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Abstract

As individual sexual behavior is variable over time, the timing of interventions might be vital

to reducing HIV transmission. We aimed to investigate transitions between HIV risk levels

among men who have sex with men (MSM), and identify determinants associated with

behavior change. Participants in a longitudinal cohort study among HIV-negative MSM

(Amsterdam Cohort Studies) completed questionnaires about their sexual behavior during

biannual visits (2008–2017). Visits were assigned to different HIV risk levels, based on latent

classes of behavior. We modelled transitions between risk levels, and identified determi-

nants associated with these transitions at the visit preceding the transition using multi-state

Markov models. Based on 7,865 visits of 767 participants, we classified three risk levels: low

(73% of visits), medium (22%), and high risk (5%). For MSM at low risk, the six-month prob-

ability of increasing risk was 0.11. For MSM at medium risk, the probability of increasing to

high risk was 0.08, while the probability of decreasing to low risk was 0.33. For MSM at high

risk, the probability of decreasing risk was 0.43. Chemsex, erection stimulants and poppers,

high HIV risk perception, and recent STI diagnosis were associated with increased risk at

the next visit. High HIV risk perception and young age were associated with decreasing risk.

Although the majority of MSM showed no behavior change, a considerable proportion

increased HIV risk. Determinants associated with behavior change may help to identify

MSM who are likely to increase risk in the near future and target interventions at these indi-

viduals, thereby reducing HIV transmission.
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Introduction

Timing of preventive interventions is essential to reduce transmission of infectious diseases,

and is particularly important for pre-exposure prophylaxis (PrEP) use to reduce HIV transmis-

sion. PrEP is a highly effective HIV prevention drug [1] that was introduced in the Netherlands

in 2015, and became available via STI clinics in 2019. For effective use of PrEP, it is crucial to

take periods of behavior related to high HIV risk into account, as timely initiation of PrEP

could prevent HIV infections, and timely termination of PrEP could prevent medication over-

use, lack of adherence, and high costs [2]. In the Netherlands, around 700 persons are cur-

rently diagnosed with HIV each year. Men who have sex with men (MSM) accounted for 66%

of newly diagnosed HIV infections in 2018 [3]. Several preventive interventions have been

found effective in reducing HIV transmission, including condom use, regular testing, and

treatment with antiretroviral therapy (ART) as prevention (e.g.,

Undetectable = Untransmittable (U = U)) [4, 5]. These interventions have likely contributed

to the decrease in number of diagnoses in the Netherlands observed since 2008 [3]. Despite the

implementation of these interventions, HIV transmission among MSM continues, and PrEP

use may further reduce HIV transmission.

In the Netherlands, HIV-negative MSM are eligible for PrEP use when they meet at least

one of the following criteria: reporting to have had condomless anal intercourse (AI) with a

male partner with unknown HIV status or known HIV-positive partner with a detectable viral

load, at least one syphilis or anal sexually transmitted infection (STI) diagnosis, or to have used

post-exposure prophylaxis (PEP) in the past six months [6]. HIV prevention, such as PrEP ini-

tiation, is currently tailored towards current behavior or behavior in the recent past, but is not

tailored to expected changes in behavior and specific periods of sexual behavior associated

with high HIV risk in the (near) future [4]. This means that HIV-negative MSM who are at the

onset of increasing HIV risk may be viewed as low risk based on their past behavior, and do

not meet the PrEP eligibility criteria at present, whereas timely initiation of PrEP may be espe-

cially important to prevent HIV transmission in these individuals.

Previous research identified predictors of sexual behavior associated with HIV risk.

For example, determinants that are associated with condomless AI and high number of

partners include the use of erection stimulants and poppers, chemsex, group sex [7–13],

increased STI incidence, younger age (<35 years) [14]. In addition, a steady partnership may

be associated with decreasing risk, such as decreased number of partners [13]. Also, HIV

risk perception is associated with sexual behavior [14–16]. For example, high HIV risk percep-

tion may indicate that an individual is aware of the increased HIV risk associated with their

current sexual behavior. At the same time, this awareness may provide motivation to decrease

risk in the future. However, few studies have examined which determinants are associated

with imminent changes in sexual behavior. A further reduction in HIV transmission may be

achieved by designing interventions that target MSM just before they enter a period of high

HIV risk.

