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A B S T R A C T

Background: Optimising HIV pre-exposure prophylaxis (PrEP) provision requires insight into preferences of PrEP
regimens and PrEP discontinuation. We assessed regimen switching and discontinuation and their determinants
amongmenwho have sex with men (MSM) participating in the Amsterdam PrEP demonstration project.
Methods: Between 3-August-2015 and 31-May-2016, we enrolled MSM (n = 374) and TGP (n = 2) in a pro-
spective, longitudinal study. Participants could choose between daily or event-driven PrEP regimens at enrol-
ment and every 3 months. We assessed transition intensities (TI) and determinants of switching (i) between
regimens, and (ii) from either regimen to discontinuing PrEP using a multi-state Markov model. PrEP discon-
tinuation was defined as formally stopping study participation or having no study visit for �6 months.
Findings: Of 367 analysed participants, 73¢3% chose daily and 26¢7% event-driven PrEP at enrolment. Median
follow-up was 3¢1 years (IQR 2¢9�3¢2). 121 participants switched their PrEP regimen at least once (cumula-
tive probability 34¢2%, 95% CI 29¢4�39¢6), with 90 switches from event-driven to daily PrEP (TI 0¢35/PY, 95%
CI 0¢29�0¢44) and 113 switches from daily to event-driven PrEP (TI 0¢16/PY, 95% CI 0¢13�0¢20). Switching
from event-driven to daily PrEP was associated with younger age, not reporting sex with HIV-positive part-
ners, chemsex, and sexual compulsivity. Switching from daily to event-driven PrEP were associated with
younger age and lower sexual satisfaction. 67 participants discontinued PrEP (cumulative probability 17¢7%,
95% CI 14¢1�22¢2), with no difference between regimens: event-driven (n = 23, TI 0¢08/PY, 95% CI
0¢05�0¢13) and daily PrEP (n = 44, TI 0¢06/PY, 95% CI 0¢04�0¢08). Discontinuing daily PrEP was associated
with younger age, fewer casual partners, and higher number of condomless anal sex acts with casual
partners.
Interpretation: Switching between PrEP regimens was common, while going from event-driven to daily PrEP
use was associated with certain sexual-related determinants (i.e. chemsex, sexual compulsivity, no known
HIV-positive partners). PrEP discontinuation rates were low and independent of regimens. PrEP care should
consider the reasons for choice and switch of regimen and involve education on safely switching or discon-
tinuing PrEP, especially among younger MSM.
Funding: ZonMw, H-TEAM, RIVM, GGD research funds, Aidsfonds, Amsterdam Diner Foundation, Gilead Sci-
ences, Gilead Sciences Europe Ltd, Janssen Pharmaceuticals, MAC AIDS Fund, ViiV Healthcare.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords:

Pre-exposure prophylaxis
HIV
Prevention
Sexual behaviour
Men who have sex with men
Event-driven
yer), mvdelshout@ggd.amsterdam.nl (M.A.M. van den Elshout), rachterbergh@ggd.amsterdam.nl (R.C.A. Achterbergh),
sterdam.nl (M.F. Schim van der Loeff), udavidovich@ggd.amsterdam.nl (U. Davidovich), h.j.devries@amc.uva.nl
oornenborg@ggd.amsterdam.nl (E. Hoornenborg), aboyd@ggd.amsterdam.nl (A. Boyd).

d. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:lcoyer@ggd.amsterdam.nl
mailto:mvdelshout@ggd.amsterdam.nl
mailto:rachterbergh@ggd.amsterdam.nl
mailto:amatser@ggd.amsterdam.nl
mailto:mschim@ggd.amsterdam.nl
mailto:udavidovich@ggd.amsterdam.nl
mailto:h.j.devries@amc.uva.nl
mailto:mprins@ggd.amsterdam.nl
mailto:ehoornenborg@ggd.amsterdam.nl
mailto:aboyd@ggd.amsterdam.nl
https://doi.org/10.1016/j.eclinm.2020.100650
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eclinm.2020.100650
https://doi.org/10.1016/j.eclinm.2020.100650
http://www.ScienceDirect.com
http://https://www.journals.elsevier.com/eclinicalmedicine


Research in Context

Evidence before this study

A search of PubMed and conference databases from the Interna-
tional AIDS Society Conference and Conference on Retroviruses
and Opportunistic Infections until 25 March 2020 revealed that
most PrEP studies have focused on daily PrEP only, likely
because event-driven PrEP was included much later for clinical
use in the majority of PrEP guidelines and some countries
adopted event-driven PrEP only very recently. No long-term
longitudinal study has quantitatively addressed the frequency
and determinants of PrEP regimen switches and no data on
long-term PrEP retention rates and reasons for PrEP discontinu-
ation are available for settings in which both daily and event-
driven PrEP were used. Studies addressing daily PrEP retention
showed that participants who discontinue PrEP were more
likely to be younger, identify as black, and report decreased HIV
risk as a reason for discontinuing PrEP.

Added value of this study

We report on the frequency and determinants of switching
between PrEP regimens and on PrEP retention and determinants
of discontinuing daily and event-driven PrEP regimens. Our
results show that regimen switches were common during the
first three years of PrEP use and that overall retention was rela-
tively high at 82%, with no difference between regimens. We
observed that younger MSMwere more likely to switch between
regimens and more likely to discontinue daily PrEP and that cer-
tain sexual behaviours, in particular those related to HIV risk,
were substantial drivers of regimen switches and discontinua-
tions. In addition, more than half of those discontinuing PrEP
reported having CAS with casual partners in the three months
prior to their last study visit.

Implications of all the available evidence

PrEP care should focus on time-varying individual needs and
preferences, and PrEP care providers should consider the PrEP
user’s patterns of sexual behaviour in order to facilitate suitable
regimen choices. As some PrEP users may be at risk of HIV
acquisition after discontinuing PrEP, PrEP counselling should
include a discussion of all available risk reduction strategies,
and should include education on how to safely start, switch and
stop PrEP regimens. The information obtained regarding youn-
ger users and their higher rates of discontinuation helps inform
public health specialists that this group may require additional,
intensified and tailored campaigns promoting PrEP retention.

