
EClinicalMedicine 26 (2020) 100505

Contents lists available at ScienceDirect

EClinicalMedicine

journal homepage: https://www.journals.elsevier.com/eclinicalmedicine
Research Paper
Changes in mental health and drug use among men who have sex with
men using daily and event-driven pre-exposure prophylaxis: Results
from a prospective demonstration project in Amsterdam, the Netherlands

R.C.A. Achterbergha, E. Hoornenborga,b, A. Boydb, L. Coyerb, S.J.A. Meuzelaara,
A.A. Hogewoninga, U. Davidovichb, M.S. van Rooijena, M.F. Schim van der Loeffb, M. Prinsb,c,
H.J.C. de Vriesa,d,*
a STI outpatient clinic, Department of infectious diseases, Public Health Service of Amsterdam, Amsterdam, the Netherlands
b Research and Prevention, Department of infectious diseases, Public Health Service of Amsterdam, Amsterdam, the Netherlands
c Amsterdam UMC, University of Amsterdam, Department of Infectious Diseases, Amsterdam Institute for Infection and Immunity (AI&II), Meibergdreef 9, AII, the
Netherlands
d Amsterdam UMC, University of Amsterdam, Department of Dermatology, Amsterdam Institute for Infection and Immunity (AI&II), Meibergdreef 9, AII, the
Netherlands
A R T I C L E I N F O

Article History:
Received 17 October 2019
Revised 3 July 2020
Accepted 28 July 2020
Available online 18 August 2020
* Corresponding author at: STI Outpatient Clinic, Depa
Public Health Service Amsterdam, Nieuwe Achtergrach
the Netherlands.

E-mail address: h.j.devries@amsterdamumc.nl (H.J.C.

https://doi.org/10.1016/j.eclinm.2020.100505
2589-5370/© 2020 The Authors. Published by Elsevier Lt
A B S T R A C T

Background: Gay, bisexual and other men who have sex with men (GBMSM) are at increased risk of mental
health disorders and drug use. In GBMSM taking pre-exposure prophylaxis (PrEP) for HIV, the proportion
engaging in risk behaviors could increase due to decreased perception in HIV risk. In turn, this could leave
them further susceptible to mental health disorders.
Methods: The AMsterdam PrEP study (AMPrEP) is a demonstration project offering a choice of daily PrEP or
event-driven PrEP regimen at the STI clinic of the Public Health Service of Amsterdam. Eligible participants
were HIV-negative GBMSM and transgender people at risk of HIV, aged �18 years. We assessed anxiety and
depressive mood disorders (Mental Health Inventory 5), sexual compulsivity (Sexual Compulsivity Scale),
alcohol use disorder (Alcohol Use Disorder Identification Test), and drug use disorder (Drug Use Disorder
Identification Test) using yearly self-administered assessments (August 2015�September 2018). The propor-
tion of mental health problems were analyzed and changes over time and between regimen were assessed
using a logistic regression model. Variables associated with the development or recovery of disorders were
assessed using a multistate Markov model.
Outcomes: Of 376 enrolled, we analyzed 341 participants with data at baseline and at least one follow-up
visit. During a median follow-up of 2.5 years (IQR=2.3�2.7), the proportion assessed with sexual compulsiv-
ity decreased from 23% at baseline to 10% at the last visit (p<0.001) and drug use disorder decreased from
38% at baseline to 31% at the last visit (p = 0.004). No changes occurred in proportion assessed with anxiety/
depressive mood disorders (20% at baseline, 18% at last visit, p = 0.358) or alcohol use disorder (28% at base-
line, 22% at the last visit, p = 0.106). During follow-up, participants reported significant less use of alcohol
(p<0.001), nitrites (p<0.001) and ecstasy (p<0.001). We found no differences between daily and event-
driven PrEP users. The development and recovery of disorders during follow-up were highly interrelated.
Interpretation: Mental health disorders are prevalent among those initiating PrEP. We did not find increases
in mental health disorders during PrEP use, but rather a decrease in sexual compulsivity and drug use disor-
ders. The initial prevalence of mental health disorders in our study point at the continuous need to address
mental health disorders within PrEP programs.
Funding: ZonMw, H-TEAM, Internal GGD research funds, Aidsfonds, Stichting AmsterdamDiner Foundation,
Gilead Sciences, Janssen Pharmaceutica, M A C AIDS Fund, and ViiV Healthcare.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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Research in context

