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Abstract

Background: New innovative technologies, such as mobile apps, have been developed to increase pre-exposure prophylaxis
(PrEP) adherence and the use of log sex diaries. The contiguity of mobile apps reduces the recall bias that generally affects
reported condom and PrEP use. However, none of the currently used mobile apps were designed for event-driven PrEP users,
and few studies have demonstrated the potential usage of sex diary data to facilitate the understanding of the different HIV risks
among heterogeneous profiles of sex diaries and PrEP use.

Objective: We aim to discriminate the heterogeneous profiles of sex events and PrEP use and examine the risk of condomless
anal sex among different types of sex events.

Methods: We recruited 35 adult men who have sex with men from two medical centers in Taiwan since May 2020 and followed
up for four months. Participants were on PrEP or willing to take PrEP. They were asked to log their sex events, PrEP use, and
dosing regimens on a mobile app to improve their PrEP adherence. Latent class analysis was used to distinguish profiles of sex
events and PrEP use. Indicators included correct intake of PrEP for each sex event, participants’ sexual positioning, partner’s
HIV status, and age.

Results: A total of 551 sex events were classified into three classes by latent class analysis: PrEP nonadherent flip-flopping
(234/551, 42%), PrEP imperfect-adherent power bottoming (284/551, 52%), and PrEP adherent serodiscordant topping (33/551,
6%). “PrEP nonadherent flip-flopping” sex events were more likely to involve condomless anal sex than “PrEP imperfect-adherent
power bottoming” (OR 1.83, 95% CI 1.03-3.25) after considering random intercepts for individuals, and this class needed to
increase their PrEP adherence and use of condoms. “PrEP imperfect-adherent power bottoming” realized their own risk and
packaged PrEP with condoms to protect themselves. Up to 99% (32/33) of sex events in “PrEP adherent serodiscordant topping”
were protected by PrEP, but all of the sex events in this group were condomless.

Conclusions: Using the sex diary data could advance the capacity to identify high-risk groups. HIV prevention strategy should
be more flexible and combine PrEP with condom use for future HIV prevention.
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Introduction

Pre-exposure prophylaxis (PrEP) is an effective tool for HIV
prevention [1]. The number of PrEP users has increased in recent
years [2]. In Taiwan, the majority of PrEP users are men who
have sex with men (MSM) [3], and it is estimated that 8.9% of
MSM were on PrEP in 2019 [4]. A question has emerged from
the scale-up of PrEP use regarding whether MSM have
decreased their intention of using condoms since they are on
PrEP. MSM PrEP users may tend to practice condomless anal
sex because they perceive PrEP use decreases their risk of HIV
infection [5-8]. A few studies did not find support for the
increase of condomless anal sex after PrEP initiation [1,9,10].
The evidence of the association between condomless sex and
PrEP use remains inconsistent. The practice of condom use
needs to be addressed in PrEP implementation because other
sexually transmitted infections may increase. Moreover, if PrEP
users are stigmatized as those who prefer condomless sex [11],
PrEP scalability may be impeded.

To address whether PrEP use is associated with condomless
anal sex in MSM requires measurement of condom use during
sex and PrEP intake. Most studies have used self-reported
surveys to measure condom use and PrEP adherence [12-15],
but recall bias affected the accuracy when participants were
asked to recall how many times they used condoms or took
PrEP over a long period. Some studies asked participants
whether they used condoms during the last anal sex event to
reduce the recall bias [16-18], but a one-time sex event neither
reflects the long-term decision-making of condom use nor
assesses the longitudinal change of PrEP adherence. Although
self-reporting bias is still inevitable, using a website survey or
mobile apps to measure condom and PrEP use can be more
immediate than traditional surveys [19-22]. Additionally, PrEP
adherence could be measured by drug concentrations in hair or
dried blood spots and Wisepill bottle openings [23]. However,
drug concentration testing is costly and time-consuming, and
Wisepill bottle openings may underestimate PrEP adherence if
the bottle is not being used [23]. There has been no perfect
measurement for condom and PrEP use until now, but a mobile
app that allows users to log their PrEP use and sex diary at any
time or place may be more suitable for monitoring HIV risk in
MSM. Sex diaries have been used to track sexual encounters,
reduce risky sexual behavior [19-21], and facilitate PrEP uptake
[19]. Therefore, a sex diary on a mobile app that gathers the
information of each sex event, such as condom use and partner’s
HIV status, is important for researchers to examine condom use
with different sexual partners and track whether or not PrEP is
taken correctly.

Because the data from sex diaries contain various characteristics,
latent class analysis has usually been used for classifying the
characteristics of sexual partners in each sex event to reduce
the dimensions of data and create profiles of sexual activities

to facilitate outcome analysis. Classifying the patterns of sex
events and PrEP use is crucial to identifying which patterns
were associated with condomless anal sex. Factors such as a
partner’s HIV status and age, sex position, condom use, and
dosing regimen of PrEP should be considered in relation to
whether one has adhered to PrEP as those factors affect the
decision-making of condom use. For example, having sex with
an older partner was more likely to involve condomless anal
sex [24]. MSM who identified as bottoms were less likely to
use condoms than those identified as tops [18]. MSM were more
likely to practice condomless anal sex with a partner whose
HIV status was the same as themselves, compared with those
who had sex with a partner whose HIV status was different [25].
Using mobile apps for MSM to log PrEP uptake and sex diaries,
including the risk factors mentioned above, can help researchers
identify the subgroups of sex events and their relationship with
condom use.

