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ABSTRACT
Objectives: Pre-exposure prophylaxis (PrEP) use may
influence sexual behaviour and transmission of STIs
among men who have sex with men (MSM). We aimed
to quantify the distribution of STI diagnoses among
MSM in the Netherlands based on their sexual behaviour
before and after the introduction of PrEP.
Methods: HIV-negative MSM participating in a
prospective cohort study (Amsterdam Cohort Studies)
completed questionnaires about sexual behaviour
and were tested for STI/HIV during biannual visits
(2009–2019). We developed a sexual behaviour risk
score predictive of STI diagnosis and used it to calculate
Gini coefficients for gonorrhoea, chlamydia and syphilis
diagnoses in the period before (2009 to mid-2015) and
after PrEP (mid-2015 to 2019). Gini coefficients close
to zero indicate that STI diagnoses are homogeneously
distributed over the population, and close to one indicate
that STI diagnoses are concentrated in individuals with a
higher risk score.
Results: The sexual behaviour risk score (n=630, n
visits=10 677) ranged between 0.00 (low risk) and 3.61
(high risk), and the mean risk score increased from 0.70
(SD=0.66) before to 0.93 (SD=0.80) after PrEP. Positivity
rates for chlamydia (4%) and syphilis (1%) remained
relatively stable, but the positivity rate for gonorrhoea
increased from 4% before to 6% after PrEP. Gini
coefficients increased from 0.37 (95% CI 0.30 to 0.43)
to 0.43 (95% CI 0.36 to 0.49) for chlamydia, and from
0.37 (95% CI 0.19 to 0.52) to 0.50 (95% CI 0.32 to
0.66) for syphilis comparing before to after PrEP. The Gini
coefficient for gonorrhoea remained stable at 0.46 (95%
CI 0.40 to 0.52) before and after PrEP.
Conclusions: MSM engaged in more high-risk sexual
behaviour and gonorrhoea diagnoses increased after
PrEP was introduced. Chlamydia and syphilis diagnoses
have become more concentrated in a high-risk subgroup.
Monitoring the impact of increasing PrEP coverage
on sexual behaviour and STI incidence is important.
Improved STI prevention is needed, especially for high-
risk MSM.

and risk of acquiring HIV is higher in men who have
sex with men (MSM).3 4 Recently, pre-
exposure
prophylaxis (PrEP) has become available, which is a
highly effective intervention to prevent HIV infection.5 6 In the Netherlands, PrEP use and intention
to use PrEP have increased over the past years and
are expected to keep increasing in the future.7 8
HIV incidence in the population may decrease
significantly due to PrEP,5 6 but the impact of PrEP
on the transmission of other STIs, such as chlamydia, gonorrhoea and syphilis, is unclear. Previous
studies showed that condomless anal intercourse
increased among MSM after PrEP initiation,9 10
which may increase STI risk. Furthermore, sexual
behaviour trends before PrEP were already moving
towards higher risk.11 12 Since PrEP is available for
MSM at high risk of acquiring HIV based on their
behaviour, it is likely that PrEP users are disproportionally affected by STI as well (ie, STI positivity
rates are usually higher in this high risk group
compared with lower risk groups).
Here, we aimed to quantify how STI diagnoses
are distributed among MSM in the Netherlands
based on their sexual behaviour, using longitudinal
data from the Amsterdam Cohort Studies (ACS).13
In economics, measuring disparity in distributions
(ie, inequalities in income distribution) is often
done using the Gini coefficient computed from a
Lorenz curve.14 Since these inequalities have been
shown to exist in the distribution of STI/HIV diagnoses,15–17 we used these disparity measures to
examine the distribution of chlamydia, gonorrhoea
and syphilis diagnoses across sexual behaviour risk
strata in the MSM population. Furthermore, as
risk behaviour and STI diagnoses may increase as
a result of PrEP, these measures could be useful to
quantify the impact of PrEP on changes in sexual
behaviour and STI distribution in the MSM population. Therefore, we examined possible changes in
sexual behaviour and Gini coefficients over time
under the influence of PrEP and PrEP-related STI
screening.