Evidence before this study

Gay, bisexual and other men who have sex with men (GBMSM)
are at increased risk of synergistically interacting afflictions
(syndemics), including mental health problems, drug use and
sexual risk behaviour. Pre-exposure prophylaxis is an effective
tool to prevent HIV infections. Concerns have been raised
regarding an increase in mental health problems among PrEP
users, including alcohol/drug use and sexual compulsivity. We
searched MEDLINE on August 26, 2019, for articles or abstracts
and found several studies describing high levels of mental
health problems and drug use among sexual minorities initiat-
ing PrEP. Two studies, both within a randomized controlled tri-
als(RCT), used longitudinal data; one RCT on PrEP effectiveness
(PROUD) described intimate partner violence and another RCT
on PrEP adherence aimed to investigate the association
between substance/alcohol use and adherence to PrEP.

Added value of this study

To our knowledge, we are the first to report longitudinally on
mental health issues among PrEP users, including detailed
information on drug use. The Amsterdam Pre-Exposure Pro-
phylaxis (AMPrEP) demonstration project uniquely offers par-
ticipants a choice of daily and event-driven PrEP regimens. We
were able to show that both daily and event-driven users are
equally affected by mental health problems at inclusion and
over time we found a decrease in participants assessed with
sexual compulsivity and drug use disorder. The comprehensive
battery of mental health problems assessed by validated ques-
tionnaires in this study allowed us to show that the develop-
ment and recovery from certain mental health disorders were
related to one another. Lastly, we also measured help-seeking
behaviour for mental health issues, which gives an indication of
mental health needs among this at-risk population.

Implications of all the available evidence

GBMSM initiating PrEP show high levels of mental health prob-
lems, including drug use and sexual compulsivity. Concerns
regarding a rise in mental health problems, particular sexual
compulsivity and drug-use disorder, associated with PrEP-use
are not supported by our evidence. PrEP offers ample opportu-
nity to incorporate sexual health, mental health and drug use
within one program, which seems vital considering mutually
reinforcing syndemics and the clustering of diseases among
GBMSM at-risk for sexually transmitted infections and HIV.
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1. Introduction

Tenofovir/emtricitabine is highly effective as pre-exposure pro-
phylaxis (PrEP) to prevent HIV infection in gay, bisexual and other
men who have sex with men (GBMSM) [1]. Qualitative research has
shown that PrEP minimizes HIV-related fear and could trigger prob-
lematic increases in preoccupation with sex and recreational drug
use, influencing sexual at-risk behavior [i.e. condomless anal sex
(CAS), increased number of sexual partners] and sexually transmitted
infections (STI) and affecting general health [2]. While the relation
between PrEP use, CAS and consequently STI-incidence has been
extensively studied in GBMSM [1,3], the effect on mental health
problems, such as sexual compulsivity, drug use and general well-
being are less known.
In this context, it is important to mention that GBMSM have
poorer mental health outcomes, and are more likely to use recre-
ational drugs compared to the general population [4,5]. This could
be explained by the unique stressors experienced by sexual
minorities (i.e. prejudice, victimization and discrimination) that
lead to harmful effects on mental health, as described in Meyer’s
minority model [6]. These mental health problems (such as
depression, sexual compulsivity, drug use and intimate partner
violence (IPV)) are associated with both increased sexual at-risk
behavior, HIV and STI among GBMSM [7,8]. These afflictions can
interact with one another to increase and or maintain each other,
which is the heart of the syndemic theory. The syndemic theory
implies that two or more afflictions � be it social, biological or
mental - can reinforce each other synergistically and contribute
to an excess burden of disease [9]. Studying these interactions,
such as depression, drug use and sexual compulsivity, requires
assessment of a broad range of mental health disorders within
the same context.

To date, only a handful of studies have addressed mental
health and substance use among GBMSM at PrEP initiation, find-
ing high prevalence of drug use, depression and sexual compul-
sivity [10�13]; none of these studies have assessed these
outcomes longitudinally.

We conducted a large, prospective cohort study of GBMSM using
PrEP who were administered four standardized questionnaires on (1)
anxiety and depressive mood disorder, (2) sexual compulsivity, (3)
alcohol use and (4) drug use disorders at yearly intervals. We aimed
to describe changes in these mental health disorders and drug use
during the first years of PrEP use. We also aimed to identify factors
associated with the development of, and recovery from these four
mental health disorders, and to assess which participants are vulner-
able to any of these mental health disorders, and might therefor ben-
efit from extra guidance during follow-up of PrEP.