The aim of the current study was to examine transitions between risk levels based on sexual

behavior among MSM at risk of HIV, using longitudinal data from the Amsterdam Cohort

Studies (ACS) [17]. We applied multi-state Markov models to examine transitions between

different levels of risk behavior across six-monthly intervals, in line with Dutch guidelines for

six-monthly STI/HIV testing among MSM. Furthermore, we aimed to identify determinants

of imminent changes in sexual behavior that go beyond the PrEP eligibility criteria, and more

specifically, of increasing and decreasing HIV risk.
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Materials and methods

Study population and procedure

The ACS started in 1984, and is an open, ongoing prospective cohort study on the epidemiol-

ogy, sexual behavior, psychosocial determinants, course of infection, and pathogenesis of HIV

among MSM in Amsterdam [17]. The ACS was approved by the Medical Ethics Committee of

the Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands (MEC

07/182). Participation is voluntary and written informed consent is obtained from every par-

ticipant at intake. Men are eligible for participation if they live in or around Amsterdam and

had sex with other men in the six months prior to recruitment (see also [14, 18]). Participants

were recruited by “convenience sampling” (e.g. brochures at the STI clinic, advertisements in

the gay scene) and “chain referral sampling” (i.e. participants recruited by other participants).

Recruitment was limited to young MSM under 30 years of age during several time periods, to

prevent aging of the cohort. Participants did not receive any incentive or compensation for

participation, but the six-monthly consultations and STI/HIV testing in the ACS is provided

free of charge. MSM who agreed to participate completed a self-administered questionnaire

about their sexual behavior and related psychosocial determinants in the preceding six

months. Also, at each visit, MSM were tested for HIV and other STI, including syphilis, gonor-

rhea, and chlamydia (for test details see [14, 18]).

The current study comprised MSM who visited the ACS at least twice between October

2008 and July 2017. MSM were included in the present study if they were HIV negative at their

first visit during this study period. Follow-up continued until HIV seroconversion, last ACS

visit, death, or July 2017, whichever occurred first.

Sexual behavior risk score

We used a composite sexual behavior risk score predictive of HIV seroconversion to define

HIV risk levels, which has been developed in previous work [13]. Briefly, this risk score was

based on sexual behavior assessed at every visit, and included detailed information about anal

intercourse (AI) with casual partners in the preceding six months, including numbers of AI

partners, condom use during AI, and number of condomless AI partners with an unknown or

positive HIV status. All information was reported separately for insertive and receptive AI,

and for three types of casual partners: one-night stands (‘someone you met by chance and had

sex with only once’), multiple-time casual partners (‘someone you met by chance on several

occasions and had sex with on these occasions’) and sex buddies (‘someone you intentionally

contact on a regular basis to have sex with’). Condom use was reported on a 5-point Likert

scale from 1 ‘always used a condom’ to 5 ‘never used a condom’. Information on whether the

participant engaged in AI during group sex (yes/no) was also included in the risk score. The

risk score predicted HIV acquisition fairly accurately in the ACS (AUC = 0.77).

Potential determinants of behavior change

Potential determinants associated with behavior change in the near future that are not

included as PrEP eligibility criteria are age (i.e., <35 years, or�35 years old), non-anal STI in

the past six months, steady partnership (yes/no), chemsex (yes/no), erection stimulants and

poppers (yes/no), and high HIV risk perception (yes/no). To compare the association of these

determinants on imminent behavior change with one of the current PrEP eligibility criteria,

anal STI or syphilis in the past six months was examined as a determinant of behavior change

as well. Anal or non-anal STI included both gonorrhea and chlamydia diagnoses. Chemsex

was defined as use of Gamma-Butyrolactone (GBL), Gamma-Hydroxybutyrate (GHB),
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mephedrone, methamphetamine, ketamine, amphetamine, cocaine or ecstasy (XTC) during

sexual intercourse in the past six months. Erection stimulants and poppers were defined as

using one or both of these sexual performance enhancing drugs during sex in the past six

months. Perceived risk to have acquired HIV in the past six months was measured on a

7-point Likert scale from 1 ‘impossible’ to 7 ‘very high’ [16], and high HIV risk perception was

defined as all scores higher than the median (score 3–7).