2 L. Coyer et al. / EClinicalMedicine 29�30 (2020) 100650
1. Introduction

Oral pre-exposure prophylaxis (PrEP) with tenofovir disoproxil
fumarate and emtricitabine is an effective measure to prevent human
immunodeficiency virus (HIV) acquisition [1]. Two modalities of PrEP
have been evaluated in randomised clinical trials and are currently
included in international guidelines: PrEP taken every 24 h (i.e. daily)
and PrEP taken before and after sexual contact (i.e. event-driven) [2].

Considerable uptake of this biomedical intervention has been
observed in mostly men who have sex with men (MSM). Recent stud-
ies conducted in this population have shown that there is substantial
variation in whether MSM prefer to initiate daily over event-driven
PrEP [3�6]. An individual’s choice of regimen over time is also likely
to fluctuate with changing sexual and social contexts [7]. To date, rea-
sons for changing PrEP regimens can only be inferred from single
studies assessing hypothetical preferences after initiating PrEP [8] or
qualitative analysis [9], while no long-term longitudinal study on this
issue has been conducted.

Understanding why individuals switch PrEP regimens is impor-
tant for several reasons. First, PrEP users may not be aware or
informed of the regimen most suitable to them. If they are poorly
informed about regimen options and the possibility of switching to
an alternative regimen, adherence to PrEP could be compromised
[10]. Second, frequent switching could be a proxy for dynamic
changes in behaviour, including sexual behaviours carrying a risk for
HIV acquisition. On the one hand, PrEP users could be quite capable
in estimating their evolving HIV risk or understanding when they are
able to better adhere to a given regimen [9], thus switching could
indicate self-efficacious PrEP use. On the other hand, maintaining suf-
ficient PrEP coverage of at-risk sex acts could be challenging for some
individuals switching regimens, who may be in need of additional
adherence counselling. Finally, daily PrEP use is associated with more
CAS acts with casual partners and higher incidence of bacterial STIs
than event-driven PrEP [11], making choice of PrEP regimen a useful
tool to assess risk of HIV and other STI.

In addition, retention in PrEP care is important for prevention and
early detection of HIV, safety monitoring, adherence and sexual
behaviour counselling, and testing for other sexually transmitted
infections (STI). Despite its importance, long-term retention rates
and characteristics of those who are not retained are understudied in
real-life settings. The few studies addressing retention have shown
that those who discontinue PrEP or are not retained in PrEP care are
usually younger [12,13] and have a decreased perceived risk of HIV
[12,14]. However, median follow-up time was generally one year or
shorter in these studies. Moreover, sexual behaviours differ between
users of daily and event-driven PrEP [11], hence discontinuing PrEP
due to perceived HIV risk could also be distinct between regimens.

We therefore studied the frequency and determinants of switch-
ing and discontinuing daily and event-driven PrEP among MSM from
the Amsterdam PrEP (AMPrEP) demonstration project in the Nether-
lands [3].

2. Methods

2.1. Study design and participants

AMPrEP is a prospective, open-label demonstration study con-
ducted at the STI clinic of the Public Health Service of Amsterdam,
the Netherlands. Study design and procedures have been described
in detail previously [3]. Briefly, HIV-negative MSM and transgender
persons aged 18 years or older who had sex with men were eligible
for inclusion if they reported one of the following in the 6 months
prior to inclusion: condomless anal sex (CAS) with casual partners, at
least one bacterial STI, use of post-exposure prophylaxis after a sex-
ual risk incident or an HIV-positive sexual partner with detectable
viral load [3]. Enrolment took place between 3 August 2015 and 31
May 2016 and follow-up is ongoing. All participants provided written
informed consent.

The study was approved by the ethics board of the Academic Med-
ical Center (Amsterdam, the Netherlands; NL49504¢018¢14) and is
registered with the Netherlands Trial Registry, number NL5302. The
study protocol is available online (https://www.ggd.amsterdam.nl/
infectieziekten/soa-hiv-sense/prep/amprep/). AMPrEP is part of the
HIV Transmission Elimination AMsterdam (H-TEAM) Initiative, a
multidisciplinary and integrative approach to stop the urban HIV epi-
demic.

2.2. Procedures

Eligible participants self-selected either daily or event-driven PrEP
(both free-of-charge) at inclusion after receiving objective

https://www.ggd.amsterdam.nl/infectieziekten/soa-hiv-sense/prep/amprep/
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information about both regimens from the study clinician. At each
study visit, satisfaction with the chosen PrEP regimen was discussed
and participants were given the opportunity to switch regimen [3].
Daily PrEP consisted of a single tablet containing tenofovir disoproxil
fumarate 245 mg combined with emtricitabine 200 mg, taken once
per day. Event-driven PrEP consisted of two tablets taken between
24 h and 2 h before sexual intercourse, followed by one tablet every
24 h up to 48 h after the last sexual intercourse.

We followed participants every 3 months. Participants completed
self-administered questionnaires on sexual behaviour every 3
months and on recreational drug use and mental health outcomes
every 12 months. At each study visit, we tested for HIV antigens and
antibodies using the LIAISON XL Murex HIV Ag/Ab assay (Diasorin,
Saluggia, Italy) with immunoblot confirmation (INNO_LIPA HIV I/II
Score; Fujirebio, Ghent, Belgium), and for Treponema pallidum using a
serological-based assay (LIAISON Treponema Screen, Diasorin) or a
rapid plasma regain test if a participant had a history of syphilis infec-
tion (RPR-Nosticon II; bioM�erieux, Boxtel, The Netherlands). We ana-
lysed urine, anal and pharyngeal swabs using nucleic amplification
testing for Chlamydia trachomatis and Neisseria gonorrhoeae (Aptima
combo 2, Hologic, San Diego, USA). Additional testing in case of STI-
suspected symptoms or receiving partner notification took place in-
between regular study visits.