INTRODUCTION

METHODS
Data

Despite widespread implementation of interventions aimed at reducing HIV transmission, such
as condom use, regular testing and treatment with
antiretroviral therapy (ART) as prevention (eg,
undetectable=untransmittable (U=U)),1 2 HIV
transmission continues. Globally, around 1.7 million
people were newly diagnosed with HIV in 2019,

The ACS is an open and ongoing prospective cohort
study on sexual behaviour, psychosocial characteristics, course of infection and pathogenesis of HIV
among MSM in Amsterdam.13 Men are eligible to
participate if they live in or around Amsterdam and
had sex with other men in the past 6 months. MSM
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Quantifying heterogeneity in sexual behaviour and
distribution of STIs before and after pre-exposure
prophylaxis among men who have sex with men
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Sexual behaviour risk score

Since sexual behaviour is more likely to change over time
compared with other more stable predictors of STI diagnosis,
such as demographic characteristics (eg, migration background
and education level), only behavioural variables were included
in the risk score. Data on sexual behaviour collected in the
biannual questionnaires included number of casual partners,
type of partnership (steady/casual), condomless insertive and/or
receptive sex (yes/no), anal intercourse during group sex (yes/
no) and chemsex (yes/no). Definitions of behavioural variables
are provided in online supplemental text S1. With these variables, we developed a sexual behaviour risk score predictive of
STI acquisition. We created a combined STI diagnosis variable,
where STI diagnosis was defined as gonorrhoea, chlamydia
and/or syphilis diagnoses at one or more anatomical locations
(ie, any STI). Continuous behavioural variables that were not
normally distributed were log-transformed. Missing data were,
when possible, extrapolated from the next ACS visit of this
unique individual (see online supplemental material, text S2, for
a detailed description of dealing with missing data).
We used univariable and multivariable logistic regression analyses to identify behavioural predictors of STI diagnosis. If behavioural variables were statistically significant in the univariable
analyses (p<0.05), they were included in multivariable analysis.
All variables that remained in the multivariable model were used
to calculate the sexual behaviour risk score. The calculation of
this risk score was based on previous work, which explored
longitudinal trajectories of sexual behaviour.18 The risk score
was calculated for each individual at each visit using the regression coefficients from the multivariable model. To assess the
performance of the sexual behaviour risk score in predicting STI
diagnosis, we calculated the area under the curve (AUC), with
values >0.7 considered acceptable.19

Gini coefficients and Lorenz curves

We used the sexual behaviour risk score to study how STI are
distributed in the MSM population using Lorenz curves. Gini
coefficients and Lorenz curves were calculated and plotted
similar to methods used in a previous study.15 A Lorenz curve
is the cumulative proportion of visits with STI diagnosis plotted
as a function of the proportion of all visits from lower to higher
risk score. Gini coefficients are defined as the area between the
line of equality (ie, the diagonal line), and the Lorenz curve is
divided by the total area below the line of equality. Gini coefficients close to zero indicate homogeneous distribution of STI
diagnoses over the population regardless of the sexual behaviour
risk score, which is equal to the line of equality in the Lorenz
curve. Gini coefficients close to one indicate that STI diagnoses
are concentrated in parts of the population with higher sexual
396

behaviour risk scores. We computed Lorenz curves and estimated
Gini coefficients and 95% CIs for gonorrhoea, chlamydia and
syphilis infections and for any STI (ie, chlamydia and/or gonorrhoea and/or syphilis diagnoses at the current visit), including all
visits from 2009 to 2019. Furthermore, a Gini coefficient was
computed for anal gonorrhoea and for any anal STI.

Introduction of PrEP

In the Netherlands, PrEP was made available by the government
for eligible MSM in 2019, which includes HIV-negative MSM
who either report to have had condomless anal intercourse with
a male partner with unknown HIV status or with a known HIV-
positive partner with detectable viral load, or at least one syphilis
or anal STI diagnosis, or to have used postexposure prophylaxis
in the past 6 months. However, some healthcare institutions had
already been providing PrEP to MSM before 2019. For example,
the Amsterdam Pre-Exposure Prophylaxis (AMPrEP) project is a
prospective demonstration study that started in June 2015 and
aimed to assess STI/HIV incidence and sexual behaviour among
PrEP users in Amsterdam.9 As ACS participants were able to
participate in this project, we used 31 May 2015 as a cut-off to
compare Gini coefficients in a time period before PrEP (2009 to
mid-2015) and after PrEP (mid-2015 to 2019).
MSM who had no ACS visit before PrEP or no visit after
PrEP were excluded from this analysis. We also computed Gini
coefficients and sexual behaviour risk scores per year (ie, for
2009–2019) to examine pre-existing trends in the distribution
of STI diagnoses and sexual behaviour over time, irrespective
of PrEP. Furthermore, sensitivity analyses were done excluding
visits in the year 2019, because after 2019, no data were available to extrapolate for visits with missing data, which could
possibly introduce bias. All statistical analyses were done using
R V.3.6.1.20

RESULTS
Study population

In total, data from 14 787 visits were available in the ACS
dataset in the period between 2009 and 2019. For 2350 of these
visits, behavioural variable values were missing, and values were
extrapolated from the next ACS visit of the same person within
the dataset (online supplemental figure S1), and 1269 visits were
excluded because extrapolation was not possible (ie, no next ACS
visit available). As expected, STI positivity rates and risk scores
were higher in extrapolated and excluded visits (online supplemental material, text S2). Furthermore, 45 visits were excluded
after HIV seroconversion (n=39, 4% of all MSM). Thus, 971
MSM with 13 473 ACS visits (91%) in the period between 2009
and 2019 were included in the final statistical analyses (online
supplemental table S1 and figure S1). The majority of MSM
was Dutch (69%) and highly educated (77%). The mean age
at first visit was 35 years (SD 10 years), and the mean age at
sexual debut with a man was 18 years (SD 4 years). PrEP use was
reported by 232 MSM (24% of all participants) at 758 visits (5%
of all visits), all after June 2015.