In order to determine whether sexual behavior associated with HIV risk increased or

decreased over the follow-up period, calendar time was also included as potential determinant

of behavior change. PrEP use in past six months was compared between the risk levels, but was

not included as a potential determinant, because data on PrEP use was not assessed in the ACS

until the second half of 2015, and PrEP use was limited until the national PrEP program started

in 2019. Furthermore, the COVID-19 pandemic had a great influence on sexual behavior and

PrEP care in 2020 and 2021, which is why the time period 2008 to 2017 was used.

Statistical analyses

To distinguish different levels of HIV risk, we performed latent class analysis (LCA) on all

visits using the previously developed sexual behavior risk score predictive of HIV seroconver-

sion [13]. Models with one to four latent classes were estimated. To determine the number of

latent classes that best fitted the data (final model), we used the following criteria: Bayesian

Information Criterion (BIC) with lower values indicating better model fit, entropy with

values�0.80 indicating good classification and Vuong-Lo-Mendell-Rubin (VLMR)

likelihood ratio test with p-values < 0.05 indicating significant improvement in model fit com-

pared to a model with one class less. Also, classes should include a substantial percentage of

visits (>2%) and differ considerably in risk level [19, 20]. Based on the final model, we classi-

fied each visit in the most likely latent class risk level. Subsequently, we compared risk levels

on sexual behavior characteristics, determinants possibly associated with behavior change, and

PrEP use, using ANOVA for continuous variables and Chi-square test for dichotomous

variables.

To examine changes in sexual behavior, transitions between risk levels were modelled as a

Markov process [21]. Using a multistate time-homogenous Markov model, we modelled tran-

sition intensities between risk levels, which are defined as the instantaneous rates per year of a

transition occurring, and are estimated by the probability of occupying a given state at each

observed study visit. ACS visits are usually scheduled twice a year. In addition, six-monthly

STI/HIV testing is recommended for MSM according to Dutch guidelines. Therefore, from

the model, we obtained six-month transition probabilities that represent the likelihood of

changing to a different risk level at time t+1, given the occupied state at time t. The model

assumes that each transition is independent and identically distributed. These six-month tran-

sition probabilities represent mean transition probabilities across the time period between

2008 and 2017.

To identify determinants associated with transition between risk levels, we modelled

the effects of potential determinants of transitions between risk levels as proportional

hazards. We examined whether determinants reported at the current visit were associated with

transitioning to another risk level at the next visit six months later. Visits with missing values

on one or more of the potential determinants of behavior change were excluded from the

model. For each determinant hazard ratios (HR) and their 95% confidence intervals (CI) of

each possible transition were calculated in univariable models. All determinants were

included in a multivariable model, in which the individual contribution of each determinant

to change in sexual behavior was assessed. Stata version 15.1 was used for data management
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[22], the LCA analyses were performed in Mplus version 7.4 [23], and the multi-state Markov

model was estimated by maximum likelihood methods using the ‘msm’ package in R version

3.4.1 [24].

Results

Sample characteristics

Between 20 October 2008 and 31 July 2017, 8,922 HIV-negative ACS visits of 833 MSM were

reported. Visits without questionnaire data (n = 372), visits with missing values in the variables

used to calculate the sexual behavior risk score (n = 676), and visits without follow-up data in

the study period (i.e.,�1 ACS visit during study period, n = 9) were excluded. In total, 767

MSM with 7,865 visits were included in this study (88% of all HIV-negative ACS visits), with a

median number of 10 visits (IQR = 6–15) per participant (S1 Table). The majority of the study

population was Dutch (81.9%), and highly educated (76.8%). At the first visit in the study

period (2008–2017), mean age was 36 years (SD = 10) and mean age at sexual debut with a

man was 18 (SD = 4). During follow-up, in the 767 included MSM, 37 HIV seroconversions

were detected (5%).