In this study, we used event-level data collected from sex diaries
in a mobile app that allowed MSM PrEP users to record their
PrEP intake, choice of dosing regimen, and information for each
sex event. We aimed to understand whether the decision of
condom use in a sex event could be evaluated based on one’s
PrEP use and perception of HIV risk. Specifically, we described
the pattern of sex diaries and the proportion of correct PrEP use
in relation to condom use and the sexual partners’ HIV status.
We then used latent class analysis (LCA) to identify
heterogeneous sex diaries and PrEP use profiles. Lastly, we
examined whether condom use was related to the various sex
diaries profiles involving PrEP use. This study demonstrates
innovative implications for sex diary data, and the findings will
broaden applications in further HIV interventions.

Methods

Study Population and Procedure
We recruited participants referred by physicians and PrEP
navigators from two medical centers in two major cities of
Taiwan (Taipei and Tainan). The following MSM were eligible
for inclusion: (1) HIV-negative, (2) age ≥20 years, (3) currently
taking PrEP or willing to initiate PrEP after enrollment, (4) had
at least 4 episodes of anal sex with men in the previous month,
and (5) are willing to install our mobile app—the UPrEPU
app—on their smartphone device. Eligible participants interested
in this study were informed about the purpose and goal of the
study. In the informed consent process, research assistants
explained which types of data would be collected by the
UPrEPU app. All the data were de-identified, and participants’
personal information was unrecognizable. People who agreed
to join the study were asked to provide signed informed consent,
and research assistants tutored them regarding the use of the
UPrEPU app. Data collected on the app was kept private and
confidential. Recruitment began in May 2020, and each
participant was followed for 4 months. Participants were tested
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for HIV at each monthly follow-up. Participants could receive
US $20 cash for each follow-up as an incentive. More detailed
study procedures were described elsewhere [26].

The UPrEPU was designed to remind the users to take PrEP
based on their dosing regimen, potential time, and pre-arranged
date for the sex event and monitor their PrEP adherence. More
than half of MSM in Taiwan (56%) chose to take PrEP with an
event-driven (ED) dosing regimen [27], a regimen that required
individuals to take two pills 2 to 24 hours before sex, and
followed by taking one pill 24 hours after sex and another pill
48 hours after sex [28]. This is the first app that considered the
complexity of the ED dosing regimen, and the reminders for
taking ED PrEP were contingent on the timing of sex events.
The UPrEPU app allowed users to track whether their sex events
were protected by PrEP and log their dynamic PrEP-dosing
choices. Participants could also record relevant information
regarding each sexual event, including whether a condom was
used, participants’ sexual positioning, sexual partner’s age, and
HIV status. The present study was approved by the Institutional
Review Board of the National Cheng Kung University Hospital
(IRB: B-BR-107-076-T).

Latent Class Indicators

Correct Intake of Prep for Each Sex Event
For each sex event, whether or the MSM had correctly used
PrEP was based on their dosing regimen and categorized as:
(1) correct use of the daily dosing regimen, (2) correct use of
the ED dosing regimen, and (3) incorrect use of either dosing
regimen. Because taking at least 4 pills per week was suggested
to provide enough protective PrEP concentrations [29], correct
use of a daily dosing regimen was defined as at least 4 pills
taken 168 hours before each sex event. Correct use of an ED
dosing regimen was defined as taking 2 pills before and another
2 after each sex event. More specifically, the 2 pills before
should be taken 2 to 24 hours before each sex event. However,
if at least one pill was taken 25 to 168 hours before each sex
event, taking only one pill 2 to 24 hours before each sex event
was allowed [28]. The selection of when to take the 2 pills after
each sex event was based on when the pill was taken right before
sex. Our measurement allowed a 2-hour buffer for the participant
to log his PrEP use into the app. Participants could also log their
previous PrEP use. For example, if participants took 1 or 2 pills
X hours before each sex event (X ranged from 2 to 24), they
should take another single pill from 22 to 26 hours after the
time X. The last pill should be taken 46 to 50 hours after the
time X. Incorrect use referred to those in neither of the above
groups.

Participants' Sexual Positioning
Participants were asked to report whether they practiced
insertive, receptive anal sex, or both during each sex event.

Partner’s HIV Status
Response options of each participant’s sex partner’s HIV status
consisted of the following: unknown HIV status, negative and
on PrEP, negative but not on PrEP, positive with an undetectable
viral load (UVL), or positive with an unknown viral load.

Partner’s Age
We asked participants to estimate the age of their sexual partner
for each event; the options included less than 20, 21 to 30, 31
to 40, 41 to 50, 51 to 60, and above 60 years old. The
comparison between the participants’ and their sexual partners’
age was used as the latent class indicator, including “partner
was at least one age category younger than I,” “the same as
participant’s age category,” and “partner was at least one age
category older than I.”

Statistical Analysis
The pattern of sex events during 4 months was presented for
each participant. For each sex event, we measured whether a
condom was used and whether PrEP was taken correctly, along
with the choice of the dosing regimen. LCA was conducted
using R version 4.0.3 (R Core Team) and the poLCA package
[30]. We used LCA to classify sex events into subgroups. Latent
class indicators included participants' PrEP dosing regimens
during each sex event, their sexual positions, their sexual
partner’s HIV status, and the age comparison between
participants and their sexual partner. The models were estimated
10 times, with 500 iterations for each run; the solutions with
the largest likelihood values were considered maximum
likelihood estimates. The model with the lowest Akaike
Information Criteria (AIC) [31], lowest Bayesian Information
Criteria (BIC) [32], and highest entropy was considered the
best-fitting model [33].