2.3. Outcomes

We assessed PrEP regimen switches from event-driven to daily
PrEP and daily PrEP to event-driven PrEP (based on self-report) and
discontinuation of PrEP use for each participant at each follow-up
study visit. We defined PrEP discontinuation as formally stopping
study participation or having no study visit for more than 6 months
and never returning to the study. We considered the latter group lost
to follow-up (LTFU). Individuals who became HIV-positive during fol-
low-up were right-censored from the date of their diagnosis.

2.4. Determinants

We evaluated several determinants from self-reported question-
naires. Demographic variables included age, ethnicity, city of resi-
dence, education level, employment, net monthly income and living
situation.

Sexual behaviour variables included sexual orientation, number of
anal sex partners, number of casual sex partners, having �1 HIV-posi-
tive sex partner, number of anal sex acts, number of sex acts with
casual partners, any CAS, any CAS with casual sex partners, number
of CAS acts, number of CAS acts with casual sex partners.

All participants were asked if they used any of the following drugs
during sex: alcohol, amphetamine, cannabis, cocaine, erectile dys-
function drugs (EDD), g-hydroxybutyrate (GHB)/g-butyrolactone
(GBL), ketamine, methamphetamine, mephedrone, nitrites, 3,4-
methylenedioxy-N-methylamphetamine (XTC/MDMA), and other
drugs. We also assessed whether drugs were injected. We defined
chemsex as self-reported use of methamphetamine, GHB/GBL, and/or
mephedrone during sex.

We included STI results from any visit to our clinic in this analysis.
Any bacterial STI infection was defined as an incident diagnosis with
syphilis, chlamydia, and/or gonorrhoea in the preceding 3 months.

We evaluated five mental health outcomes: anxiety or depressive
mood disorder using the 5-item Mental Health Inventory (MHI-5),
sexual compulsivity using the Sexual Compulsivity Scale (SCS), sexual
satisfaction using the New Sexual Satisfaction Scale (NSSS), alcohol-
use disorder using the Alcohol Use Disorder Identification Test
(AUDIT), and drug-use disorder using the Drug Use Disorder Identifi-
cation Test (DUDIT). A summary of assessments can be found in the
Supplement. Briefly, indication of anxiety or depressive mood disor-
der was defined as an MHI-5 <60, sexual compulsivity as an SCS �
24, alcohol-use disorder as an AUDIT �8, and drug-use disorder as a
DUDIT �8. Sexual satisfaction was assessed on a continuous scale.

Time-fixed variables were ethnicity, city of residence, education
level, employment, net monthly income, living situation, and sexual
orientation (obtained at enrolment). All other variables were time-
updated, with the recall period for behavioural factors being 3
months, except for chemsex (6 months) and injecting drug use (12
months). For questions not asked every 3 months, we imputed miss-
ing data from the subsequent visit with available data.

2.5. Statistical analysis

For this analysis, follow-up began at enrolment and ended at PrEP
discontinuation, date of HIV diagnosis, or last visit before 1 April
2019, whichever occurred first. We calculated the cumulative propor-
tion of participants who switched at least once and of participants
who discontinued PrEP using Kaplan�Meier methods, overall, and by
PrEP regimen at enrolment.

We considered three states which participants could occupy dur-
ing follow-up: (1) daily PrEP, (2) event-driven PrEP, and (3) discon-
tinued PrEP use. Using a time-homogenous, continuous-time, multi-
state Markov model, we modelled transition intensities (TI), which
are given as instantaneous rates of a transition occurring (i.e. inci-
dence rates) and depend on the probability of occupying a certain
state at each study visit. We simultaneously estimated the TI for tran-
sitions between PrEP regimens � from event-driven to daily PrEP
and from daily PrEP to event-driven PrEP separately � and from
either PrEP regimen to discontinuation (Fig. 1). PrEP discontinuation
was modelled as an absorbing state, i.e. participants were considered
to have permanently discontinued PrEP once entering this state.

To identify determinants for transitions between states, the TI
between levels of factors can be modelled as a proportional hazard.
From this model, we calculated univariable and multivariable hazard
ratios (HR) and their 95% confidence intervals (CI) comparing levels
of factors. Since determinants for switching regimens and long-term
discontinuation are mostly unknown, we decided to use a predictive
modelling approach. We included all factors that were associated
(P <0¢05) with at least one of the four transitions in multivariable
analysis. A backwards selection procedure was subsequently
employed to obtain a parsimonious model by sequentially removing
variables that were no longer associated with at least one out of four
transitions. We assessed collinearity using polychoric correlations.
We did not test for effect modification between variables.

We carried out analysis using Stata version 15¢0 (StataCorp, Col-
lege Station, TX, USA) and the msm package [15] in the R statistical
computing environment version 3¢5¢2 (Vienna, Australia).

2.6. Role of the funding source

The study funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the report. The
authors had full access to all data and were responsible for the deci-
sion to submit for publication.

3. STROBE guidelines

This article adheres to the STROBE guidelines for reporting of
observational cohort studies.

4. Results

Of 376 enrolled participants, nine (2¢4%) did not have follow-up
data and were excluded. Of the 367 included in analysis, 365 were
MSM and 2 transgender women (Tables 1 and S1). At enrolment,
median age was 40¢4 years (interquartile range [IQR] 32¢6�48¢5),
315 (85¢8%) self-identified as white, 223 (60¢8%) lived in Amsterdam,



Fig. 1. Transitions (black arrows) between PrEP regimens and from each regimen to discontinuation, among 365 MSM and 2 TGP participating in the AMPrEP project, Amsterdam,
the Netherlands, 2015�2019. Non-black arrows represent continuations of the chosen regimen at each visit.
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280 (76¢3%) had a college or university degree and 289 (79¢0%)
declared being exclusively homosexual. A total of 269 (73¢3%) partici-
pants initiated daily and 98 (26¢7%) participants event-driven PrEP.