Risk levels

The LCA showed that models with 3 or 4 latent classes had a better model fit than a 2-class

solution (i.e., higher BIC) (S2 Table). The VLMR p-value showed that the model with 4 latent

classes was not a significantly better fitting model than the model with 3 latent classes. Further-

more, the smallest latent class in the 4-class solution was very small (<2%). Therefore, the

model with the three-class solution was chosen (entropy value = 0.91). Based on the character-

istics of the latent classes that were identified, 5,786 visits were classified as low (73%), 1,712 as

medium (22%), and 367 as high risk (5%) of acquiring HIV (Table 1). The percentage of HIV

seroconversions was 0.1% in intervals classified as low risk, 0.2% in medium risk, and 2.5% in

high risk.

Behavior change

From the Markov model, we obtained the six-month transition probabilities between risk lev-

els. In the data, moving to a high risk visit directly after a low risk visit or to a low risk visit

directly after a high risk visit was very rare. Therefore, in the model it was assumed that if indi-

viduals transitioned between low risk and high risk in the data, they must have occupied

medium risk level at some point during the six-month time interval. The modelled transition

probabilities between visits showed that for MSM at low risk, the probability of moving to

medium risk was 0.10, and of moving to high risk was 0.01 (Fig 1). For MSM at medium risk,

the probability of moving to high risk was 0.08, and the probability of moving to low risk was

0.33. For MSM at high risk, the probability of moving to medium risk was 0.34, and to low risk

was 0.09. MSM were more likely to remain at the same risk level at the next visit if their previ-

ous visit was classified as low risk (0.89) compared to medium (0.59) or high (0.57) risk.

We examined determinants of increasing risk level, that is moving from low-> medium

and medium->high, and decreasing risk level, i.e., high->medium, and medium->low risk

level in univariable and multivariable analyses (Table 2). In multivariable analysis, reporting

chemsex, use of erection stimulants and poppers, high HIV risk perception, anal STI or syphi-

lis in the past six months, and non-anal STI in the past six months was associated with increas-

ing from low risk at the current visit to medium risk at the next visit. Reporting chemsex, high

HIV risk perception, and anal STI or syphilis in the past six months was associated with
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increasing from medium risk at the current visit to high risk at the next visit. Calendar time

was associated with all transitions towards increasing risk (low->medium, medium->high)

(S3 Table), which means that sexual behavior associated with medium or high HIV risk

increased over follow-up.

Table 1. Characteristics reported at visits classified as low, medium and high risk among MSM participating in the Amsterdam Cohort Studies, Amsterdam the

Netherlands, between 2008 and 2017 (n = 7,865).

Low risk n visits = 5,786 Medium risk n visits = 1,712 High risk n visits = 367

M (SD) M (SD) M (SD)

Number of casual insertive AI partners 1.4 (4.5) 6.0 (10.0) 16.2 (16.7)

Number of casual receptive AI partners 0.4 (0.9) 5.4 (4.9) 19.5 (19.2)

n (%) n (%) n (%)

Condomless AIa with casual partner

Yes 695 (12.0) 766 (44.7) 296 (80.7)

No 5,089 (88.0) 945 (55.2) 71 (19.3)

AIa during group sex

Yes 388 (6.7) 1,056 (61.7) 324 (88.3)

No 5,398 (93.3) 655 (38.3) 43 (11.7)

Age < 35

Yes 1,687 (29.2) 442 (25.8) 77 (21.0)

No 4,099 (70.8) 1,270 (74.2) 290 (79.0)

Steady partnership

Yes 3,929 (67.9) 999 (58.4) 202 (55.0)

No 1,855 (32.1) 712 (41.6) 162 (44.1)

Chemsexb

Yes 884 (15.3) 705 (41.2) 203 (55.3)

No 4,801 (83.0) 974 (56.9) 158 (43.1)

Erection stimulants and poppersc

Yes 2,106 (36.4) 1,288 (75.2) 322 (87.7)

No 3,604 (62.3) 401 (23.4) 44 (12.0)

High HIV risk perception (HIV risk perception score>2)d

Yes 986 (17.0) 527 (30.8) 183 (49.9)

No 4,738 (81.9) 1,171 (68.4) 181 (49.3)

Anal bacterial STI or syphilis in past 6 monthse

Yes 227 (3.9) 214 (12.5) 83 (22.6)

No 5,363 (92.7) 1,483 (86.6) 281 (76.6)