Posterior class membership probabilities were used to assign a
predicted class to each sex event. Logistic regression analysis
was used to compare the difference in condom use between
classes. Since one participant could provide more than one sex
event, we further used mixed-effects logistic regression with
random intercepts for participants.

Results

Participants
The study enrolled 35 users who installed the UPrEPU app. We
excluded 3 (8.6%) users who did not enter any sex event in the
app. The average age of the remaining 32 (91.4%) users was
29.3 years (SD 4.9). During 4 months, no seroconversion was
reported. The number of sex events in 4 months ranged from 1
to 66 (mean number: 17.2). A total of 551 sex events were
recorded in this study. Table 1 lists the characteristics of sexual
partners and sex events. Condoms were used in 22% (123/551)
of sex events. Participants reported correct use of ED PrEP in
64% (352/551) of sex events and correct use of daily PrEP in
14% (79/551). Insertive anal sex was practiced in 35% (193/551)
of sex events; receptive anal sex was practiced in 54%
(295/551); 11% (63/551) of sex events reported practicing both
insertive and receptive anal sex in the same sex event. Among
the HIV and PrEP status of users’ sexual partners in all events,
38% (209/551) of sexual partners’ HIV status was unknown,
21% (118/551) were on PrEP, 30% were negative and not on
PrEP, 11% (59/551) were positive with UVL, and there were
no positive partners with unknown viral load. Half of the sexual
partners (273/551) were reported in the same age category as
the participants.
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Table 1. Characteristics of sexual partners and sex events (N=551).

Values, n (%)Participant characteristics

Whether condom was used

123 (22)Yes

428 (78)No

Participants’ PrEPa dosing regimens during the sex event

79 (14)Correct use of daily PrEP

352 (64)Correct use of EDb PrEP

120 (22)Incorrect use of PrEP

Participants’ sexual positioning

193 (35)Insertive anal sex

295 (54)Receptive anal sex

63 (11)Both insertive and receptive anal sex in the same sex event

Partner’s HIV status

209 (38)Unknown HIV status

118 (21)Negative and on PrEP

165 (30)Negative but not on PrEP

59 (11)Positive with an undetectable viral load

0 (0)Positive with an unknown viral load

Partner’s agec

154 (28)Partner was at least one age category younger

273 (50)The same as participant’s age category

124 (23)Partner was at least one age category older

aPrEP: pre-exposure prophylaxis.
bED: event-driven.
cAge category difference was based on the following age categorical variables of the sexual partners reported by the participants: less than 20, 21 to
30, 31 to 40, 41 to 50, 51 to 60, and above 60 years old.

Among 551 sex events, 83% (455/551) were protected by either
PrEP or condoms, 18% (99/551) were protected by both PrEP
and condoms, and 17% (96/551) were protected neither by PrEP
nor by condoms (Figure 1). Among 32 participants, only one
(3.1%) person was protected by PrEP and wore condoms during

every sex event. There were 7 (22%) MSM protected by PrEP
every time that had at least 1 condomless sex event and 24
(75%) MSM that had at least 1 sex event protected neither by
PrEP nor a condom.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e33877 | p. 4https://www.jmir.org/2021/12/e33877
(page number not for citation purposes)

Yu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Sex events of each participant with dosing regimen and condom use (N=551).

Latent Class Analysis
The statistics of one-class to five-class models are shown in
Table 2. Compared with a four-class model, the three-class
model had lower BIC. Although the four-class model had lower

AIC than three clusters, BIC is more appropriate to indicate the
best-fitting model [34]. The three-class model also had the
highest entropy. Therefore, we selected the three-class model
as the best solution.

Table 2. Tests of model fit to identify the optimal number of latent classes.

EntropyBICbAICaLog likelihood

1.0046684629–23061 Class

0.5646224540–22512 Class

0.7646094484–22133 Class

0.7146214453–21874 Class

0.7746644452–21775 Class

aAIC: Akaike Information Criteria.
bBIC: Bayesian Information Criteria.

Characterization of Latent Classes
The conditional probabilities of sex events within each class
are listed in Table 3. Class 1 comprised 42% (234/551) of the
sex events and was named “PrEP nonadherent flip-flopping,”
showing the highest proportion of incorrect use of PrEP (45/234,
19.2%), performing both insertive and receptive anal sex in the
same sex event (58/234, 24.8%), HIV status of partner unknown
103/234, 44.0%), and partner on PrEP (86/234, 36.8%). This
class showed the lowest proportion of having a partner at least
one age category older (21/234, 9%). Class 2 had the highest
proportion of performing receptive anal sex in sex events
(281/284, 98.9%), HIV-negative partners, but not on PrEP

(130/584, 45.8%). PrEP protected almost 90% (251/284) of sex
events in Class 2. Class 2 comprised 52% (284/551) of sex
events and was named “PrEP imperfect-adherent power
bottoming.” Class 3 had the highest proportion of correct use
of ED PrEP (29/33, 88.0%), HIV-positive partner with UVL
(31/33, 94.0%), performing insertive anal sex (33/33, 100%),
and having a partner who was at least one age category older
(24/33, 72.7%). It also had the lowest proportion of incorrect
use of PrEP (1/33, 3.0%), HIV status of partner unknown (2/33,
6.1%), and having a partner who was in the same age category
as the participant (0/33, 0%). Class 3 comprised 6% (33/551)
of sex events and was named “PrEP adherent serodiscordant
topping.”
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Table 3. Latent classes and conditional probabilities of sex events (N=551).