Sexual behaviour risk score

All behavioural variables were significant in the univariable
logistic regression analyses (table 1) and were, thus, all included
in the multivariable model. In the multivariable analysis, 959
MSM with 12 274 visits (83%) were included, after excluding
1199 visits with one or more missing values. Regression coefficients from the multivariable model were used to calculate the
sexual behaviour risk score. The sexual behaviour risk score
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were included in the present study if they visited the ACS at
least once between January 2009 and December 2019, and if
they were HIV negative at their first visit during this period.
Follow-up ended after the last ACS visit in the study period, HIV
seroconversion or death.
ACS participants completed questionnaires about their sexual
behaviour in the preceding 6 months and were tested for STI/
HIV, including urogenital, anal and pharyngeal testing for gonorrhoea and chlamydia, and syphilis testing, at the Public Health
Service of Amsterdam every 6 months. We calculated positivity
rates, defined as the percentage of all visits with an STI diagnosis
for gonorrhoea, chlamydia and syphilis infections separately and
for combinations of these diagnoses (STI).

Original research

Univariable n=971 MSM/13 473 visits
Sexual behaviour factors

OR

Number of insertive casual partners

1.64

Number of receptive casual partners

1.75

Condomless insertive sex (yes)

95% CI

Multivariable n=959 MSM/12 274 visits
P value

OR

95% CI

P value

1.56 to 1.73

<0.001

1.20

1.12 to 1.30

<0.001

1.67 to 1.84

<0.001

1.33

1.23 to 1.43

<0.001

2.82

2.51 to 3.18

<0.001

1.25

1.04 to 1.50

0.02

Condomless receptive sex (yes)

3.29

2.91 to 3.71

<0.001

1.35

1.12 to 1.63

0.001

AI during group sex (yes)

2.19

1.94 to 2.46

<0.001

1.14

0.98 to 1.33

0.08

Chemsex (yes)

2.50

2.21 to 2.83

<0.001

1.61

1.40 to 1.85

<0.001

Steady partnership (no)

1.56

1.39 to 1.75

<0.001

1.37

1.20 to 1.56

<0.001

Continuous variables including partner numbers were log transformed. Visits with one or more missing sexual behaviour factors were excluded from multivariable analysis. STI
acquisition is defined as gonorrhoea, chlamydia or syphilis diagnosis at one or more anatomical locations.
Created by the authors.
AI, anal intercourse; ; MSM, men who have sex with men.

varied between 0.00 (lowest risk score) and 3.61 (highest risk
score), and the mean risk score was 0.82 (SD=0.74). The risk
score performed reasonably well for gonorrhoea (AUC=0.73),
chlamydia (AUC=0.71) and syphilis (AUC=0.72) infections
separately and for any STI (AUC=0.72). The mean risk score
gradually increased over time, with a lowest mean risk score of
0.63 (SD=0.62) in 2009 and highest mean risk score of 1.01
(SD=0.81) in 2018 (online supplemental table S3). The mean
risk score was higher at visits when PrEP use in the past 6 months
was reported (mean=1.27, SD=0.70) compared with visits
without recent PrEP use (mean=0.73, SD=0.57).

Lorenz curves and Gini coefficients for STI

Positivity rates (% positive of all 12 274 visits) for gonorrhoea
(5.1%) and chlamydia (4.6%) were higher compared with
the positivity rate for syphilis (0.7%) (online supplemental
table S2). The Lorenz curves for gonorrhoea, chlamydia and

syphilis infections separately and any STI were relatively similar
(figure 1). The gonorrhoea curve is slightly further away from
the diagonal line (ie, from the homogeneous distribution of STI
diagnoses over the population regardless of the sexual behaviour
risk score) compared with the curves for chlamydia, syphilis
and the any STI variable, which indicates that the association
between gonorrhoea and the sexual behaviour risk score may be
stronger than for the other STI.
To increase interpretability of the Lorenz curve, we added
a figure plotting STI positivity over different segments of the
continuous risk score (figure 2, online supplemental figure S2),
which showed that positivity rates increased along with the risk
score. Gini coefficients for gonorrhoea at any location, anal
gonorrhoea and anal STI were slightly higher than Gini coefficients for chlamydia, syphilis and any STI (table 2). These results
indicate that (anal) gonorrhoea and anal STI were more concentrated in MSM with a higher sexual behaviour risk score.