2. Methods

2.1. Study design and population

The Amsterdam PrEP (AMPrEP) study is a prospective, longitudi-
nal, demonstration project offering choice of daily or event-driven
PrEP. This study was conducted at the Public Health Service of
Amsterdam, housing the largest STI clinic in the Netherlands, with
approximately 50,000 consultations annually. Study design and pro-
cedures have been previously described [11]. Eligible individuals
were HIV-negative GBMSM and transgender persons who had sex
with men, were �18 years old and met one or more of the following
criteria in the six months preceding inclusion: condomless anal sex
(CAS) with casual partners, at least one bacterial STI, use of post-
exposure prophylaxis after a sexual incident, or an HIV-positive sex-
ual partner with a detectable viral load. Inclusion took place from
August 2015 through June 2016. After written informed consent was
obtained, participants had a follow-up visit every three months. The
study was originally planned until June 2018 (phase-1), but was later
extended for two years (phase-2). For this analysis, we used data
from phase-1, including the end of phase-1 visit. Data collection
occurred between August 2015 through September 2018.

``The study was approved by the ethics board of the Amster-
dam University Medical Centers, location Academic Medical Cen-
ter, the Netherlands (NL49504.018.14) and is registered at the
Dutch trial registry (registration number NL5302; protocol avail-
able online) [14]. AMPrEP is part of the HIV Transmission Elimi-
nation AMsterdam (H-TEAM) initiative, a multidisciplinary and
integrative approach to stop the urban epidemic (Hteam.nl). Data
of this study is not publicly available due to informed consent.
Individual researchers can contact the AMPrEP research team and
submit a request for datasets.
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2.2. Procedures

We offered participants a choice of daily (one tablet per day) or
event-driven PrEP (two tablets taken between 24 and two hours
before sexual intercourse, followed by one tablet every 24 h up to
48 h after the last sexual intercourse). Participants were allowed to
switch PrEP regimens at each trimonthly study visit.

At each trimonthly study visit, participants received sexual health
counseling based on motivational interviewing, were tested for STI
according to routine procedures, and completed computer-assisted
self-administered questionnaires on sexual behavior in the preceding
3 months.

2.3. Primary outcome measurements

Extended questionnaires including various mental health assess-
ments were administered at baseline, 12-months, 24-months, and at
the end of phase-1. We evaluated four outcomes: anxiety or depres-
sive mood disorder using the Mental health inventory-5 (MHI5) [15],
sexual compulsivity using the sexual compulsivity scale (SCS) [16],
alcohol use disorder using the Alcohol Use Disorder Identification
Test (AUDIT) [17], and drug use disorder using the Drug Use Disorder
Identification Test (DUDIT) [18]. Presence of anxiety or depressive
mood disorder was defined as an MHI-5 <60, sexual compulsivity as
an SCS �24, alcohol use disorder as an AUDIT �8, and drug use disor-
der as a DUDIT �8. The recall period for the MHI5 was four weeks
and for the AUDIT and DUDIT 1 year, while the SCS did not specify a
recall period.

2.4. Secondary outcome measurements

We measured concern about acquiring HIV using a 7-point Likert
scale (1=“very concerned” to 7=“not concerned at all”). Substance use
in the previous 3 months was recorded, including type of substance
[alcohol, cannabis, cocaine, erectile dysfunction drugs (EDD),
gamma-hydroxybutyrate (GHB)/gamma-butyrolactone (GBL), meth-
amphetamine, mephedrone, nitrites and 3,4-methylenedioxy-N-
methylamphetamine (XTC/MDMA), or other], the frequency of use
(once per month or less, 2�4 times a month, 2�3 times a week,
4 times a week or more) and injecting drug use.

At the end of phase-1, participants were asked additional ques-
tions on whether they experienced sexual abuse, intimate partner
violence, or a drug-induced blackout (i.e. unconsciousness) and
whether they sought help for mental health problems during the
past year.

2.5. Statistical analysis

Baseline characteristics of participants with follow-up data on
MHI5, SCS, AUDIT or DUDIT questionnaires were compared to partici-
pants without follow-up data.