PrEP adherent serodiscor-
dant topping (n=33)

PrEP imperfect-adherent
power bottoming (n=284)

PrEP nonadherent flip-
flopping (n=234)

Participants' PrEPa dosing regimens during the sex event

0.1200.1650.285Correct use of daily PrEP

0.8670.7200.524Correct use of EDb PrEP

0.0130.1140.191Incorrect use of PrEP

Participants' sexual positioning

1.0000.0110.613Insertive anal sex

0.0000.9890.139Receptive anal sex

0.0000.0000.248Both insertive and receptive anal sex in the same sex event

Partner’s HIV status

0.0480.3630.441Unknown HIV status

0.0000.0940.368Negative and on PrEP

0.0000.4570.177Negative but not on PrEP

0.9520.0860.014Positive with an undetectable viral load

Partner’s agec

0.7460.2880.090Partner was at least one age category older

0.0000.4950.563The same as participant’s age category

0.2540.2170.347Partner was at least one age category younger

aPrEP: pre-exposure prophylaxis.
bED: event-driven.
cAge category difference was based on the following age categorical variables of the sexual partners reported by the participants: less than 20, 21 to
30, 31 to 40, 41 to 50, 51 to 60, and above 60 years old.

Clusters and Condomless Anal Sex
The proportion of condomless anal sex in each class was 85%
(198/234), 69% (197/284), and 100% (33/33), respectively
(Table 4). Since the sex events in “PrEP adherent serodiscordant
topping” were all condomless, we only compared the probability
of condomless anal sex between “PrEP nonadherent
flip-flopping” and “PrEP imperfect-adherent power bottoming.”

In logistic regression, “PrEP nonadherent flip-flopping” events
were 1.43 times more likely to be condomless anal sex compared
to “PrEP imperfect-adherent power bottoming” (OR 2.43, 95%
CI 1.57-3.76; P<.001). After adjusting for the random intercepts,
the odds for condomless anal sex were still significantly different
between “PrEP nonadherent flip-flopping” and “PrEP
imperfect-adherent power bottoming” (OR 1.83, 95% CI
1.03-3.25; P=.04).
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Table 4. Logistic regression for condomless anal intercourse among three classes.

P value95% CIOR% of condomless
anal sex

Model 1

<.0011.57-3.762.4385%PrEPa nonadherent flip-flopping

———69%ref: PrEP imperfect-adherent power bottomingb

———100%PrEP adherent serodiscordant toppingc

Model 2

.041.03-3.251.8385%PrEP nonadherent flip-floppingd

———69%ref: PrEP imperfect-adherent power bottomingb

———100%PrEP adherent serodiscordant toppingc

aPrEP: pre-exposure prophylaxis.
bPrEP imperfect-adherent power bottoming was the reference group; hence, empty cells were shown in the table.
cPrEP adherent serodiscordant topping was not included in logistic regression due to 100% of condomless anal intercourse; hence empty cells were
shown in the table.
dAdding random intercepts for individuals.

Discussion

Our study outlined 3 types of users and their behavioral patterns
through analyzing their logs. This is the first study to classify
event-level data and investigate the relationship between condom
use and the heterogeneous profiles of sexual activities, including
PrEP uptake among MSM. We demonstrated the use of
event-level data of PrEP intake and sex diary logs from a mobile
app to capture PrEP adherence in the real world. The sex diary
allowed users to self-monitor and researchers to track
unprotected sexual behavior and PrEP adherence. Even though
high PrEP adherence was observed in our sample, only
one-quarter (8/32) of participants had 100% PrEP adherence
during the study period. If other HIV prevention methods such
as condoms were practiced, imperfect PrEP adherence would
not always be a concern; however, if neither PrEP nor condom
use is well-adhered, such sexual activities would be exposed to
higher HIV risk.

For example, “PrEP nonadherent flip-flopping” required more
public health attention because they were neither PrEP nor
condom protected. “PrEP nonadherent flip-flopping” comprised
both bottoms and tops on a mixed PrEP-dosing regimen with
unknown HIV status partners and had significantly lower odds
of using condoms versus the “PrEP imperfect-adherent power
bottoming” group. One possible reason for not using condoms
among the “PrEP nonadherent flip-flopping” group may be that
up to one-third (86/234, 36.8%) of sexual partners in this group
were HIV-negative and on PrEP. The probability of HIV
infection from a partner who was on PrEP was relatively low,
and it may have resulted in reduced intention to use condoms
[5,6]; however, 44% (103/234) of partners were still
HIV-unknown in this group. Even though no participants
acquired HIV in the 4-month study period, this group may have
been exposed to HIV risk longitudinally. MSM require
interventions to assist in taking PrEP correctly, such as

reminders or notifications from mobile apps or individualized
consultations with their PrEP navigators about their difficulties.

We identified one class, the “PrEP imperfect-adherent power
bottoming,” mainly comprised of bottoms with HIV-negative
partners, not on PrEP. This group may have been aware of their
own risk and therefore practiced HIV prevention behavior: 90%
(251/284) of sex events were protected by PrEP, and almost
one-third (87/284, 30.6%) were protected by condoms. A
discrete choice experiment study used conditional logic analysis
to understand the preference for PrEP and condoms based on
the hypothesized risk of HIV among gay, bisexual, and other
MSM and showed that condoms were used as additional
protection besides PrEP when there is a perceived increase in
HIV risk [35], which was similar to the behavior of condom
use in the “PrEP imperfect-adherent power bottoming.” Whether
MSM in this class used condoms depended on their perception
of the HIV risk in each sex event. This was also the largest class
in our sample, which showed a potential for a combination
prevention intervention that adapts to the fluctuating risk for
each individual.