Before and after PreP

Gini coefficients were computed again for 630 MSM with
10 677 ACS visits (online supplemental figure S1, figure 3), who
had ≥1 visit before and ≥1 visit after PrEP. Positivity rates for
chlamydia and syphilis remained relatively stable before and
after PrEP, but the positivity rate for (anal) gonorrhoea and
(anal) STI was significantly increased after PrEP (figure 3, online
supplemental table S2). Gini coefficients for chlamydia, syphilis, anal gonorrhoea and (anal) STI increased from before to
after PrEP and were thus more concentrated in the population
with a higher risk score (figure 3, online supplemental table S2).
However, the Gini coefficient for gonorrhoea at all anatomical
locations remained stable. When looking at the Gini coefficients
for gonorrhoea and chlamydia at all anatomical locations per
year (number of diagnoses for syphilis were too small to stratify
per year), no clear increasing or decreasing trends were observed
(online supplemental table S3). Sensitivity analyses excluding
visits in 2019 showed that the Gini coefficients remained the
same as in the computations with 2019 (data not shown).

DISCUSSION
Figure 1 Lorenz curves representing the cumulative proportion of
STI diagnoses among MSM participating in the ACS between 2009
and 2019 (n=959, n visits=12 274) as a function of the cumulative
proportion of all visits from lowest to highest risk score. Curves are
shown for any STI infection, and for gonorrhoea, chlamydia and syphilis
separately. ACS, Amsterdam Cohort Studies. Created by the authors.

We found that the distribution of gonorrhoea diagnoses over
the population according to a sexual behaviour risk score was
more concentrated in a higher risk subpopulation, compared
with chlamydia and syphilis diagnoses in 2009–2019. Furthermore, although the gonorrhoea positivity rate increased after
the introduction of PrEP, the distribution of diagnoses over the
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Table 1 Logistic univariable and multivariable regression analysis of factors associated with STI acquisition among MSM participating in the
Amsterdam Cohort Studies between 2009 and 2019
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population remained the same. In contrast, the positivity rates
for chlamydia and syphilis were similar before and after the
introduction of PrEP, but the distribution of diagnoses over the
population became more concentrated in a higher risk subpopulation after 2015.
The increase in STI positivity rates observed after the introduction of PrEP may be explained by increased STI testing
frequency among PrEP users (ie, the more you test, the more you
find). However, whereas gonorrhoea positivity rates increased
after PrEP, the distribution of gonorrhoea diagnoses over the
population did not change, in contrast to chlamydia and syphilis. This might be explained by pre-existing inequalities in STI
distribution before PrEP. Possibly, gonorrhoea was already more
Table 2 Mean risk scores, positivity rates, estimated Gini coefficients
and corresponding 95% CIs for gonorrhoea, chlamydia and syphilis in
MSM participating in the Amsterdam Cohort Studies between 2009
and 2019 (n=959, n visits=12 274)
Total (n visits=12 274)
Risk score, mean (SD)

0.82 (0.74)

STI diagnoses

% positive

Gini coefficient

 Gonorrhoea

5.1

0.44

0.40 to 0.48

 Chlamydia

4.6

0.40

0.36 to 0.44

 Syphilis

0.7

0.43

0.31 to 0.55

 STIs

9.4

0.40

0.38 to 0.43

 Anal gonorrhoea

2.7

0.53

0.48 to 0.58

 Anal STI

5.4

0.46

0.43 to 0.50

Created by the authors.
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95% CI

Figure 3 Gini coefficients and STI positivity rates in MSM
participating in the ACS before PrEP (n visits=5997, 56%) and after PrEP
(n visits=4680, 44%) between 2009 and 2019 (n=630, n visits=10 677).
Estimated Gini coefficients for gonorrhoea, chlamydia and syphilis, and
STI, and the corresponding 95% CIs for these coefficients are shown on
the left y-axis (bars). STI positivity rates before and after PrEP are shown
on the right y-axis (black dots). ACS, Amsterdam Cohort Studies; CT,
chlamydia; GO, gonorrhoea; MSM, men who have sex with men; PrEP,
pre-exposure prophylaxis; SYPH, syphilis. Created by the authors.