Non-anal bacterial STI in past 6 monthse

Yes 169 (2.9) 84 (4.9) 28 (7.6)

No 5,421 (93.7) 1,613 (94.2) 336 (91.6)

n/N (%) n/N (%) n/N (%)

PrEP use in past six monthsf 23/1,336 (1.7) 35/450 (7.8) 42/135 (31.1)

Note. All characteristics are significantly different between the low, medium, and high risk visits (p-values <0.001), except for age and steady partnerships between

medium and high risk visits. Categories do not all add up to the total number of visits, as missing values are not shown.
aInsertive or receptive AI;
bIncluding GBL, GHB, mephedrone, methamphetamine, ketamine, amphetamine, cocaine or XTC;
cIncluding poppers or erectile dysfunction drugs during sex;
dMedian HIV risk perception = 2;
eBased on test findings at the ACS or the STI clinic, available from October 2008 onwards;
f Assessed in ACS from second half of 2015 onwards including 1,921 visits.

Abbreviations: AI = anal intercourse; M = mean; PrEP = pre-exposure prophylaxis; SD = standard deviation; STI = sexually transmitted infection.

https://doi.org/10.1371/journal.pone.0259913.t001
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High HIV risk perception and young age at the current visit were associated with decreas-

ing from medium to low risk at the next visit. MSM who were in a steady partnership were

more likely to remain in the same risk level (Table 2).

Discussion

The majority of MSM remained in the same risk level during the entire follow-up period, but a

considerable proportion of MSM at low and medium risk increased to higher risk levels. Fur-

thermore, overall HIV risk based on sexual behavior increased over time. Reporting chemsex,

use of erection stimulants and poppers, high HIV risk perception, anal STI or syphilis in the

past six months, and non-anal STI in the past six months were associated with increasing risk

over time. High HIV risk perception and young age were associated with decreasing risk.

To our knowledge, this is one of the first longitudinal studies among MSM into determi-

nants associated with increasing or decreasing HIV risk six months later. The main strengths

Fig 1. Six-month transition probabilities between visits classified as low (73%), medium (22%), and high risk (5%)

among MSM participating in the Amsterdam Cohort Studies, Amsterdam the Netherlands, between 2008 and

2017 (n = 7,865). Thickness of the lines represent the group size relative to the rest of the population.

https://doi.org/10.1371/journal.pone.0259913.g001

Table 2. Univariable and multivariable determinants of increasing (low to medium, or medium to high risk level) or decreasing HIV risk (high to medium, or

medium to low risk level) in proportional hazards analysis among MSM participating in the Amsterdam Cohort Studies, Amsterdam the Netherlands, between

2008 and 2017 (n = 7,427 visits).

Increasing HIV risk Decreasing HIV risk

Low -> Medium Medium -> High High -> Medium Medium -> Low

Crude Adjusted Crude Adjusted Crude Adjusted Crude Adjusted

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age < 35 1.14 (0.94–1.38) 1.18 (0.96–1.46) 0.91 (0.60–1.38) 0.82 (0.52–1.28) 1.22 (0.80–1.87) 1.05 (0.65–1.70) 1.24 (1.02–1.50) 1.28 (1.03–1.59)

Steady partnership 0.77 (0.64–0.92) 0.81 (0.66–0.98) 0.62 (0.44–0.88) 0.70 (0.48–1.02) 0.52 (0.37–0.75) 0.60 (0.39–0.90) 0.79 (0.66–0.94) 0.80 (0.66–0.97)

Chemsex 2.58 (2.12–3.14) 1.78 (1.43–2.21) 1.79 (1.27–2.53) 1.77 (1.21–2.60) 1.20 (0.84–1.71) 1.48 (0.96–2.28) 0.98 (0.82–1.18) 1.02 (0.83–1.25)

Erection stimulants and poppers 2.50 (2.08–3.00) 2.05 (1.68–2.50) 1.13 (0.70–1.82) 0.93 (0.55–1.57) 0.46 (0.28–0.74) 0.47 (0.25–0.85) 0.88 (0.72–1.07) 0.95 (0.76–1.17)