We considered PrEP regimens as time-updated for all longitudinal
analysis (i.e. PrEP regimen at the according time point). To describe
trends in proportion of mental health problems over time, we used a
logistic regression model including study visit (baseline, month-12,
month-24, and end phase-1), PrEP regimen and the interaction
between the two with a random-intercept for each participant
accounting for baseline differences in MHI5, SCS, AUDIT and DUDIT.
We modeled changes in concern about HIV as a continuous variable,
to ensure no loss of information, using a linear regression model
including study visit, PrEP regimen and the interaction between the
two with a random-intercept for each participant. To describe
changes in frequency of drug use, we used an interval regression
model estimating the frequency of use within intervals of lower and
upper bounds of all possible responses. We kept the time-frame con-
sistent (per month), which required transforming responses as
follows: 0, >0�1; �2-<6; �6-<14 and �14�30 times per month.
This model included study visit, PrEP regimen and the interaction
between the two with a random-intercept. For all models, we tested
for changes over study visits with a Wald test on marginal linear pre-
dictions, first simultaneously as single tests within PrEP regimens
and as a joint test across PrEP regimens, and second as an interaction
between PrEP regimens, using the ‘contrast’ command in STATA.
Missing data were not imputed. No further adjustments were made
on these models.

Since mental health problems may fluctuate over time, we mod-
eled outcomes each mental health problem separately as a Markov
process between states of problems going from absent to present
(defined as “developing” a problem) and going from present to
absent (defined as “recovering” from a problem). These transitions
were modeled using a two-state, time-homogenous Markov model
during continuous time, allowing instantaneous rates of transition-
ing, or transition intensities (TI), to and from states to be estimated.
To identify determinants for transitions between states, the TI over
time between levels of factors can be modeled as a proportional haz-
ards using maximum likelihood methods. From this model, we calcu-
lated hazard ratios (HR) and their 95% confidence intervals (CI)
comparing average TIs over time between levels of factors. Univari-
able and multivariable HRs were calculated for time-fixed variables
[age at inclusion, self-declared ethnicity, education level, being in a
steady relationship at inclusion, employment at inclusion and resi-
dence (Amsterdam vs not Amsterdam)] and time-varying co-varia-
bles (natural logarithm of number of anal sex partners and CAS acts
and PrEP regimen). Covariates whose 95%CI did not cross 1 were
selected in a forward stepwise fashion to create a multivariable
model.

Statistical analyses were performed with STATA (v13.1, STATA
Corporation, College Station, TX, USA) and R (v3.5.2, Vienna, Austria).
Significance was defined as a p-value <0.05.

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. Results

3.1. Description of the study population

Of 376 participants included, seven participants had an incom-
plete mental health assessment at baseline and 28 did not have any
assessment during follow-up. The remaining 341 participants were
included in analysis (Table 1). We found no differences in baseline
characteristics between participants with and without follow-up
data. The majority were white (85%), held a university degree (77%),
and chose daily PrEP (74%). Two participants identified as transgen-
der women. In the 3 months preceding enrolment, participants
reported a median of 15 [IQR 8�31] sexual partners and 125/341
(37%) used �5 types of drugs.

3.2. Mental health problems during PrEP use

We obtained data on 334 participants at 12 months, 299 partici-
pants at 24 months, and 289 participants at the end of phase-1
(eFig. 1). For the 11 individuals whose end of phase-1 visit was also
their month 24-visit, their data were considered as a month-24 visit.
Median follow-up was 2.5 years (IQR 2.3�2.7), totaling 831.6 person-
years. The majority (n = 239) continued their initial PrEP regimen,
while 59 switched regimens once, and 43 switched more than once.



Table 1
Baseline characteristics of 369 participants using Pre-Exposure prophylaxis to prevent HIV (PrEP) who did and did not have data on mental health assessments during
follow-up. The AMPrEP study, Amsterdam, The Netherlands, 2015�2018.