Median follow-up was 3¢1 years (IQR 2¢9�3¢2), totalling 1026¢1
person-years (PY). Fig. 2 shows all transitions between states over
the course of the first three years of follow-up. 121 participants
switched their PrEP regimen at least once (3-year cumulative proba-
bility 34¢2%, 95% CI 29¢4�39¢6). Of those who started daily PrEP, 75
switched to event-driven PrEP (3-year cumulative probability 28¢8%,
95% CI 23¢6�34¢9), while the median time until first switch was
1¢1 years (IQR 0¢5�1¢9). Of those who started event-driven PrEP, 46
switched to daily PrEP (3-year cumulative probability 49¢2%, 95% CI
39¢3�60¢1), while the median time until first switch was 0¢5 years
(IQR 0¢2�1¢4). Among those who switched regimens, the number of
switches until the end of follow-up (n = 203) was distributed as fol-
lows: once, n = 67; twice, n = 36; thrice, n = 11; four times, n = 4; five
times, n = 3. The overall incidence of switching, regardless of the
direction, slightly decreased over time from 0¢23/PY (95% CI
0¢19�0¢29) in the first year on PrEP to 0¢16/PY (95% CI 0¢12�0¢22) in
the third year on PrEP. Of the 203 switches, 85 (41¢9%) occurred in
the first year on PrEP, 61 (30¢0%) in the second year and 48 (23¢6%) in
the third year.

Fig. 1 visualises the number of participants per PrEP state and
transitions between states over follow-up. Switches from event-
driven to daily PrEP occurred at a mean TI of 0¢35/PY (95% CI
0¢29�0¢44) and daily to event-driven PrEP at a mean TI of 0¢16/PY
(95% CI 0¢13�0¢20). Switches from event-driven to daily PrEP were
2¢18 times (95% CI 1¢67�2¢85) more likely than the reverse.

In multivariable analysis, switching from event-driven to daily
PrEP was associated with younger age, not reporting sex with any
HIV-positive partners, engaging in chemsex and a SCS score of �24,
compared to staying on event-driven PrEP (Table 2). Switching from
daily to event-driven PrEP was associated with younger age, engag-
ing in chemsex, and lower NSSS score.

A total of 67 participants discontinued PrEP (3-year cumulative
probability 17¢7%, 95% CI 14¢1�22¢2), with no difference in TI
between regimens from which participants discontinued: daily PrEP
(n = 44, TI 0¢06, 95% CI 0¢04�0¢08) and event-driven PrEP (n = 23, TI
0¢08, 95% CI 0¢05�0¢13) (Fig. S1). Two participants, one consistent
and one former user of daily PrEP who both never switched regimens
[3], discontinued PrEP after being diagnosed HIV-positive and were
right-censored in analysis. Of the 67 participants who discontinued
PrEP, 33 (49¢3%) gave a reason for discontinuation (in Supplement)
and 34 (50¢7%) discontinued PrEP without providing a reason. Of the
67 participants who discontinued PrEP, 37/60 (61¢7%) reported CAS
with a casual partner in the 3 months prior to their last study visit
(Table 1), with no difference between those who provided a reason
for discontinuing and those who did not (results not shown). Nine
out of 67 (13¢4%) participants later restarted PrEP in the context of
this study, of whom three had originally discontinued PrEP due to
side effects. These transitions to restarting PrEP were not included in
analysis.

In multivariable analysis, discontinuing daily PrEP was associated
with younger age, fewer casual partners and more CAS acts with
casual partners (Table 3). In univariable analysis, those who had
fewer sex partners (any and casual), reported fewer sex acts (any and
condomless) with casual partners, reported lower levels of any CAS
(overall or with casual partners), or had lower NSSS scores were
more likely to discontinue event-driven PrEP, but none of these fac-
tors were retained or significant in the multivariable model.

5. Discussion

Based on the first three years after PrEP initiation in AMPrEP, we
provide a comprehensive, longitudinal description of how individuals
chose their PrEP regimen over the course of PrEP use and how fre-
quently individuals discontinued their regimen. Switching was fre-
quent: within a three-year time span, about one-third of individuals
switched their PrEP regimen. These switches were found more fre-
quently among younger MSM and were related to certain sexual
behaviours. Switching from event-driven to daily PrEP was associated
with chemsex, reporting signs of sexual compulsivity, and not report-
ing sex with known HIV-positive partners. Switching from daily to
event-driven PrEP also was associated with chemsex, and with lower
sexual satisfaction. In the same time frame, almost 20% of partici-
pants discontinued PrEP. Discontinuation, mostly from daily PrEP,
was similarly most likely to occur among younger MSM and be
related to sexual behaviour with casual partners. Discontinuation
was not linked to the type of PrEP regimen.

In the current study, we found that participants who switched to
daily PrEP were more likely to engage in chemsex, report signs of
sexual compulsivity, and not have reported sex with known HIV-pos-
itive partners. This suggests that participants choose to switch to
daily PrEP because of higher HIV risk. Chemsex and sexual compul-
sivity have both been previously implicated in HIV acquisition
[16,17]. In addition, HIV risk is arguably more present during sex



Table 1
Characteristics and behaviours of 365 MSM and 2 TGP participating in the AMPrEP project, at enrolment and at the time of discon-
tinuing PrEP or at last visit before censoring, Amsterdam, the Netherlands, 2015�2019.