High HIV risk perception 2.12 (1.74–2.59) 1.75 (1.41–2.18) 2.15 (1.52–3.04) 2.03 (1.41–2.93) 1.02 (0.72–1.46) 0.97 (0.66–1.42) 1.34 (1.10–1.62) 1.32 (1.07–1.62)

Anal STI or syphilis in past 6 months 2.92 (2.13–4.01) 1.95 (1.38–2.74) 2.11 (1.32–3.38) 2.03 (1.22–3.38) 1.45 (0.93–2.26) 1.47 (0.91–2.38) 1.08 (0.80–1.45) 0.97 (0.71–1.33)

Non-anal STI in past 6 months 2.42 (1.59–3.68) 1.87 (1.18–2.96) 1.01 (0.48–2.12) 1.03 (0.45–2.37) 0.81 (0.40–1.66) 1.03 (0.47–2.26) 1.34 (0.88–2.03) 1.19 (0.73–1.92)

Notes. Visits with missings were excluded (n = 438, 6%). Of all low risk visits, 6.3% was excluded from multivariable analysis due to missing values on one or more of

the potential determinants of behavior change (n = 364). This percentage missing was significantly higher compared to 3.6% of medium visits that were excluded due to

missing values (n = 62), and 3.3% of high risk visits (n = 12) (p-value<0.001). Hazard ratios are calculated relative to staying at the same risk level. Hazard ratios are

shown in bold when the p-value is smaller than 0.05. Abbreviations: CI = confidence interval; HR = hazard ratio; STI = sexually transmitted infection.

https://doi.org/10.1371/journal.pone.0259913.t002

PLOS ONE Transitions between HIV risk levels and determinants of behavior change in MSM

PLOS ONE | https://doi.org/10.1371/journal.pone.0259913 December 9, 2021 7 / 13

https://doi.org/10.1371/journal.pone.0259913.g001
https://doi.org/10.1371/journal.pone.0259913.t002
https://doi.org/10.1371/journal.pone.0259913


of our study are the large sample size, and the availability of extensive longitudinal data span-

ning almost a decade (2008–2017) on both sexual behavior and other HIV/STI-related risk fac-

tors in a population of HIV-negative MSM. There were some limitations. First, the majority of

the ACS study population are highly educated Dutch MSM, which means that the results may

not be generalizable to the entire MSM population in the Netherlands. Nevertheless, demo-

graphics and sexual behavior as reported in the ACS has been found to be comparable to larger

studies among MSM in the Netherlands, such as the Schorer monitor [25] and the "Men &

Sexuality" survey [26], and to the MSM population visiting STI clinics in the Netherlands [27].

Second, since PrEP effectively reduces HIV risk [2], MSM at medium or high risk using PrEP

are actually at low risk of acquiring HIV. Nonetheless, even though PrEP users are at low risk

of acquiring HIV, determinants associated with behavior change are useful to improve timing

of interventions, such as terminating PrEP, or increasing STI testing uptake when PrEP users

remain in the medium or high risk level in terms of sexual behavior. Third, only MSM who

reported to have had a male partner in the past six months were eligible to participate in the

ACS, which could mean that MSM in the ACS are higher risk compared to the general MSM

population. However, most participants are followed up for many years including time inter-

vals in which they did not have a male sexual partner. These time intervals were classified as

low risk, which means that the results may also reflect changes in behavior of MSM who are

not sexually active. Last, we cannot rule out that changes in risk level may to some extend be

explained by misclassification of risk level due to uncertainties of the LCA method. However,

the entropy value was very high, which means that the risk of misclassification was very

limited.

In the present study, we found that MSM who were at medium or high risk at some point

during follow-up were more likely to switch between risk levels over time compared to MSM

at low risk. This is in agreement with previous longitudinal studies that showed that sexual

behavior over time was most variable in MSM with a high number of contacts [9], high contact

rates [8], and in MSM reporting more condomless receptive and insertive AI [28, 29]. In con-

trast, another study among young MSM aged 18–24 years in the United States, showed that

there was high variability in sexual behavior over time in all risk groups [30]. This difference

may be explained by differences in the study populations, as we included MSM aged 18–77

years. We found that changing behavior over time was associated with young age, which might

explain the higher variability in behavior found in the study of Wong et al [30]. Another possi-

ble explanation for the difference is that the risk groups in the study of Wong et al were based

on either the number of partners or on condom use [30], whereas the risk levels in our study

were based on a combination of number of partners, condom use and several other factors.