At least 1 assessment during follow up n = 341 Not any assessment during follow up n = 28 p-value

Demographic characteristics
Age in years (median, [IQR]) 40 [33�48] 36 [30�44] 0.105
White ethnicity a 290 (85%) 25 (89%) 0.542
Transgender women a 2 (1%) 0 (0%) 0.684
University degree 261 (77%) 20 (71%) 0.542
Steady relationship 149 (44%) 11 (39%) 0.614
Unemployed 76 (23%) 5 (18%) 0.566
Living in Amsterdam 211 (62%) 13 (46%) 0.108
Validated assessments on mental healthb

Depressive or anxiety disorder 69 (20%) 7 (25%) 0.549
Sexual compulsivity 78 (23%) 6 (21%) 0.861
Alcohol use disorder 94 (28%) 10 (36%) 0.357
Drug use disorder 128 (38%) 8 (29%) 0.344
Presence of at least one disorder 218 (64%) 18 (64%) 0.970
Substance usec

Alcohol 302 (90%) 26 (93%) 0.585
Amphetamine 74 (22%) 6 (21%) 0.942
Cannabis 118 (35%) 10 (36%) 0.958
Cocaine 101 (30%) 12 (43%) 0.160
Erectile dysfunction drugs 243 (73%) 17 (63%) 0.287
GHB/GBL 140 (42%) 7 (25%) 0.084
Ketamine 72 (21%) 9 (33%) 0.156
Methamphetamine 32 (10%) 2 (7%) 0.677
Nitrites 242 (72%) 19 (68%) 0.638
XTC/MDMA 177 (53%) 18 (64%) 0.243
Injected 13 (4%) 2 (7%) 0.372
Sexual characteristics
Number of sex partners (median, [IQR]) c 15 [8�31] 10.5 [5.5�20] 0.565
Number of condomless anal sex acts (median, [IQR])c 11 [4�23] 7.5 [2�18.5] 0.453
Daily PrEP 251 (74%) 16 (57%) 0.061
Any bacterial STI 66 (19%) 7 (25%) 0.481
Chlamydia 34 (10%) 1 (4%) 0.253
Gonorrhoea 32 (10%) 5 (18%) 0.167
Syphilis 4 (1%) 1 (4%) 0.399

Abbreviations: AMPrEP, Amsterdam Pre-Exposure Prophylaxis for HIV study; IQR, Interquartile range; GHB, gamma-hydroxybutyrate; GBL, gamma-butyrolacton;
XTC, 3,4-methyleendioxymethamfetamine; STI, sexually transmitted infection; PrEP, Pre-exposure Prophylaxis.

a Self-identified.
b According to mental health inventory 5 (MHI5, score<60), sexual compulsivity scale (SCS, score �24), alcohol use disorder identification test (AUDIT, score � 8)

and drug use disorder identification test (DUDIT, score �8).
c In the preceding 3 months.
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Of all 153 switches, 85 (51¢8%) were from daily to event-driven and
79 (48¢2%) from event-driven to daily.

We found no significant change over time across both regimens in
proportion of individuals assessed with anxiety or depressive mood
disorders (20% at baseline to 18% at the end phase-1, p = 0.358, Fig. 1
and supplementary Table 1 for exact numbers per regimen, per year).
We observed a significant decrease over time in proportion of indi-
viduals assessed with sexual compulsivity (23% at baseline to 10% at
the end phase-1, p<0.001). The proportion of individuals assessed
with alcohol use disorder did not change over time (28% at baseline
to 22% at the end of phase-1, p = 0.106), yet the proportion with drug
use disorder significantly decreased (38% at baseline to 31% at the
end of phase-1, p = 0.026). None of the changes in mental health
problems over time were significantly different between event-
driven and daily PrEP regimens (p for interaction): anxiety or depres-
sive mood disorder (p = 0.155), sexual compulsivity (p = 0.526), drug
use disorder (p = 0.801), and alcohol use disorder (p = 0.561).

In addition, participants became significantly less concerned
about acquiring HIV over time (median concern 3 (IQR 2�4) at base-
line to 5 (IQR 2�6) at the end phase-1, p<0.001, eFig. 2). Participants
reported significantly less frequent use of alcohol (p<0.001), nitrites
(p<0.001) and XTC (p = 0.005) over follow-up visits (Fig. 2), whereas
no significant changes were reported in use of cannabis (p = 0.943),
cocaine (p = 0.472), erectile dysfunction drugs (p = 0.104), GHB/GBL
(p = 0.793), crystal meth (p = 0.096) or injecting drug use (p = 0.258).
Again, none of the changes over time were significantly different
between PrEP regimens.
At the last study visit, 26/147 (18%) participants assessed with
a mental health problem reported visiting a health professional
due to issues related to mental health, drug use, or sex (overall
49/290, 13%). Moreover, 78/290 (27%) reported ever having expe-
rienced a drug-induced blackout, of which 28/78 (36%) occurred
in the past year; 16/287 (6%) reported intimate partner violence
within the past 5 years; 41/287 (14%) reported ever having a
non-consensual sexual experience, of which 15/41 (37%) occurred
before the age of 18.