Total (at enrolment) Discontinued PrEP (by last visit)

No Yes
N = 367 n = 298 n = 67

Factorsa N (%) n (%) n (%)

Socio-demographic characteristics
Age (years), median [IQR] 40¢4 [32¢6�48¢5] 44¢7 [36¢8�53¢0] 36¢4 [29¢9�44¢9]
<35 121 (33¢0%) 57 (19¢1%) 29 (43¢3%)
35�44 111 (30¢3%) 96 (32¢2%) 22 (32.8%)
�45 135 (36¢8%) 145 (48¢7%) 16 (23¢9%)

Gender identity
Male 365 (99¢5%) 297 (99¢7%) 66 (98.5%)
Transgender woman 2 (0¢5%) 1 (0¢3%) (1¢5%)

Non-white ethnicity 52 (14¢2%) 44 (14¢8%) 8 (11¢9%)
Residency outside Amsterdam 144 (39¢2%) 111 (37¢3%) 31 (46¢3%)
College/university degree 280 (76¢3%) 231 (77¢5%) 48 (71¢6%)
Employment
Employed 283/363 (78¢0%) 233/294 (79¢3%) 48 (71.6%)
Unemployed 18/363 (5¢0%) 13/294 (4¢4%) 5 (7¢5%)
Other 62/363 (17¢1%) 48/294 (16¢3%) 14 (20¢9%)

Net monthly income (Euro)
<1700 97/351 (27¢6%) 74/285 (26¢0%) 22/64 (34¢4%)
1701�2950 150/351 (42¢7%) 123/285 (43¢2%) 27/64 (42¢2%)
>2950 104/351 (29¢6%) 88/285 (30¢9%) 15/64 (23¢4%)

Living situation
Alone 195 (53¢1%) 158 (53¢0%) 36 (53.%)
With partner 117 (31¢9%) 102 (34¢2%) 14 (20.9%)
With parents/flatmates 55 (15¢0%) 38 (12¢8%) 17 (25¢4%)

Sexual orientation: not exclusively homosexual 77/366 (21¢0%) 62/297 (20¢9%) 15 (22¢4%)
Sexual behaviour
Number of anal sex partners, median [IQR]b 12 [6�25] 9 [4�20]e 6 [1�17¢5]f
Number of casual sex partners, median [IQR]c 12 [5�23] 8 [3�20]e 6 [0�15]f

Having �1 HIV-positive sex partnerb 229 (62¢4%) 141/287 (49¢1%) 21/59 (35¢6%)
Number of anal sex acts, median [IQR]b 22 [11�36] 15 [6�30]e 13 [5�40]e

Number of sex acts with casual sex partners, median [IQR]b 15 [7�28] 10 [4�24]e 7 [0�27]e

Any CASb 341 (92¢9%) 269/290 (92¢8%) 47/60 (78¢3%)
Any CAS with casual sex partnersb 324 (88¢3%) 253/290 (87¢2%) 37/60 (61¢7%)
Number of CAS acts, median [IQR]b 11 [4�23] 15 [5�30]e 10 [3�20]f

Number of CAS acts with casual partners, median [IQR]b 6 [2�14] 8¢5 [2�20]e 5 [0�18]f

Recreational drug use and mental health characteristics
Chemsex 155/362 (42¢8%) 42/102 (41¢2%) 5/22 (22¢7%)
Injecting drug use 11/362 (3¢0%)b 8/163 (4¢9%)d 2/26 (7¢7%)d
Any bacterial STIb 72/365 (19¢7%) 77/296 (26¢0%) 10/64 (15¢6%)
Chlamydia 36/358 (10¢1%) 40/295 (13¢6%) 7/64 (10¢9%)
Gonorrhoea 35/359 (9¢7%) 46/295 (15¢6%) 4/64 (6¢3%)
Syphilis 5/358 (1¢4%) 9/296 (3¢0%) 1/64 (1¢6%)

DUDIT score �8d 135/365 (37¢0%) 33/104 (31¢7%) 7/23 (30¢4%)
AUDIT score �8d 100/363 (27¢5%) 25/104 (24¢0%) 7/23 (30¢4%)
MHI-5 score <60d 76 (20¢7%) 22/101 (21¢8%) 6/23 (26¢1%)
SCS score �24d 83/366 (22¢7%) 8/101 (7¢9%) 3/23 (13¢0%)
NSSS score, median [IQR]d 45 [39�48] 47 [39�48]g 43 [33�52]h

Follow-up indicators
Years of follow-up, median [IQR] n.a. 3¢1 [2¢9�3¢3] 1¢7 [1¢1�2¢7]
Event-driven PrEP 98 (26¢7%) 94 (31¢5%) 24 (35¢8%)
Switched PrEP regimen at least once 121 (33¢0%) 103 (34¢6%) 18 (26¢9%)

AUDIT: Alcohol Use Disorder Identification Test; CAS: condomless anal sex; chemsex: use of methamphetamine, g-hydroxybuty-
ric acid(GHB)/g-butyrolactone(GBL) and/or mephedrone during sex; DUDIT: Drug Use Disorder Identification Test; HIV: human
immunodeficiency virus; MHI-5: 5-item Mental Health Inventory; n.a.: not applicable; NSSS: New Sexual Satisfaction Scale; PrEP:
pre-exposure prophylaxis; SCS: Sexual Compulsivity Scale; STI: sexually transmitted infection.

a All factors were time-updated except for ethnicity, city of residence, education level, employment, net monthly income, living
situation and sexual orientation.

b In the past 3 months.
c in the past 6 months.
d in the past 12 months.
e 8 missing.
f 7 missing.
g 197 missing.
h 44 missing.
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with a partner of unknown or uncertain HIV status, given that the
vast majority of known HIV-positive individuals in these settings
have undetectable viral loads [18].