Calendar time was a determinant of increasing HIV risk which means that sexual behavior

associated with high HIV risk increased during the study period (2008–2017). This is in agree-

ment with other studies exploring sexual behavior in a similar time period [31–33]. The

increase in sexual behavior associated with high STI and HIV risk may be related to important

developments in terms of HIV prevention and treatment. The introduction of biomedical

interventions improving treatment and prevention of HIV, such as ART and PrEP, may have

had a large impact on HIV risk perception and subsequent behavior [16]. As PrEP effectively

diminishes HIV risk, HIV risk perception may decrease, which might result in increased inser-

tive and receptive condomless AI and STI risk among PrEP users [10, 14–16, 34]. Interestingly,

in the current study, high HIV risk perception was associated with increasing risk, as well as

decreasing risk. High HIV perception predicting increasing risk may reflect awareness of

MSM that their behavior is changing towards higher HIV risk, whereas high HIV risk percep-

tion predicting decreasing risk may reflect awareness of their recent high risk behavior moti-

vating them to decrease risk.
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Anal STI or syphilis in the past six months is already included in the PrEP eligibility criteria,

which can be confirmed by our results. Non-anal STI in the past six months was also associ-

ated with increasing risk. An explanation for these results may be that MSM who previously

received STI diagnosis and treatment may have reduced fear, shame and stigma regarding an

STI diagnosis [35, 36] (e.g., various non-invasive treatment options), and might not be inhib-

ited by an STI diagnosis and continue to increase their risk. In addition to (non-)anal STI or

syphilis, other determinants of increasing risk identified in this study were not having a steady

partner, chemsex, use of erection stimulants and poppers, and high HIV risk perception. All

these determinants may help to identify MSM who are likely to increase risk in a short period

of time, which could be used to improve the timing of PrEP initiation.

Most previous studies have focused on exploring HIV risk factors to identify MSM eligible

for initiation of PrEP. However, there are no specific criteria for stopping with PrEP described

in the national guidelines, except for medical reasons, such as kidney damage. We showed that

MSM at high risk are likely to decrease their risk over six-monthly intervals. Determinants

associated with decreasing risk in MSM at high risk, such as high HIV risk perception, young

age, and not having a steady partner, could be used to determine whether an individual should

stop using PrEP or change from daily to event-driven PrEP use. This will prevent medication

overuse, lack of adherence, and high costs [2]. Thus, determinants associated with decreasing

or increasing risk could be helpful to identify MSM who are likely to change behavior within a

short period of time, consequently enabling improved timing of interventions. For example,

timely initiation or termination of PrEP use, targeting MSM who are likely to increase risk

with behavior change interventions, or optimize STI/HIV testing intervals (e.g., after three

months instead of after six months).

The methods in this study could be applied to other infectious diseases as well. Risk behav-

ior plays an important role in the prevention of many infectious diseases, not only for sexually

transmitted diseases. Identifying determinants of changing behavior, for example towards

decreased adherence to COVID-19 measures (e.g., physical distancing, hygiene measures),

might be very useful to identify individuals that should be targeted with increased infection

prevention measures.

Future research should focus on assessing the impact of improved timing of interventions

on HIV prevalence, using mathematical modelling. In the Netherlands, PrEP became available

in 2015, but the national PrEP program started from July 2019 onwards, and PrEP use is

expected to increase in the coming years [37]. Studies could focus on exploring short-term and

long-term changes in sexual behavior among PrEP users, and their consequences for STI risk.

Also, identifying behavior change interventions that can achieve risk-reducing behavior more

effectively among MSM at high risk may be important to reduce STI transmission among

PrEP users.

To conclude, the majority of ACS visits among HIV-negative MSM between 2008 and 2017

was classified as low risk. The majority of MSM showed no behavior change, but a consider-

able proportion of MSM increased HIV risk. Determinants of behavior change could be used

for an early identification of MSM who are likely to change their behavior in the near future.

Targeting interventions at MSM prior to entering a period of increased risk may help to reduce

HIV transmission.
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