3.3. Developing and recovering from mental health problems during
follow-up

From the multi-state Markov model, we showed univariable asso-
ciations with developing or recovering from anxiety or depressive
mood disorder (eTable 2), sexual compulsivity (eTable 3), alcohol use
(eTable 4) or drug use disorders (eTable 5). In multivariable analysis
(Table 2), there were several instances when the presence of one
mental health problem was associated with the development or
recovery from another mental health problem. Those assessed with
anxiety or depressive mood disorder were less likely to recover from
sexual compulsivity (aHR 0.3, 95%CI 0.2�0.6) and more likely to
develop drug use disorder (aHR 2.3, 95%CI 1.2�4.6); those with sex-
ual compulsivity were less likely to recover from anxiety or depres-
sive mood disorder (aHR 0.5, 95%CI 0.3�1.0); and those with drug
use disorder were more likely to develop sexual compulsivity (aHR
2.2, 95%CI 1.0�4.6) and alcohol use disorder (aHR 2.4, 95%CI



Fig. 1. Mental and sexual health over time among 341 event-driven(ED, black whisker plots) and daily (red whisker plots) Pre-exposure prophylaxis users in the AMPrEP study
using a logistic regression model with a random intercept for study participants, Amsterdam, the Netherlands, 2015�2018.

A Anxiety or depressive mood disorder. Decrease over time (p = 0.385).
B Sexual compulsivity. Decrease over time (p<0.001).
C Alcohol use disorder. Decrease over time (p = 0.106).
D Drug use disorder. Decrease over time (p = 0.026).
X-axis: time. Y-axis: percentage of AMPrEP participants. Abbreviations: AMPrEP, Amsterdam Pre-Exposure Prophylaxis for HIV study; according to mental health inventory 5

(MHI5, score<60), sexual compulsivity scale (SCS, score �24), alcohol use disorder identification test (AUDIT, score � 8) and drug use disorder identification test (DUDIT, score �8).
For exact numbers see eTable1.
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1.3�4.4). We found no associations with PrEP regimen or switching
between regimens.

4. Discussion

In this prospective demonstration project, we described that more
than half of GBMSM initiating PrEP were assessed with a mental
health problem. At the end of follow-up, we observed a 13% reduction
in the proportion with sexual compulsivity and 7% reduction with
drug use disorder, but no significant difference in the proportion
with anxiety or depressive mood disorders or alcohol use disorder.
These findings provide important clinical insight on the extent of
mental health problems and their changes among both daily and
event-driven PrEP users.

The simultaneous decrease in drug use disorder and sexual com-
pulsivity was unexpected. Explanations of how PrEP might influence
drug-related problems and sexual compulsivity are speculative.
Some individuals engage in sex-related drug use as means of losing
sexual inhibition or increasing sexual arousal and confidence [19].
PrEP use, through the diminished fear of acquiring HIV, could buoy
loss of sexual inhibition and confidence and replace the perceived need
for drug use. The diminishing preoccupation in failure to use condoms
and concern around HIVmight give way to a decrease in sexual compul-
sivity [2,20]. An additional explanation could be tri-monthly counseling
and motivational interviewing by medical staff. However, given the
decreasing trend in sexual compulsivity amid stable number of anal sex
acts previously observed in this cohort [3], more studies would be
needed to disentangle the relationship between sexual behavior and
compulsivity within the context of PrEP.

Unlike drug use disorders, we observed no decrease in the propor-
tion of participants assessed with alcohol use disorder. A possible
explanation could be that excessive drug use may be more strongly
motivated by sex among GBMSM than alcohol use [20]. We also
observed no decrease in the proportion with anxiety and depressive
disorders. Previous studies have shown associations between inter-
nalizing disorders, such as depression, and drug use in GBMSM [21].
Nevertheless, it is unclear why the proportion of those with drug-use
disorder was declining while that of anxiety or depression did not
change during PrEP use. These diverging trends need to be confirmed
in other studies.