common among MSM with higher risk sexual behaviour before
the introduction of PrEP, compared with chlamydia and syphilis,
which has been found in the national STI surveillance data as
well.7 However, Gini coefficients for all STIs and differences in
coefficients between different STIs found in this study were small
(ie, more homogeneous STI distribution in this study population
irrespective of risk score). This may be explained by participant
characteristics, because the ACS already includes a more high
risk MSM subpopulation.
To our knowledge, this is the first study to examine how heterogeneity in sexual behaviour and STI distribution changed in the
MSM population after the introduction of PrEP using Lorenz
curves and Gini coefficients. A strength of this study is the large
sample size and the availability of longitudinal data on sexual
behaviour, PrEP use and STI/HIV diagnoses.
There were also a few limitations. First, ACS data might not
be representative for the entire MSM population in the Netherlands, as participants are predominantly Dutch and highly
educated. Nevertheless, these characteristics are similar to the
MSM population visiting STI clinics in the Netherlands,7 which
is a key population for PrEP use. Second, the number of syphilis
diagnoses was low, which resulted in wide CIs for the estimated
Gini coefficients. Last, for 17% of all visits behavioural data was
extrapolated, which may have introduced bias. For example, STI
positivity rates were higher at visits with extrapolated behavioural data. Nonetheless, as behavioural data at the next ACS
visit is reported retrospectively (eg, number of partners in the
past 6 months), the extrapolated data may still be a good reflection of the actual behaviour, which was supported by the higher
risk scores in the extrapolated visits.
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Figure 2 Distribution of STI diagnoses among MSM with different risk
scores based on sexual behaviour among MSM participating in the ACS
between 2009 and 2019 (n=959, n visits=12 274). The width of the bars
represents the proportion of visits with a specific risk score (the legend
shows the distribution of the risk score over the population), and the
height of the bars indicates the percentage of STI diagnoses in each risk
score segment. Overall, STI positivity is given by the dashed line. ACS,
Amsterdam Cohort Studies; MSM, men who have sex with men. Created
by the authors.
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Key messages
⇒ This study quantified the distribution of STI diagnoses among

men who have sex with men (MSM) in the Netherlands
based on their sexual behaviour before and after the
introduction of pre-exposure prophylaxis (PrEP).
⇒ MSM engaged in more high-risk sexual behaviour and
gonorrhoea diagnoses increased after PrEP was introduced.
⇒ Gonorrhoea diagnoses were concentrated in high risk MSM,
and chlamydia and syphilis diagnoses have become more
concentrated in a high-risk subgroup after PrEP .
⇒ Monitoring the impact of increasing PrEP coverage on
behaviour and STI incidence is important, and improved STI
prevention is needed, especially for high-risk MSM.

gonorrhoea.7 Therefore, interventions aimed at reducing sexual
risk behaviour may be an important strategy as well. As Gini
coefficients and Lorenz curves can be used as a quantitative indicator for the impact of interventions on population level,15 future
research could use these measures to investigate the impact of
varying PrEP coverage, testing and behavioural interventions on
STI/HIV distribution in the population.
risk sexual behaviour and gonorrhoea
To conclude, high-
diagnoses increased after PrEP was introduced, and the distribution of chlamydia and syphilis diagnoses has become more
concentrated in a high-risk subgroup. Monitoring the impact of
increasing PrEP coverage on sexual behaviour and STI incidence
is of great importance, and improved STI prevention is needed,
especially for high-risk MSM.
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Our results suggested that gonorrhoea infections were more
risk subpopulation of MSM
concentrated in a specific high-
compared with chlamydia distribution, which was found in
previous studies among heterosexuals as well.17 21 Also, Gini
coefficients for syphilis among MSM are likely to be lower (ie,
more homogeneous distribution of infections) compared with
the heterosexual population17 21 22 and may be more susceptible
to changes over time compared with gonorrhoea.22 This was also
found in our study, as the Gini coefficient for syphilis increased
after the introduction of PrEP, whereas the Gini coefficient for
gonorrhoea remained stable before and after PrEP.
We found that the sexual behaviour risk score and STI positivity rates increased over time. This was consistent with other
studies exploring sexual behaviour and STI incidence in a similar
time period.23–26 In addition, even when STI positivity rates did
not increase after PrEP introduction in the total MSM population,11 27 there might be a specific group of high risk MSM
(ie, PrEP users) in which STI positivity rates do increase. This
was shown by the increased Gini coefficients for chlamydia
and syphilis after PrEP in our study. Thus, a specific high-risk
subgroup may view PrEP as the ultimate prevention measure
and increase risk behaviour, whereas others may use PrEP as a
prevention measure in addition to other measures (eg, condom
use). It should be kept in mind that an increasing trend in risk
behaviour and STI incidence was already observed before the
introduction of PrEP in 2015.12 Therefore, it is not possible to
conclude that changes after 2015 were a result of PrEP. Other
developments in HIV prevention and treatment (ie, U=U) may
have influenced sexual behaviour in the time period between
2009 and 2019 as well.28 Nonetheless, the results of this study
underline the importance of closely monitoring sexual behaviour
and STI diagnoses in both PrEP users and non-PrEP users during
the national roll-out of the PrEP programme, which started in
2019.
The methods used in this study may be valuable for the monitoring of sexual behaviour and STI diagnoses in the national
PrEP programme. We showed that even though STI positivity
rates remained stable, STI diagnoses may become more concentrated in a high-risk subpopulation. The methodology of this
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TEXT
Text S1. Definitions of behavioural variables
Steady partnerships were defined as having one or several steady or ‘committed’ relationships in the
past 6 months. Casual partners were defined as reporting to have had sex with anonymous casual
partners (e.g., one-night stand) and known casual partners (e.g., sex buddy) in the past 6 months.
Chemsex was defined as use of Gamma-Butyrolactone (GBL), Gamma-Hydroxybutyrate (GHB),
mephedrone, methamphetamine, ketamine, amphetamine, cocaine, or ecstasy (XTC) during sexual
intercourse.