The “PrEP adherent serodiscordant topping” class, mainly
comprised of tops and partners who were HIV positive with
UVL, chose to protect themselves with PrEP instead of
condoms—all sex events in this class were condomless. Reasons
for MSM to have sex without condoms if they were already on
PrEP include reduced fear of HIV, lessened anxiety of having
sex due to PrEP use, and maintaining sexual pleasure [6,7].
Furthermore, MSM might decide not to use condoms when
having sex with a regular sexual partner due to the mutual trust
that friends would not put them at risk [6]. Some MSM indicated
that they did not want to use condoms, and therefore they
showed strong adherence to PrEP [6]. In this class, we found
that PrEP had been successfully implemented, and the concept
of “undetectable equals untransmissible” had been
well-accepted. Public health researchers still need to stress the
importance of using condoms to prevent other sexually
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transmitted infections. However, with the broadened options
for HIV prevention, condoms might not be the first choice for
many people in the real world. Therefore, health educational
campaigns may need to reprioritize prevention information to
achieve optimal effectiveness.

Sex diary data used in this study uniquely included measurement
for ED PrEP adherence, such as hours of sex events, instead of
only dates. Compared to the apps designed for a daily dosing
regimen, the UPrEPU app provided reminders for ED PrEP
users to take PrEP based on when sex happened and users’
previous dosing regimens. Adherence to ED PrEP can be
calculated only when the hours of the sex event can be logged
on an app such as UPrEPU. Such a feature is particularly
important since ED PrEP use is more prevalent during the
COVID-19 pandemic [36].

The strength of our study was its use of sex diaries to capture
the fluctuating HIV risk of sexual behaviors and to classify the
diverse patterns of sex events. Most studies have identified the
different HIV risks based on the individual level [12-15]. They
categorized MSM into different subtypes, but MSM perform
various types of sexual behaviors in the real world, which
suggests that analyzing event-level data is closer to reality.
Identifying the risky class from the diverse patterns of sex events
helps researchers build up a specific intervention more
intentionally. We offer a more comprehensive recommendation
for MSM by looking at different sex roles and PrEP adherence.
Based on our findings, future mobile apps can consider giving
notifications according to each user’s previous patterns of sex
events.

Limitations
This study has the following limitations. First, participants could
see whether they took PrEP correctly in each sex event from
the UPrEPU app. This may have interfered with their own

judgment for whether they were protected by PrEP and affected
their decision to use condoms. Without the app's assistance,
PrEP users might not perceive the PrEP adherence correctly,
and the decision-making of condom use would be relying solely
on their self-perception, which could either be over-estimating
or underestimating PrEP adherence.

Second, some contexts of sexual activities were not yet collected
in our study. More details of sexual activities may change the
categorization in LCA. Information such as whether the partner
is a steady sex partner, uses chemsex/sexualized drugs, and
belongs to particular sexual networks may be confounders for
the association between PrEP adherence and condom use. Lastly,
the representative of the study population may be limited due
to the recruitment and inclusion criteria. We included
participants from only two medical centers and those who had
a relatively high frequency of sex events, which restricted the
generalizability to MSM who did not use PrEP to protect
themselves or whose frequency of sex events was low.

Conclusions
Our study advances the understanding of the association between
HIV risk and the different types of sexual activities. We
demonstrated the potential to use mobile app-based sex and
PrEP diary for the future development of effective intervention
programs by identifying high-risk groups. This study identified
that one class, “PrEP nonadherent flip-flopping,” demanded
more support for implementing an HIV prevention strategy.
“PrEP imperfect-adherent power bottoming” demonstrated that
condoms were used as extra protection other than PrEP, and
“PrEP adherent serodiscordant topping” showed almost perfect
PrEP adherence but risked other sexually transmitted infections.
Future HIV interventions should consider combining various
strategies to improve the effectiveness of HIV prevention
programs.

Acknowledgments
This study was supported by the Taiwan Ministry of Science and Technology (MOST 108-2636-B-006-004, 109-2636-B-006-004,
and MOST 110-2636-B-006-011) and the Taiwan Ministry of Health and Welfare, Centers for Disease Control (MOHW
109-CDC-C-114-000104). All authors are very appreciative of all participants involved in the pilot study of the UPrEPU app.
The MOST and the Taiwan Centers for Disease Control had no role in the design of the study and the collection, analysis, or
interpretation of data or writing of the manuscript.

Authors' Contributions
CS, HW, and YY conceived, designed, and performed the study. HW and YY analyzed the data and drew the figure and tables.
YY and CS wrote the manuscript. YY, CS, HW, SK, PH, CL, and PH revised the manuscript. All authors reviewed and approved
the final manuscript.

Conflicts of Interest
None declared.

References

1. Fonner V. Effectiveness and safety of oral HIV preexposure prophylaxis for all populations. AIDS (London, England) 2016
Jul 31;30(12):1973-1983. [doi: 10.1097/qad.0000000000001145]

2. MacGibbon J, Lea T, Ellard J, Murphy D, Kolstee J, Power C, et al. Access to Subsidized Health Care Affects HIV
Pre-Exposure Prophylaxis (PrEP) Uptake Among Gay and Bisexual Men in Australia: Results of National Surveys 2013-2019.
JAIDS Journal of Acquired Immune Deficiency Syndromes 2021 Apr 01;86(4):430-435. [doi:
10.1097/QAI.0000000000002572] [Medline: 33230031]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e33877 | p. 8https://www.jmir.org/2021/12/e33877
(page number not for citation purposes)