Participants who switched to event-driven PrEP had lower sexual
satisfaction; some former users of daily PrEP mentioned that their
daily regimen facilitated more sex than preferred and/or sex per-
ceived as less intimate and satisfying [9]. For these users, the desire
to have less sex or more control over sex drove their choice to switch
to event-driven PrEP. Changes from daily to event-driven PrEP and
vice versa were both associated with chemsex, indicating frequent



Fig. 2. Transitions between PrEP states over the course of the first three years since PrEP initiation, among 365 MSM and 2 TGP participating in the AMPrEP project, Amsterdam, the
Netherlands, 2015�2019

The total number of participants included in all three states slightly decreases towards the end of follow-up as not all participants had yet reached these visits or were diagnosed
with HIV (n = 2).
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switching for these individuals. This finding is seemingly contradic-
tory and could be explained by factors specific to chemsex, i.e. fre-
quency of use, settings in which chemsex occurs, planning around
chemsex [19].

Similar factors appeared to be associated with PrEP discontinua-
tion. Those discontinuing daily PrEP reported fewer casual partners
and more CAS acts with casual partners. This observation could rep-
resent a shift towards more sex with fewer known casual partners,
which carries lower HIV risk or perceived HIV risk. Albeit not signifi-
cant in multivariable analysis, those who discontinued event-driven
PrEP also reported fewer partners and sex acts, suggesting a lower
level of sexual activity. Importantly, we did not find any associations
between PrEP discontinuation and engaging in chemsex, injecting
drug use, or STI diagnoses. Our data suggest it is indeed possible, in
the setting of Amsterdam, to retain PrEP users with frequent use of
recreational drugs and injecting drug use, which has been associated
with discontinuations in an Australian study [20]. However, some
data on drug use might not have been available at the visit directly
prior to PrEP discontinuation, hence the lack of association might be
due to missing data.

When considering the analysis on switching PrEP regimens and
PrEP discontinuation together, we observe that these endpoints are
substantially driven by certain patterns of sexual behaviour. More
specifically, it would appear that intermittent periods of PrEP use
parallel intermittent periods of risk, corresponding to what has been
previously described in literature as “seasons of risk” [7] and is sup-
ported by previous qualitative research within AMPrEP [9]. PrEP care
should therefore focus on time-varying individual needs and prefer-
ences. PrEP care providers should consider the PrEP user’s patterns of
sexual behaviour in order to facilitate suitable regimen choices. The
low HIV incidence [11] and high rates of adherence to both daily and
event-driven PrEP observed in AMPrEP [21,22] suggest that our par-
ticipants made appropriate regimen choices during their time on
PrEP. We also observed that 13% of the participants who initially dis-
continued PrEP later restarted it, thus blurring the line between peri-
odic PrEP use and PrEP discontinuation. This might be concerning
given that some individuals could have become habituated to CAS
while on PrEP [11] and could be prone to continue CAS without PrEP
and hence at-risk of HIV-acquisition [12,23,24]. As such, it is impor-
tant that PrEP care providers counsel PrEP users on how to safely
start and stop PrEP regimens and discuss all available risk reduction
strategies comprehensively (e.g. condom use, knowing sexual part-
ner’s HIV viral load status or PrEP use) [24].

Importantly, we found that regimen switches and discontinua-
tions were more likely to occur among younger MSM. Since HIV inci-
dence rates have recently failed to decrease among young
participants of an HIV-negative MSM cohort in Amsterdam [25],
additional, intensified and tailored counselling is needed for this



Table 2
Determinants of switching to and from daily and event-driven PrEP among 365 MSM and 2 TGP participating in the AMPrEP project, Amsterdam, the Netherlands, 2015�2019.

Univariable HR Multivariable

Event-driven! Daily PrEP Daily! Event-driven PrEP Event-driven! Daily PrEP Daily! Event-driven PrEP
Factorsa HR (95% CI)f HR (95% CI)f aHR (95% CI)f aHR (95% CI)

Calendar year (per year increase) 0¢63 (0¢50�0¢79) 0¢89 (0¢85�1¢71)
Socio-demographic characteristics
Age (per 10 year increase) 0¢73 (0¢61�0¢88) 0¢77 (0¢65�0¢91) 0¢67 (0¢52�0¢87) 0¢69 (0¢55�0¢88)
Non-white ethnicity 0¢94 (0¢51�1¢74) 1¢03 (0¢61�1¢72)
Residency outside Amsterdam 0¢76 (0¢48�1¢19) 0¢72 (0¢48�1¢06)
College/university degree 1¢53 (0¢81�2¢89) 1¢70 (1¢03�2¢82)
Employment
Employed ref. ref.
Unemployed 0¢44 (0¢16�1¢22) 0¢95 (0¢35�2¢59)
Other 0¢61 (0¢32�1¢15) 0¢82 (0¢48�1¢40)

Net monthly income >1700€ 0¢92 (0¢58�1¢45) 0¢61 (0¢41�0¢91)
Living with partner/others (vs. alone) 0¢52 (0¢33�0¢81) 0¢87 (0¢60�1¢26)
Not exclusively homosexual 1¢24 (0¢75�2¢04) 1¢13 (0¢72�1¢75)
Sexual behaviour
Number of anal sex partnersb,c 1¢20 (0¢98�1¢47) 0¢73 (0¢60�0¢90)
Number of casual sex partnersb,c 1¢18 (0¢98�1¢43) 0¢73 (0¢61�0¢88) 1¢39 (0¢84�2¢30) 0¢83 (0¢55�1¢25)
Having �1 HIV-positive sex partnerc 0¢78 (0¢51�1¢19) 0¢63 (0¢43�0¢92) 0¢48 (0¢26�0¢91) 0¢72 (0¢42�1¢23)
Number of anal sex actsb,c 1¢11 (0¢92�1¢35) 0¢86 (0¢71�1¢04)
Number of sex acts with casual sex partnersb,c 1¢20 (1¢00�1¢44) 0¢76 (0¢64�0¢90)
Any CASc 0¢98 (0¢49�1¢95) 1¢05 (0¢43�2¢60)
Number of CAS actsb,c 0¢95 (0¢80�1¢14) 0¢86 (0¢73�1¢02)
Any CAS with casual sex partnersc 1¢42 (0¢77�2¢63) 0¢69 (0¢38�1¢22)
Number of CAS acts with casual partnersb,c 1¢06 (0¢89�1¢28) 0¢79 (0¢68�0¢93) 0¢88 (0¢53�1¢45) 0¢90 (0¢64�1¢28)
Recreational drug use and mental health
characteristics