Text S2. Extrapolation of missing data
Visits to the STI clinic before the next six-monthly ACS visit were common. At these extra STI visits, only
STI/HIV tests were done, and no behavioural data was collected. However, as MSM who needed an extra
STI visit were often notified by a partner or reported symptoms, STI positivity rates are expected to be
higher at these visits. As excluding these visits would result in excluding a high number of STI diagnoses
of MSM participating in the ACS, missing behavioural data at these extra STI visits were taken from the
next visit of this unique individual, given this next ACS visit with behavioural data was within 365 days
after the extra STI visit. To examine possible bias introduced by this method, we compared STI positivity
rates and mean risk scores between extrapolated visits and non-extrapolated visits. Visits with one or
more missing values of behavioural variables that could not be extrapolated (i.e., next visit after current
visit was >365 days later or no next visit) were excluded from the statistical analysis.
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FIGURES

Eligible ACS visits
N=14,787

Visits with available
behavioural data
N=13,473 (91%)

Excluded visits:
- No extrapolation
possible N=1,269
- HIV sercoconversion
N=45

Excluded visits:
- At least one missing
value
N=1,199

Complete cases (included
in multivariable model)
N=12,274 (83%)
Excluded visits:
- No visit before or no visit
after PrEP
N=1,597
At least one visit before
and after PrEP
N=10,677 (72%)

Figure S1. Flowchart of visits of MSM participating in the Amsterdam Cohort Studies between 2009 and
2019
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Table S1. Sample characteristics
N=971
N visits=13,473
Migration background1
Dutch, n (%)

667 (69)

Non-Dutch, n (%)

255 (26)

Education level2
Low/medium, n (%)

215 (22)

High, n (%)

751 (77)

Age first visit, mean (SD)

35 (10)

Age sexual debut with a man, mean (SD)

18 (4)

HIV seroconversions during follow-up
Yes, n (%)

39 (4)

No, n (%)

932 (96)

PrEP use
Yes, n (%)

232 (24)

No, n (%)

739 (76)

* At first visit
1

Migration background: Dutch = participant and both parents born in the Netherlands, and non-Dutch =

first-generation and second generation migrants from all other countries)
2

Education level at first visit: high=college degree/university, and low/medium=all others)
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Table S2. Mean risk scores, positivity rates, estimated Gini coefficients and corresponding 95%
confidence intervals for these coefficients for gonorrhoea, chlamydia, and syphilis in MSM participating
in the Amsterdam Cohort Studies between 2009 and 2019 with at least one visit before PrEP (2009-mid
2015) and at least one visit after PrEP (mid 2015-2019) (n=630, n visits=10,677)
Before PrEP (n=5,997, 56%)
Risk score, mean (SD)
0.70 (0.66)
STI diagnoses
% positive
Gini coefficient
95% CI
Gonorrhoea
3.8*
0.46
0.40-0.52
Chlamydia
4.1
0.37
0.30-0.43
Syphilis
0.6
0.37
0.19-0.52
Sexually transmitted infections
7.9*
0.39
0.35-0.44
Anal gonorrhoea
1.9*
0.52
0.44-0.59
Anal sexually transmitted infection
4.4*
0.45
0.39-0.51
After PrEP (n=4,680, 44%)
Risk score, mean (SD)
0.93 (0.80)
STI diagnoses
% positive
Gini coefficient
95% CI
Gonorrhoea
5.7*
0.46
0.40-0.52
Chlamydia
4.6
0.43
0.36-0.49
Syphilis
0.8
0.50
0.32-0.66
Sexually transmitted infections
10.0*
0.43
0.39-0.47
Anal gonorrhoea
3.2*
0.56
0.48-0.63
Anal sexually transmitted infection
5.8*
0.48
0.42-0.54
Note. Sexually transmitted infections (STI) is a variable combining all gonorrhoea, chlamydia, and
syphilis diagnoses, and anal gonorrhoea and anal STI includes diagnosed infections at the anorectal
location only (i.e., excluding diagnoses at all other anatomical locations).
The percentage positive is the percentage of all visits with a positive gonorrhoea, chlamydia, and/or
syphilis diagnosis. An asterisk represents a statistically significant (p-value <0.05) difference in positivity
rate before and after PrEP, using chi-squared tests.
Abbreviations: CI = Confidence Interval