Yu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1097/qad.0000000000001145
http://dx.doi.org/10.1097/QAI.0000000000002572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33230031&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Wu H, Ku SW, Li C, Ko N, Yu T, Chung A, et al. Factors Associated with Preferred Pre-Exposure Prophylaxis Dosing
Regimen Among Men Who Have Sex with Men in Real-World Settings: A Mixed-Effect Model Analysis. AIDS and
Behavior 2020 Jul 08;25(1):249-258. [doi: 10.1007/s10461-020-02964-5]

4. Ogunbajo A, Kang A, Shangani S, Wade RM, Onyango DP, Odero WW, et al. Awareness and Acceptability of pre-exposure
prophylaxis (PrEP) among gay, bisexual and other men who have sex with men (GBMSM) in Kenya. AIDS Care 2019
Apr 30;31(10):1185-1192. [doi: 10.1080/09540121.2019.1612023]

5. Carlo Hojilla J, Koester KA, Cohen SE, Buchbinder S, Ladzekpo D, Matheson T, et al. Sexual Behavior, Risk Compensation,
and HIV Prevention Strategies Among Participants in the San Francisco PrEP Demonstration Project: A Qualitative Analysis
of Counseling Notes. AIDS and Behavior 2015 Apr 3;20(7):1461-1469. [doi: 10.1007/s10461-015-1055-5]

6. Gafos M, Horne R, Nutland W, Bell G, Rae C, Wayal S, et al. The Context of Sexual Risk Behaviour Among Men Who
Have Sex with Men Seeking PrEP, and the Impact of PrEP on Sexual Behaviour. AIDS and Behavior 2018 Oct
10;23(7):1708-1720. [doi: 10.1007/s10461-018-2300-5]

7. Storholm ED, Volk JE, Marcus JL, Silverberg MJ, Satre DD. Risk Perception, Sexual Behaviors, and PrEP Adherence
Among Substance-Using Men Who Have Sex with Men: a Qualitative Study. Prevention Science 2017 Jun 3;18(6):737-747.
[doi: 10.1007/s11121-017-0799-8]

8. Holt M, Lea T, Mao L, Kolstee J, Zablotska I, Duck T, et al. Community-level changes in condom use and uptake of HIV
pre-exposure prophylaxis by gay and bisexual men in Melbourne and Sydney, Australia: results of repeated behavioural
surveillance in 2013–17. The Lancet HIV 2018 Aug 05;5(8):e448-e456. [doi: 10.1016/s2352-3018(18)30072-9]

9. Sagaon-Teyssier L, Suzan-Monti M, Demoulin B, Capitant C, Lorente N, Préau M, for the ANRS IPERGAY Study Group.
Uptake of PrEP and condom and sexual risk behavior among MSM during the ANRS IPERGAY trial. AIDS Care 2016
Feb 17;28(sup1):48-55. [doi: 10.1080/09540121.2016.1146653]

10. Mugwanya KK, Donnell D, Celum C, Thomas KK, Ndase P, Mugo N, et al. Sexual behaviour of heterosexual men and
women receiving antiretroviral pre-exposure prophylaxis for HIV prevention: a longitudinal analysis. The Lancet Infectious
Diseases 2013 Oct 17;13(12):1021-1028. [doi: 10.1016/s1473-3099(13)70226-3]

11. Franks J, Hirsch-Moverman Y, Loquere AS, Amico KR, Grant RM, Dye BJ, et al. Sex, PrEP, and Stigma: Experiences
with HIV Pre-exposure Prophylaxis Among New York City MSM Participating in the HPTN 067/ADAPT Study. AIDS
and Behavior 2017 Nov 15;22(4):1139-1149. [doi: 10.1007/s10461-017-1964-6]

12. Dangerfield DT, Carmack CC, Gilreath TD, Duncan DT. Latent Classes of Sexual Positioning Practices and Sexual Risk
Among Men Who Have Sex with Men in Paris, France. AIDS and Behavior 2018 Sep 1;22(12):4001-4008. [doi:
10.1007/s10461-018-2267-2]

13. Kelly JA, DiFranceisco WJ, St. Lawrence JS, Amirkhanian YA, Anderson-Lamb M. Situational, Partner, and Contextual
Factors Associated with Level of Risk at Most Recent Intercourse Among Black Men Who Have Sex with Men. AIDS and
Behavior 2013 Jul 19;18(1):26-35. [doi: 10.1007/s10461-013-0532-y]

14. Achterbergh RCA, de Vries HJC, Boyd A, Davidovich U, Drückler S, Hoornenborg E, et al. Identification and characterization
of latent classes based on drug use among men who have sex with men at risk of sexually transmitted infections in Amsterdam,
the Netherlands. Addiction 2020 Jan 07;115(1):121-133. [doi: 10.1111/add.14774] [Medline: 31400174]

15. Chan PA, Rose J, Maher J, Benben S, Pfeiffer K, Almonte A, et al. A Latent Class Analysis of Risk Factors for Acquiring
HIV Among Men Who Have Sex with Men: Implications for Implementing Pre-Exposure Prophylaxis Programs. AIDS
Patient Care and STDs 2015 Oct 27;29(11):597-605. [doi: 10.1089/apc.2015.0113]

16. Schnarrs PW, Rosenberger JG, Schick V, Delgado A, Briggs L, Dodge B, et al. Difference in Condom Use Between Bear
Concordant and Discordant Dyads During the Last Anal Sex Event. Journal of Homosexuality 2016 May 13;64(2):195-208.
[doi: 10.1080/00918369.2016.1174024]

17. Sandfort T, Yi H, Knox J, Reddy V. Sexual Partnership Types as Determinant of HIV Risk in South African MSM: An
Event-Level Cluster Analysis. AIDS and Behavior 2012 Sep 6;17(S1):23-32. [doi: 10.1007/s10461-012-0294-y]

