comparison, PrEP adherence data from previous clinical/
implementation/promotional trials can be useful references. For example, a non-randomized trial in China involving 503
ED users who received PrEP for free in clinics reported that 57.4%—77.8% of self-reported days involving anal intercourse
were covered by appropriately timed PrEP use [29]. A study in France, which included 1,509 ED users who received PrEP
for free through offline venues, indicated that 78.4% of the reported sexual acts were covered by PrEP use [30]. Both
studies showed a higher prevalence of optimal adherence than the current study.

Some possible explanations for the suboptimal adherence among ED users in the RECOPE study include potential
gaps in instruction and counseling on medication use among e-consumers (indicated by the findings that about one quar-
ter of the ED users did not correctly answer all the knowledge questions), use of other promising HIV prevention strate-
gies (indicated by the finding that the top self-reported reasons for non-adherence included ‘I used other HIV prevention’),
the complexity of the ED regimen, lack of a systematic reminder mechanism, and difficulty in predicting sexual activity.
The findings imply that future interventions on PrEP adherence should address these important issues. To be noted, the
most commonly reported reason for non-adherence among ED users in the study was the use of other prevention strate-
gies such as condoms, which implies that some non-adherent ED users might still be able to protect themselves from HIV
infection. Condoms, when used correctly and consistently, are safe and highly effective in preventing transmission of most
sexually transmitted infections, including HIV [31], and can be considered as a reasonable substitute for PrEP. Future
studies may consider calculating prevention-effective adherence in which PrEP use is aligned with potential risk exposure
[32]. Meanwhile, the finding indicates that in order to fully protect people from HIV, it is also important to integrate health
education of other HIV prevention strategies (e.g., correct and consistent use of condom, partner viral suppression [U=U])
into future PrEP services and interventions.

The prevalence of optimal PrEP adherence among the daily users in the study was above 80%, higher than those
reported in previous clinical/implementation/promotional trials conducted among MSM in China (72.1%-75.1%), Brazil
(74%), and West Africa (71%), even though the definition of optimal adherence in the present study was more strict than
that in previous studies [29,33,34]. A possible reason is that in these previous trials, participants obtained PrEP free of
charge, whereas in the present study, the participants were real-world clients who perceived themselves as individuals at
high risk of HIV and bought the medication out-of-pocket. As a result, they may take medication adherence more seri-
ously. Another possible reason for the high adherence among the daily PrEP users is the social desirability bias intro-
duced by self-administered survey questionnaires. Despite the encouraging finding, continued adherence monitoring and
interventions to support sustained optimal PrEP adherence remain essential for real-world daily PrEP users.

Self-efficacy was consistently a significant positive predictor of PrEP adherence among both ED and daily users across
all the models using different outcome definitions in the study, aligning with previous research findings [35]. As a core con-
struct in classic health behavior theories, such as the Social Cognitive Theory and Health Belief Model, self-efficacy reflects
one’s confidence in their ability to perform designated behaviors (e.g., following prescribed dosing) and is formed by mastery
experience, vicarious experience, social persuasion, and regulation of physiological and emotional states [36]. Future PrEP
adherence interventions are suggested to incorporate self-efficacy enhancement strategies (e.g., reminder system, motiva-
tional interviewing, cognitive-behavioral therapy) to promote long-term adherence and optimize the benefits of PrEP [37].

In the study, high-risk sexual behaviors were negatively associated with optimal adherence among ED users. Partici-
pants with multiple male sexual partners were more likely to report suboptimal adherence, potentially due to the unpredict-
ability of their sexual encounters and lower HIV risk perception [14,38]. Similarly, chemsex was linked to poor adherence,
which may be driven by cognitive impairment and behavioral disinhibition that interfere with timely dosing [39]. These
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alarming findings underscore the importance of identifying and prioritizing PrEP users who engage in high-risk sexual
behaviors but remain non-adherent, and of developing comprehensive intervention strategies (e.g., risk communication,
individualized counseling, and peer-led strategies). Notably, participants who identified their sexual role as receptive or
versatile, a subgroup facing higher HIV risk, were more likely to report optimal adherence in the study. It may be caused
by heightened perceptions of HIV susceptibility associated with receptive anal intercourse [40].

A higher level of PrEP-related stigma was significantly and negatively associated with optimal PrEP adherence among
ED users, consistent with previous studies conducted among various populations [41,42]. Stigma may discourage PrEP
adherence by eliciting social undesirability, shame and guilt, internalized negative beliefs, and fear of being perceived
as engaging in high-risk behavior. These effects may be amplified in MSM populations, aligning with the Minority Stress
Theory, which posits that stigma-related stress undermines health-promoting behaviors [43]. Future PrEP services, both
online and offline, should provide non-judgmental and affirming care that actively reduces users’ perceived stigma towards
PrEP, ensuring that individuals feel supported and empowered throughout their PrEP journey.

Older ED PrEP users showed a higher prevalence of consistent adherence in this study, consistent with findings from
a study in the U.S. [44]. Younger individuals may face greater challenges in maintaining adherence due to limited health
management skills, lower risk perception, and structural barriers such as financial or healthcare access constraints [45].
Tailored strategies for younger users may include digital reminders, HIV-related health education, and peer-based sup-
port. In the daily PrEP group, being married/living with a partner was significantly associated with higher adherence rate,
consistent with findings from previous PrEP adherence research [46,47].