Fig. 2. Drug use over time among 341 pre-exposure prophylaxis users, The AmPrEP study, Amsterdam, The Netherlands, 2015�2018.
A Alcohol (decrease, p<0.001).
B Cannabis (p = 0.943).
C Cocaine (p = 0.472).
D Erectile dysfunction drugs (p = 0.104).
E GHB/GBL (p = 0.793).
F Methamphetamine (p = 0.096).
G Nitrites (decrease, p<0.001).
H XTC (decrease, p = 0.005).
X-axis: time. Y-axis: Percentage of AMPrEP participants. Abbreviations: AMPrEP, Amsterdam Pre-Exposure Prophylaxis for HIV study; GHB, gamma-hydroxybutyrate; GBL,

gamma-butyrolacton,; XTC, 3,4-methyleendioxymethamfetamine.
dark red: �4 weekly, red: 2-4 weekly, orange: 2-4 monthly, yellow: �1 montlhy, green: no use.
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Table 2
Characteristics associated with developing and recovering an anxiety or depressive mood disorder, sexual compulsivity, alcohol use or drug use disorder in multivariable
Markov model among 341 AMPrEP participants, Amsterdam, The Netherlands, 2015�2018.a

Anxiety or depressive mood disorder Sexual compulsivity Alcohol use disorder Drug use disorder

Developing Recovering Developing Recovering Developing Recovering Developing Recovering
aHR [95% CI] aHR [95% CI] aHR [95% CI] aHR [95% CI] aHR [95% CI] aHR [95% CI] aHR [95% CI] aHR [95% CI]

Age (years)b

<35 Ref Ref
35�44 1.3 [0.6�2.5] 0.8 [0.5�1.6]
�45 2.2 [1.1�4.4] 0.7 [0.4�1.2]

Education levelb

Low and middle Ref Ref
University or higher 0.3 [0.1�0.8] 0.2 [0.1�0.7]

Employmentb

Employed Ref Ref
Unemployed 0.5 [0.2�1.0]c 0.4 [0.2�0.8]

Residenceb

Amsterdam Ref Ref
Other 1.1 [0.6�2.1] 1.7 [1.1�2.2]

Anxiety or depressive
mood disorder
Absent / / Ref Ref Ref Ref
Present / / 1.1 [0.5�2.6] 0.3 [0.2�0.6] 2.3 [1.2�4.6] 1.3 [0.7�2.4]

Sexual compulsivity
Absent Ref Ref / / Ref Ref
Present 0.9 [0.5�1.9] 0.5 [0.3�1.0] / / 1.0 [0.5�2.3] 0.5 [0.2�0.9]

Alcohol use disorder
Absent / /
Present / /

Drug use disorder
Absent Ref Ref Ref Ref / /
Present 2.2 [1.0�4.6] 1.0 [0.6�1.8] 2.4 [1.3�4.4] 1.3 [0.8�2.2] / /

Abbreviations: AMPrEP, Amsterdam Pre-Exposure Prophylaxis for HIV study; aHR, adjusted Hazard Ratio; CI, Confidence Interval.
a According to mental health inventory 5 (MHI5, score<60), sexual compulsivity scale (SCS, score �24), alcohol use disorder identification test (AUDIT, score � 8) and

drug use disorder identification test (DUDIT, score �8).
b Measurement at baseline.
c 95% CI crosses 1, not significant.
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One of the most striking features of these data is the comprehen-
sive amount of mental health problems assessed by validated ques-
tionnaires, which is important given their potential for synergistic
interaction [4,5,9]. The development and inability to recover from
certain mental health disorders could be linked to the presence of
others. Indeed, being assessed with anxiety or depressive mood dis-
order made it less likely to recover from sexual compulsivity and vice
versa. This finding illustrates that the syndemic nature and complex-
ity of individual mental health problems cannot be fully captured in
population estimates.

There are marked differences between daily and event-driven
PrEP users. In AMPrEP, individuals choosing daily PrEP at baseline
had more sexual partners, were more likely to be diagnosed with a
prevalent STI, and were less likely to be in a steady relationship than
event-driven users [11]. While on PrEP, daily users have a higher inci-
dence in STIs and higher numbers of total sexual partners and con-
domless anal sex acts compared to event-driven users [3,11]. On the
contrary, we demonstrate that there is no difference between daily
and event-driven PrEP in the proportion with mental health disor-
ders across visits and thus mental health problems appear to affect
all PrEP users irrespective of PrEP regimen.