18. Dangerfield DT, Gravitt P, Rompalo AM, Tai R, Lim SH. Correlates of anal sex roles among Malay and Chinese MSM in
Kuala Lumpur, Malaysia. International journal of STD & AIDS 2015 Apr 16;27(4):313-320. [doi:
10.1177/0956462415581125]

19. Liu AY, Laborde ND, Coleman K, Vittinghoff E, Gonzalez R, Wilde G, et al. DOT Diary: Developing a Novel Mobile
App Using Artificial Intelligence and an Electronic Sexual Diary to Measure and Support PrEP Adherence Among Young
Men Who Have Sex with Men. AIDS and Behavior 2020 Oct 12;25(4):1001-1012. [doi: 10.1007/s10461-020-03054-2]

20. Finkenflügel RN, Hoornenborg E, Achterbergh RC, Marra E, Davidovich U, de Vries HJ, et al. A Mobile Application to
Collect Daily Data on Preexposure Prophylaxis Adherence and Sexual Behavior Among Men Who Have Sex With Men:
Use Over Time and Comparability With Conventional Data Collection. Sexually transmitted diseases 2019 Jun;46(6):400-406.
[doi: 10.1097/olq.0000000000000999]

21. Songtaweesin WN, Kawichai S, Phanuphak N, Cressey TR, Wongharn P, Saisaengjan C, CE-PID - TRC Adolescent Study
Team. Youth-friendly services and a mobile phone application to promote adherence to pre-exposure prophylaxis among
adolescent men who have sex with men and transgender women at-risk for HIV in Thailand: a randomized control trial.
Journal of the International AIDS Society 2020 Sep 31;23 Suppl 5(S5):e25564 [FREE Full text] [doi: 10.1002/jia2.25564]
[Medline: 32869511]

J Med Internet Res 2021 | vol. 23 | iss. 12 | e33877 | p. 9https://www.jmir.org/2021/12/e33877
(page number not for citation purposes)

Yu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s10461-020-02964-5
http://dx.doi.org/10.1080/09540121.2019.1612023
http://dx.doi.org/10.1007/s10461-015-1055-5
http://dx.doi.org/10.1007/s10461-018-2300-5
http://dx.doi.org/10.1007/s11121-017-0799-8
http://dx.doi.org/10.1016/s2352-3018(18)30072-9
http://dx.doi.org/10.1080/09540121.2016.1146653
http://dx.doi.org/10.1016/s1473-3099(13)70226-3
http://dx.doi.org/10.1007/s10461-017-1964-6
http://dx.doi.org/10.1007/s10461-018-2267-2
http://dx.doi.org/10.1007/s10461-013-0532-y
http://dx.doi.org/10.1111/add.14774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31400174&dopt=Abstract
http://dx.doi.org/10.1089/apc.2015.0113
http://dx.doi.org/10.1080/00918369.2016.1174024
http://dx.doi.org/10.1007/s10461-012-0294-y
http://dx.doi.org/10.1177/0956462415581125
http://dx.doi.org/10.1007/s10461-020-03054-2
http://dx.doi.org/10.1097/olq.0000000000000999
http://europepmc.org/abstract/MED/32869511
http://dx.doi.org/10.1002/jia2.25564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32869511&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Biello KB, Hill-Rorie J, Valente PK, Futterman D, Sullivan PS, Hightow-Weidman L, et al. Development and Evaluation
of a Mobile App Designed to Increase HIV Testing and Pre-exposure Prophylaxis Use Among Young Men Who Have Sex
With Men in the United States: Open Pilot Trial. Journal of Medical Internet Research 2021 Mar 24;23(3):e25107 [FREE
Full text] [doi: 10.2196/25107] [Medline: 33759792]

23. Koss CA, Hosek SG, Bacchetti P, Anderson PL, Liu AY, Horng H, et al. Comparison of Measures of Adherence to Human
Immunodeficiency Virus Preexposure Prophylaxis Among Adolescent and Young Men Who Have Sex With Men in the
United States. Clinical Infectious Diseases 2018 Jan 06;66(2):213-219 [FREE Full text] [doi: 10.1093/cid/cix755] [Medline:
29020194]

24. Miller RL, Forney JC, McNall MA. Recent sexual partnerships among adolescent and emerging adult black men who have
sex with men: The role of age and race discordant partnerships in risk-taking behavior. Journal of HIV/AIDS & Social
Services 2014 Aug 21;13(3):252-270. [doi: 10.1080/15381501.2012.748584]

25. Van der Bij AK, Kolader ME, de Vries HJC, Prins M, Coutinho RA, Dukers NHTM. Condom use rather than serosorting
explains differences in HIV incidence among men who have sex with men. JAIDS Journal of Acquired Immune Deficiency
Syndromes 2007 Aug 15;45(5):574-580. [doi: 10.1097/qai.0b013e3180959ab7]

26. Strong C, Wu H, Tseng Y, Yuan C, Yu Y, Liao JC, et al. Mobile App (UPrEPU) to Monitor Adherence to Pre-exposure
Prophylaxis in Men Who Have Sex With Men: Protocol for a User-Centered Approach to Mobile App Design and
Development. JMIR Research Protocols 2020 Dec 1;9(12):e20360. [doi: 10.2196/20360]

27. Wu H, Wen-Wei Ku S, Chang HH, Li C, Ko N, Strong C. Imperfect adherence in real life: a prevention-effective perspective
on adherence to daily and event-driven HIV pre-exposure prophylaxis among men who have sex with men - a prospective
cohort study in Taiwan. Journal of the International AIDS Society 2021 May 20;24(5):e25733 [FREE Full text] [doi:
10.1002/jia2.25733] [Medline: 34018330]