6

van Wees DA, et al. Sex Transm Infect 2022;0:1–6. doi: 10.1136/sextrans-2021-055227

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Sex Transm Infect

Table S3. Mean risk scores, positivity rates, estimated Gini coefficients and corresponding 95%
confidence intervals for gonorrhoea and chlamydia per year in MSM participating in the Amsterdam
Cohort Studies between 2009 and 2019 (n=959, n visits=12,274)
Gonorrhoea
Chlamydia
Year (number
Risk score
%
Gini
95% CI
%
Gini
95% CI
of visits)
(mean (SD)) positive coefficient
positive coefficient
2009 (n=885)
0.63 (0.62)
4.0
0.43
0.29-0.57
4.2
0.30
0.12-0.47
2010 (n=948)
0.67 (0.65)
3.8
0.36
0.18-0.52
4.4
0.38
0.22-0.53
2011 (n=934)
0.69 (0.65)
3.8
0.33
0.16-0.48
3.9
0.45
0.27-0.62
2012 (n=977)
0.70 (0.68)
5.1
0.52
0.39-0.64
4.6
0.32
0.16-0.48
2013 (n=1,103)
0.73 (0.67)
3.0
0.44
0.27-0.60
3.0
0.31
0.14-0.47
2014 (n=1,254)
0.78 (0.70)
5.1
0.48
0.38-0.58
5.2
0.41
0.29-0.53
2015 (n=1,331)
0.86 (0.74)
4.3
0.53
0.40-0.64
4.5
0.44
0.31-0.57
2016 (n=1,378)
0.95 (0.78)
6.0
0.49
0.41-0.57
5.0
0.38
0.25-0.51
2017 (n=1,338)
0.95 (0.81)
7.2
0.32
0.20-0.42
5.0
0.38
0.27-0.49
2018 (n=1,445)
1.01 (0.81)
6.9
0.41
0.32-0.50
5.7
0.40
0.27-0.51
2019 (n=681)
0.86 (0.77)
4.4
0.49
0.29-0.66
4.6
0.60
0.49-0.72
Note. The percentage positive is the percentage of all visits in each year with a positive gonorrhoea or
chlamydia diagnosis.
Abbreviations: CI = Confidence Interval
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TEXT
Text S1. Definitions of behavioural variables
Steady partnerships were defined as having one or several steady or ‘committed’ relationships in the
past 6 months. Casual partners were defined as reporting to have had sex with anonymous casual
partners (e.g., one-night stand) and known casual partners (e.g., sex buddy) in the past 6 months.
Chemsex was defined as use of Gamma-Butyrolactone (GBL), Gamma-Hydroxybutyrate (GHB),
mephedrone, methamphetamine, ketamine, amphetamine, cocaine, or ecstasy (XTC) during sexual
intercourse.

Text S2. Extrapolation of missing data
Visits to the STI clinic before the next six-monthly ACS visit were common. At these extra STI visits, only
STI/HIV tests were done, and no behavioural data was collected. However, as MSM who needed an extra
STI visit were often notified by a partner or reported symptoms, STI positivity rates are expected to be
higher at these visits. As excluding these visits would result in excluding a high number of STI diagnoses
of MSM participating in the ACS, missing behavioural data at these extra STI visits were taken from the
next visit of this unique individual, given this next ACS visit with behavioural data was within 365 days
after the extra STI visit. To examine possible bias introduced by this method, we compared STI positivity
rates and mean risk scores between extrapolated visits and non-extrapolated visits. Visits with one or
more missing values of behavioural variables that could not be extrapolated (i.e., next visit after current
visit was >365 days later or no next visit) were excluded from the statistical analysis.
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Visits with available
behavioural data
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- No extrapolation
possible N=1,269
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N=45

Excluded visits:
- At least one missing
value
N=1,199

Complete cases (included
in multivariable model)
N=12,274 (83%)
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- No visit before or no visit
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Figure S1. Flowchart of visits of MSM participating in the Amsterdam Cohort Studies between 2009 and
2019
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Table S1. Sample characteristics
N=971
N visits=13,473
Migration background1
Dutch, n (%)

667 (69)

Non-Dutch, n (%)

255 (26)

Education level2
Low/medium, n (%)

215 (22)

High, n (%)

751 (77)

Age first visit, mean (SD)

35 (10)

Age sexual debut with a man, mean (SD)

18 (4)

HIV seroconversions during follow-up
Yes, n (%)