Several limitations should be noted in the study. First, the convenience sampling method used in the study might
introduce selection bias. The respondents of the study might be more enthusiastic about PrEP and HIV prevention and
thus had better medication adherence than the non-respondents. Therefore, the PrEP adherence level reported in this
study might overestimate the adherence of all real-world users who bought PrEP online in China. But as no information
was available for the non-respondents, the exact direction and magnitude of selection bias could not be gauged. Second,
the reliance on self-reported measures to assess PrEP adherence and other socio-demographic and psycho-behavioral
variables may introduce recall and social desirability biases. To minimize these biases, we rigorously designed the ques-
tionnaire, carefully delivered informed consent, conducted anonymous surveys, and performed quality checks. Never-
theless, the self-reported measures may still lead to an overestimation of PrEP adherence in the study. Future studies
using more objective measurements (e.g., smart pill box, ecological momentary assessment of PrEP adherence via digital
health platform) are warranted. Third, the follow-up itself may have an interventional effect on psycho-behavior variables.
For example, the adherence outcome, PrEP knowledge, and self-efficacy of being adherent showed an increase to some
extent from baseline to subsequent follow-ups in the study. Possible explanations include that repeated follow-up surveys
may have reinforced adherence behaviors, encouraged participants to acquire PrEP-related knowledge, and enhanced
their self-efficacy. This follow-up effect should be considered when interpreting the results. Fourth, the study assumed that
the current online services of PrEP make it difficult for PrEP users to receive comprehensive instructions and professional
counseling, which may pose distinct challenges for helping them maintain optimal medication adherence. However, the
study did not include measurements that directly evaluate the participants’ actual reception of online counseling and their
perceived quality and satisfaction of the counseling, as well as their perceived influence or importance of counseling on
adherence. Future studies are suggested to address this issue. Fifth, some other factors potentially associated with PrEP
adherence (e.g., risk perception, peer support, prior health service use) were not included in the study and need further
investigation. Furthermore, the convenience sampling from a single e-commerce platform may also lead to limited repre-
sentativeness of the study sample. Caution is warranted when generalizing the study findings to all e-consumers of PrEP
in China. For example, all the participants in the study were MSM. Although it is true that MSM account for the majority
of PrEP users in the country, those with a heterosexual orientation were not captured in the study. In addition, 95% of
the participants had an education level of college or above, higher than that in previous PrEP studies in China (e.g.,
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70.0%-84.1% received college or above education) [48,49]. The study also reported a higher monthly income than previ-
ous studies among Chinese MSM [48,49]. Some other characteristics of the study sample were comparable to previous
PrEP-related studies in China or the context of the overall Chinese population. For example, 93.6% of the study partici-
pants were Han people. According to the latest National Population Census in China, Han ethnicity accounted for 91.11%
of the total population [50]. Last but not least, the study only included people who bought PrEP online. However, other
PrEP delivery systems such as hospitals, clinics, and CDC are also important venues for promoting PrEP use. Future
research on these dispensing venues will be needed.

The RECOPE study revealed that the medication adherence of ED PrEP users was suboptimal, while that of the daily
PrEP users was relatively high. Since ED users account for the majority of real-world e-consumers of PrEP in China, the
low medication adherence may be detrimental to the progress of HIV prevention and control in the country and the globe.
Future targeted interventions are suggested to enhance comprehension of medication instructions, strengthen self-
efficacy, and mitigate PrEP-related stigma. Special attention should be given to PrEP users who are younger and engage
in high-risk sexual behaviors.
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6-month follow-ups.
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S2 Fig. Reported reasons for PrEP non-adherence across four survey time points among daily users. The bar
chart presents the distribution of self-reported reasons for not adhering to PrEP among daily users at baseline and 1-, 3-,
and 6-month follow-ups.
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S1 Table. Patterns of missing survey responses. This table presents the patterns of missing survey responses across
study timepoints, showing the number and proportion of participants who missed one, two, or three surveys out of the total
cohort, thereby describing participant retention in the longitudinal study.
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S2 Table. Distribution of sexual behaviors, PrEP-related variables, and psychosocial variables among partic-
ipants who have not initiated PrEP. This table summarizes the distribution of demographic, sexual behavior, PrEP-
related, and psychosocial variables among participants who had not initiated PrEP across four time points (baseline and
1-, 3-, and 6-month follow-ups), illustrating changes or stability in participant characteristics over the follow-up period.
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adherence patterns and consistency over time.
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ated with optimal PrEP adherence in the past one month among ED users across four survey waves. Odds ratios (OR),
adjusted odds ratios (aOR), and corresponding 95% confidence intervals (Cl) are reported.
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S7 Table. Univariable linear mixed-effects regression results for adherence rate (%) among daily PrEP users. This
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ence rate (%) among daily PrEP users. It reports regression coefficients (), 95% confidence intervals (Cl), and P-values
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S1 Checklist. STROBE checklist. This file summarizes how the study adheres to the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) reporting guidelines. This checklist is based on the
STROBE Statement—Checklist of items that should be included in reports of cohort studies (von EIm and col-
leagues, PLoS Medicine, 2007). The STROBE checklist is distributed under the Creative Commons Attribution
License (CC BY 4.0): https://creativecommons.org/licenses/by/4.0/. More information is available at
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