It remains debatable to what extent mental health problems in
GBMSM PrEP users are different than their overall source population.
National data from Statistics Netherlands reported that 10.5% of
Dutch men within the age of 35 to 45 were assessed with an anxiety
or depressive mood disorder using the MHI5 [22], compared to 20.5%
among AMPrEP participants. A study using a national sample among
1033 HIV-negative GBMSM in the United States observed a preva-
lence of depression (as measured by the 20-item Centre for Epidemi-
ological Studies Depression scale) at 26.7%, sexual compulsivity at
13.8%, and polydrug use at 8% [7]. From our study and others, the
prevalence of depression among PrEP using GBMSM could be
considered comparable to the general U.S. GBMSM population
(11�40%), while prevalence of sexual compulsivity (31%), alcohol use
disorder (28�40%), and drug use disorder (36�37%) were all higher
[12,13,23]. Notwithstanding the differences in mental health assess-
ments and demographic composition between studies, the relatively
higher prevalence of these disorders emphasizes the importance of
addressing mental health in GBMSMwho initiate PrEP.

High levels of drug use among GBMSM PrEP users have been
reported previously [10,12,13]. In our study, participants reported
using most of their drugs 2�4 times a month or less. This could indi-
cate that some individuals can effectively manage drug use in a posi-
tive, recreational manner [24]. However, with 28/290 (10%)
experiencing a blackout due to drug use in the past year, problems
like hospitalization, and neurological damage should not be underes-
timated [25].

The extent of mental health disorders found here does provide a
sense of the psychological needs for this population. Of the 52%
reporting a mental health problem at the last follow-up visit, only
26/147 (18%) of them sought help. This proportion is remarkably
lower compared to the general Dutch population, wherein 34% with
a mental health problem sought professional help [26]. Barriers to
help seeking behavior need to be addressed in future studies [27].
Currently, standard screening or referral for mental health problems
is not recommended in PrEP guidelines. Given their overall preva-
lence, and the entanglement of disorders, PrEP services offer a unique
opportunity to integrate mental health care using a syndemic-based
approach.

Our study has some limitations. First, the mental health assess-
ments used in our study are meant for screening and not diagnostic
purposes. The true prevalence of assessed mental disorders could be
in fact lower, while other mental disorders could have gone unno-
ticed. Second, our project was the first to offer access to free-of-
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charge PrEP in the Netherlands. The study population likely repre-
sented early adopters, most of whom were white, older and highly
educated. Included participants are unlikely to represent others who
could benefit from PrEP. Considering that people with lower educa-
tion or non-Western migration background have a higher prevalen-
ces of mental health problems compared to the general population
[22], it is unlikely that including these individuals would lower the
prevalence of mental health problems. Third, individuals with
depressive symptoms could be more likely to discontinue PrEP or
become lost to follow-up. We did not observe a significant difference
in median follow-up time between those with and without baseline
mental health disorders, yet this does not preclude the potential bias
of decreasing proportions with mental health disorders due to attri-
tion. Finally, causality between PrEP use and decrease in mental
health problems cannot be inferred from this study. Participants
received � apart from PrEP � trimonthly motivational-based
counseling regarding sexual health and assessments about sexual,
drug- and alcohol-use behavior. Motivational interviewing on sexual
behavior has previously shown to lead to a decrease in depression,
anxiety and stress among HIV-positive adults [28]. The question-
naires on sexual health and drug use could have influenced respond-
ents, leading them to rethink behavioral choices [29]. As
motivational interviewing might not be standard of care and assess-
ments on sexual health and drug use are not likely to be imple-
mented in real-life settings, we urge caution in the generalizability of
our findings to clinical settings.

Similar decreasing trends in sexual compulsivity and drug use dis-
order were observed in a prospective study among MSM performed
by our public health service [30]. In that study, we aimed to increase
help-seeking behaviour by screening for psychosocial problems in
addition to personalized feedback. Similarly in AMPrEP, we also
offered trimonthly motivational-based counseling regarding sexual
health with comprehensive assessments of mental health, substance
use and sexual behaviour. The impact of supportive assessments,
motivational interviewing and the role of a long-term patient �
healthcare provider relationship within a sexual health context war-
rants further research.

Although mental health problems were prevalent, with decreases
over time in sexual compulsivity and drug use disorder, we observed
no evidence to suggest that risk compensation involving drug use or
the development or worsening of mental health problems occurred
with time on PrEP. Based on our findings, PrEP guidelines should
address mental health and drug use problems in GBMSM both at
PrEP initiation and during PrEP follow-up. Given the interrelatedness
of disorders, PrEP services should consider integrating mental health
and addiction services.
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