39 (4)

No, n (%)

932 (96)

PrEP use
Yes, n (%)

232 (24)

No, n (%)

739 (76)

* At first visit
1

Migration background: Dutch = participant and both parents born in the Netherlands, and non-Dutch =

first-generation and second generation migrants from all other countries)
2

Education level at first visit: high=college degree/university, and low/medium=all others)
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Table S2. Mean risk scores, positivity rates, estimated Gini coefficients and corresponding 95%
confidence intervals for these coefficients for gonorrhoea, chlamydia, and syphilis in MSM participating
in the Amsterdam Cohort Studies between 2009 and 2019 with at least one visit before PrEP (2009-mid
2015) and at least one visit after PrEP (mid 2015-2019) (n=630, n visits=10,677)
Before PrEP (n=5,997, 56%)
Risk score, mean (SD)
0.70 (0.66)
STI diagnoses
% positive
Gini coefficient
95% CI
Gonorrhoea
3.8*
0.46
0.40-0.52
Chlamydia
4.1
0.37
0.30-0.43
Syphilis
0.6
0.37
0.19-0.52
Sexually transmitted infections
7.9*
0.39
0.35-0.44
Anal gonorrhoea
1.9*
0.52
0.44-0.59
Anal sexually transmitted infection
4.4*
0.45
0.39-0.51
After PrEP (n=4,680, 44%)
Risk score, mean (SD)
0.93 (0.80)
STI diagnoses
% positive
Gini coefficient
95% CI
Gonorrhoea
5.7*
0.46
0.40-0.52
Chlamydia
4.6
0.43
0.36-0.49
Syphilis
0.8
0.50
0.32-0.66
Sexually transmitted infections
10.0*
0.43
0.39-0.47
Anal gonorrhoea
3.2*
0.56
0.48-0.63
Anal sexually transmitted infection
5.8*
0.48
0.42-0.54
Note. Sexually transmitted infections (STI) is a variable combining all gonorrhoea, chlamydia, and
syphilis diagnoses, and anal gonorrhoea and anal STI includes diagnosed infections at the anorectal
location only (i.e., excluding diagnoses at all other anatomical locations).
The percentage positive is the percentage of all visits with a positive gonorrhoea, chlamydia, and/or
syphilis diagnosis. An asterisk represents a statistically significant (p-value <0.05) difference in positivity
rate before and after PrEP, using chi-squared tests.
Abbreviations: CI = Confidence Interval
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Table S3. Mean risk scores, positivity rates, estimated Gini coefficients and corresponding 95%
confidence intervals for gonorrhoea and chlamydia per year in MSM participating in the Amsterdam
Cohort Studies between 2009 and 2019 (n=959, n visits=12,274)
Gonorrhoea
Chlamydia
Year (number
Risk score
%
Gini
95% CI
%
Gini
95% CI
of visits)
(mean (SD)) positive coefficient
positive coefficient
2009 (n=885)
0.63 (0.62)
4.0
0.43
0.29-0.57
4.2
0.30
0.12-0.47
2010 (n=948)
0.67 (0.65)
3.8
0.36
0.18-0.52
4.4
0.38
0.22-0.53
2011 (n=934)
0.69 (0.65)
3.8
0.33
0.16-0.48
3.9
0.45
0.27-0.62
2012 (n=977)
0.70 (0.68)
5.1
0.52
0.39-0.64
4.6
0.32
0.16-0.48
2013 (n=1,103)
0.73 (0.67)
3.0
0.44
0.27-0.60
3.0
0.31
0.14-0.47
2014 (n=1,254)
0.78 (0.70)
5.1
0.48
0.38-0.58
5.2
0.41
0.29-0.53
2015 (n=1,331)
0.86 (0.74)
4.3
0.53
0.40-0.64
4.5
0.44
0.31-0.57
2016 (n=1,378)
0.95 (0.78)
6.0
0.49
0.41-0.57
5.0
0.38
0.25-0.51
2017 (n=1,338)
0.95 (0.81)
7.2
0.32
0.20-0.42
5.0
0.38
0.27-0.49
2018 (n=1,445)
1.01 (0.81)
6.9
0.41
0.32-0.50
5.7
0.40
0.27-0.51
2019 (n=681)
0.86 (0.77)
4.4
0.49
0.29-0.66
4.6
0.60
0.49-0.72
Note. The percentage positive is the percentage of all visits in each year with a positive gonorrhoea or
chlamydia diagnosis.
Abbreviations: CI = Confidence Interval

7

van Wees DA, et al. Sex Transm Infect 2021;0:1–6. doi: 10.1136/sextrans-2021-055227

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Sex Transm Infect

van Wees DA, et al. Sex Transm Infect 2021;0:1–6. doi: 10.1136/sextrans-2021-055227