Chemsexd 1¢70 (1¢01�2¢84) 1¢34 (0¢86�2¢09) 2¢22 (1¢15�4¢31) 1¢71 (1¢02�2¢86)
Injecting drug usee 0¢86 (0¢27�2¢74) 0¢78 (0¢28�2¢13)
Any bacterial STIc 2¢34 (1¢52�3¢60) 0¢70 (0¢45�1¢08)
Chlamydiac 1¢67 (0¢92�3¢01) 0¢48 (0¢25�0¢92)
Gonorrhoeac 2¢34 (1¢41�3¢89) 0¢97 (0¢60�1¢58)
Syphilisc 2¢34 (1¢07�5¢13) 0¢72 (0¢23�2¢27)
DUDIT score �8 1¢99 (1¢28�3¢08) 1¢28 (0¢86�1¢92)
AUDIT score �8 0¢97 (0¢58�1¢61) 0¢97 (0¢61�1¢52)
MHI-5 score <60 1¢43 (0¢87�2¢32) 1¢77 (1¢14�2¢74)
SCS score �24 1¢93 (1¢11�3¢36) 1¢29 (0¢77�2¢16) 2¢32 (1¢17�4¢63) 0¢76 (0¢37�1¢54)
Per extra point on NSSS 1¢00 (0¢98�1¢02) 0¢96 (0¢94�0¢98) 1¢00 (0¢97�1¢03) 0¢96 (0¢94�0¢98)

AUDIT: Alcohol Use Disorder Identification Test; CAS: condomless anal sex; Chemsex: use of methamphetamine, g-hydroxybutyric acid(GHB)/g-butyrolactone(GBL) and/or meph-
edrone during sex; DUDIT: Drug Use Disorder Identification Test; HIV: human immunodeficiency virus; MHI-5: 5-item Mental Health Inventory; NSSS: New Sexual Satisfaction
Scale; SCS: Sexual Compulsivity Scale; STI: sexually transmitted infection.

a All factors were time-updated except for ethnicity, city of residence, education level, employment, net monthly income, living situation and sexual orientation.
b Per ln increase.
c In the past 3 months.
d In the past 6 months.
e In the past 12 months.
f HRs <1 denote that the factor was more likely among those who transitioned versus those who continued their regimen.
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group. PrEP uptake and retention of younger MSM might also be
increased with eHealth tools, such as mobile applications, web-based
education modules and interactive websites [26].

Nevertheless, overall discontinuation rates in our study were com-
paratively low: other demonstration projects found similar rates over
much shorter follow-up time [20,27,28] and higher discontinuation
rates were observed in larger-scale clinical or primary care implemen-
tation settings [13,29]. As our project is one of the few offering a choice
of PrEP regimens, PrEP discontinuation might be low when having
access to an alternative, non-daily regimen. This is supported by an
analysis of Australian daily PrEP users, in which interest in event-
driven PrEP was particularly high among those discontinuing PrEP [8].
Another explanation could be that our study population was com-
posed of highly-educated, white-identifying Dutch, early adopting
MSM, and may reflect individuals more eager and willing to remain on
PrEP and contribute to a research project. PrEP and clinical testing was
provided free-of-charge and by a small, dedicated team, which could
increase motivation to continue study participation. Whether having
multiple regimen options indeed improves PrEP retention and adher-
ence should be further researched.
Our study has some limitations worth addressing. First, some par-
ticipants could have discontinued participation in AMPrEP yet still
received PrEP elsewhere, particularly during later years of follow-up
when generic PrEP became available via general practitioners. We
could not distinguish these participants from those who truly
stopped PrEP. Nevertheless, data from exit questionnaires from those
discontinuing follow-up suggest that the main reason for discontinu-
ation was related to changes in sexual behaviour and no longer need-
ing PrEP. Second, we were unable to assess some reasons, which
were mentioned by participants themselves as reasons for switching
regimen, such as a changing relationship status, traveling, fear or
experience of side effects, ability to plan sexual activity, and self-effi-
cacy [9]. Third, we right-censored participants who discontinued
PrEP, even if they restarted later in time. This applied to only a few
individuals in our study and would not have likely affected our
results. Still, caution should be applied when interpreting our results
to settings where temporary PrEP discontinuation is more common.
Fourth, since we did not consider drug levels or pill use in these anal-
yses, we could not determine how adherence relates to PrEP switch
and LTFU. Fifth, we did not include STI diagnoses done outside our



Table 3
Determinants of discontinuing PrEP from event-driven and daily PrEP among 365 MSM and 2 TGP participating in the AMPrEP project, Amsterdam, the Netherlands, 2015�2019.

Univariable HR Multivariable

Event-driven PrEP! PrEP
discontinuation

Daily PrEP! PrEP
discontinuation

Event-driven PrEP! PrEP
discontinuation

Daily PrEP! PrEP
discontinuation

Factorsa HR (95% CI)f HR (95% CI)f aHR (95% CI)f aHR (95% CI)f

Calendar year (per year increase) 1¢16 (0¢72�1¢87) 1¢21 (0¢85�1¢71)
Socio-demographic

characteristics
Age (per 10 year increase) 0¢80 (0¢55�1¢16) 0¢64 (0¢47�0¢86) 0¢97 (0¢58�1¢64) 0¢62 (0¢43�0¢89)
Non-white ethnicity 0¢95 (0¢27�3¢37) 0¢73 (0¢27�1¢96)
Residency outside Amsterdam 1¢67 (0¢71�3¢94) 1¢26 (0¢68�2¢34)
College/university degree 0¢74 (0¢26�2¢08) 0¢69 (0¢36�1¢33)
Employment
Employed ref. ref.
Unemployed 0¢90 (0¢20�4¢17) 2¢35 (0¢70�7¢92)
Other 0¢68 (0¢19�2¢47) 1¢83 (0¢90�3¢73)
Net monthly income >1700€ 0¢90 (0¢35�2¢34) 0¢62 (0¢32�1¢21)
Living with partner/others