28. Yen-Hao Chu I, Wen-Wei Ku S, Li C, Toh HS, Yang C, Wu K, et al. Taiwan guideline on oral pre-exposure prophylaxis
for HIV prevention?2018 update. Journal of Microbiology, Immunology and Infection 2020 Feb;53(1):1-10. [doi:
10.1016/j.jmii.2019.09.003]

29. Vaccher SJ, Marzinke MA, Templeton DJ, Haire BG, Ryder N, McNulty A, et al. Predictors of Daily Adherence to HIV
Pre-exposure Prophylaxis in Gay/Bisexual Men in the PRELUDE Demonstration Project. AIDS and Behavior 2018 Dec
06;23(5):1287-1296. [doi: 10.1007/s10461-018-2353-5]

30. Linzer DA, Lewis JB. poLCA: An R Package for Polytomous Variable Latent Class Analysis. Journal of statistical software
2011 Jun;42(10):1-29. [doi: 10.18637/jss.v042.i10]

31. Akaike H. Information Theory and an Extension of the Maximum Likelihood Principle. Selected Papers of Hirotugu Akaike
1998:199-213. [doi: 10.1007/978-1-4612-1694-0_15]

32. Schwarz G. Estimating the Dimension of a Model. Annals of statistic 1978 Mar 1;6(2):461-464. [doi:
10.1214/aos/1176344136]

33. Larose C, Harel O, Kordas K, Dey DK. Latent class analysis of incomplete data via an entropy-based criterion. Statistical
Methodology 2016 Sep;32:107-121. [doi: 10.1016/j.stamet.2016.04.004]

34. Yang C. Evaluating latent class analysis models in qualitative phenotype identification. Computational Statistics & Data
Analysis 2006 Feb;50(4):1090-1104. [doi: 10.1016/j.csda.2004.11.004]

35. Tan RKJ, Wang Y, Prem K, Harrison-Quintana J, Teo AKJ, Kaur N, et al. HIV Pre-Exposure Prophylaxis, Condoms, or
Both? Insights on Risk Compensation Through a Discrete Choice Experiment and Latent Class Analysis Among Men Who
Have Sex With Men. Value in Health 2021 May;24(5):714-723. [doi: 10.1016/j.jval.2020.11.023]

36. Chow E, Hocking JS, Ong JJ, Schmidt T, Buchanan A, Rodriguez E, et al. Changing the Use of HIV Pre-exposure Prophylaxis
Among Men Who Have Sex With Men During the COVID-19 Pandemic in Melbourne, Australia. Open Forum Infect Dis
2020 Jul;7(7):ofaa275 [FREE Full text] [doi: 10.1093/ofid/ofaa275] [Medline: 32704518]

Abbreviations
AIC: Akaike Information Criteria
BIC: Bayesian Information Criteria
ED: event-driven
LCA: latent class analysis
MSM: men who have sex with men
PrEP: pre-exposure prophylaxis
UVL: undetectable viral load

J Med Internet Res 2021 | vol. 23 | iss. 12 | e33877 | p. 10https://www.jmir.org/2021/12/e33877
(page number not for citation purposes)

Yu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2021/3/e25107/
https://www.jmir.org/2021/3/e25107/
http://dx.doi.org/10.2196/25107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759792&dopt=Abstract
http://europepmc.org/abstract/MED/29020194
http://dx.doi.org/10.1093/cid/cix755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29020194&dopt=Abstract
http://dx.doi.org/10.1080/15381501.2012.748584
http://dx.doi.org/10.1097/qai.0b013e3180959ab7
http://dx.doi.org/10.2196/20360
http://europepmc.org/abstract/MED/34018330
http://dx.doi.org/10.1002/jia2.25733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34018330&dopt=Abstract
http://dx.doi.org/10.1016/j.jmii.2019.09.003
http://dx.doi.org/10.1007/s10461-018-2353-5
http://dx.doi.org/10.18637/jss.v042.i10
http://dx.doi.org/10.1007/978-1-4612-1694-0_15
http://dx.doi.org/10.1214/aos/1176344136
http://dx.doi.org/10.1016/j.stamet.2016.04.004
http://dx.doi.org/10.1016/j.csda.2004.11.004
http://dx.doi.org/10.1016/j.jval.2020.11.023
http://europepmc.org/abstract/MED/32704518
http://dx.doi.org/10.1093/ofid/ofaa275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32704518&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 27.09.21; peer-reviewed by TH Kwan, B Ma; comments to author 18.10.21; revised version received
26.10.21; accepted 21.11.21; published 23.12.21

Please cite as:
Yu YF, Wu HJ, Ku SWW, Huang PH, Li CW, Huang P, Strong C
Condomless Anal Sex Associated With Heterogeneous Profiles Of HIV Pre-Exposure Prophylaxis Use and Sexual Activities Among
Men Who Have Sex With Men: A Latent Class Analysis Using Sex Diary Data on a Mobile App
J Med Internet Res 2021;23(12):e33877
URL: https://www.jmir.org/2021/12/e33877
doi: 10.2196/33877
PMID:

©Yi-Fang Yu, Huei-Jiuan Wu, Stephane Wen-Wei Ku, Po-Hsien Huang, Chia-Wen Li, Poyao Huang, Carol Strong. Originally
published in the Journal of Medical Internet Research (https://www.jmir.org), 23.12.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 12 | e33877 | p. 11https://www.jmir.org/2021/12/e33877
(page number not for citation purposes)

Yu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2021/12/e33877
http://dx.doi.org/10.2196/33877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