(vs¢alone)
0¢83 (0¢35�1¢97) 1¢05 (0¢58�1¢95)

Not exclusively homosexual 1¢20 (0¢42�3¢38) 1¢08 (0¢52�2¢25)
Sexual behaviour
Number of anal sex partnersb,c 0¢57 (0¢36�0¢89) 0¢71 (0¢51�0¢99)
Number of casual sex partnersb,c 0¢54 (0¢35�0¢83) 0¢70 (0¢52�0¢95) 1¢24 (0¢60�2¢57) 0¢35 (0¢17�0¢71)
Having �1 HIV-positive sex

partnerc
0¢43 (0¢17�1¢09) 0¢44 (0¢23�0¢83) 0¢77 (0¢16�3¢57) 0¢78 (0¢34�1¢80)

Number of anal sex actsb,c 0¢78 (0¢53�1¢14) 0¢70 (0¢52�0¢95)
Number of sex acts with casual

sex partnersb,c
0¢48 (0¢31�0¢74) 0¢74 (0¢56�0¢98)

Any CASc 0¢20 (0¢08�0¢50) 0¢73 (0¢20�2¢58)
Number of CAS actsb,c 0¢77 (0¢53�1¢12) 0¢83 (0¢63�1¢09)
Any CAS with casual sex

partnersc
0¢10 (0¢04�0¢25) 0¢69 (0¢¢26�1¢85)

Number of CAS acts with casual
partnersb,c

0¢39 (0¢23�0¢67) 0¢86 (0¢66�1¢11) 0¢23 (0¢05�1¢11) 2¢21 (1¢19�4¢08)

Recreational drug use and
mental health characteristics

Chemsexd 0¢54 (0¢18�1¢60) 0¢76 (0¢36�1¢57) 1¢10 (0¢22�5¢59) 0¢77 (0¢34�1¢77)
Injecting drug usee � 1¢58 (0¢48�5¢23)
Any bacterial STIc 0¢19 (0¢02�1¢88) 0¢75 (0¢37�1¢50)
Chlamydiac 0¢44 (0¢05�3¢93) 0¢78 (0¢32�1¢87)
Gonorrhoeac � 0¢84 (0¢37�1¢89)
Syphilisc 0¢26 (0¢00�22¢2) 0¢57 (0¢08�4¢24)
DUDIT score �8 0¢72 (0¢23�2¢31) 1¢62 (0¢86�3¢05)
AUDIT score �8 0¢20 (0¢02�2¢10) 1¢65 (0¢87�3¢16)
MHI-5 score <60 1¢56 (0¢59�4¢17) 1¢59 (0¢77�3¢27)
SCS score �24 0¢68 (0¢12�3¢95) 1¢48 (0¢69�3¢18) 0¢75 (0¢10�5¢53) 1¢35 (0¢53�3¢44)
Per extra point on NSSS 0¢98 (0¢94�1¢02) 1¢00 (0¢96�1¢03) 0¢99 (0¢95�1¢04) 0¢95 (0¢95�1¢03)

AUDIT: Alcohol Use Disorder Identification Test; CAS: condomless anal sex; Chemsex: use of methamphetamine, g-hydroxybutyric acid(GHB)/g-butyrolactone(GBL) and/or
mephedrone during sex; DUDIT: Drug Use Disorder Identification Test; HIV: human immunodeficiency virus; MHI-5: 5-item Mental Health Inventory; NSSS: New Sexual Satis-
faction Scale; SCS: Sexual Compulsivity Scale; STI: sexually transmitted infection.

a All factors except ethnicity, city of residence, education level, employment, net monthly income, living situation and sexual orientation were time-updated.
b Per ln increase.
c In the past 3 months.
d In the past 6 months.
e In the past 12 months.
f HRs <1 denote that the factor was more likely among those who transitioned versus those who continued their regimen.
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clinic in our analyses. However, this was just a small proportion of all
STI diagnosed [11]. Finally, our study population constituted mainly
highly educated, native Dutch middle-aged early adopters of PrEP,
and included few transgender persons despite recruitment efforts,
and may therefore not represent all those eligible for PrEP in the
Netherlands.

In conclusion, we demonstrated that switches between daily
and event-driven PrEP were frequent and linked to younger age
and certain sexual behaviours among AMPrEP participants. Rates
of PrEP discontinuation, which might be temporary, were com-
paratively low and did not differ between PrEP regimens. Consul-
tations should include a comprehensive discussion of all available
risk reduction strategies, including PrEP regimens, taking in con-
sideration patterns of sexual behaviour. It should also include
education on how to safely start, switch and stop PrEP regimens,
especially among young MSM, to ensure adequate protection
against HIV acquisition.

Data sharing

The AMPrEP data are owned by the Public Health Service of
Amsterdam. Original data can be requested by submitting a study
proposal to the steering committee of AMPrEP. The proposal for-
mat can be obtained from the corresponding author (lcoyer@ggd.
amsterdam.nl or amprep@ggd.amsterdam.nl). Requests for further
information can also be submitted via the same email addresses.
The AMPrEP steering committee will check each proposal for
compatibility with general objectives, ethical approvals, and
informed consent forms of the AMPrEP study, and potential over-
lap with ongoing work. There are no other restrictions to

https://lcoyer@ggd.amsterdam.nl
https://lcoyer@ggd.amsterdam.nl
https://amprep@ggd.amsterdam.nl
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obtaining the data and all data requests will be processed in the
same manner.
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