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Original Article

In 2012, the combination of tenofovir disoproxil fuma-
rate (TDF) and emtricitabine (FTC) was approved by the 
US Food and Drug Administration (FDA) for use as  
primary prevention to reduce the risk of HIV acquisition 
in high-risk populations, so-called pre-exposure prophy-
laxis (PrEP). In 2016, the European Medicines Agency 
(EMA) recommended approval of PrEP in EU, and it has 
been officially recommended by the Danish Health 
Authorities since September 2018, as a supplement to the 
existing prevention efforts.

PrEP is a daily or on-demand regimen of antiretroviral 
agents that has demonstrated to effectively reduce the 
transmission of HIV among at-risk populations when 
high medication adherence in maintained (Fonner et al., 

2016; McCormack et al., 2016; Molina et al., 2017). 
While the preventive effect of PrEP in reducing HIV 
acquisition is a success, it has raised concerns about 
patients’ possible sexual behavioral changes, as well as 
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Abstract
Pre-exposure prophylaxis (PrEP) is a new preventive treatment for individuals at high-risk for HIV infection, such as 
men who has sex with men (MSM). Studies have confirmed the efficacy but concerns about the potential induction 
of risk compensation remains. We aimed to assess the incidence of sexually transmitted infections (STIs) after PrEP 
initiation as a proxy for sexual risk behavior.
This case-crossover study used data from medical records and from the Danish Microbiology Database from patients 
who initiated PrEP at the Region of Southern Denmark between 2017 and 2019. Poisson regression was used to 
assess STI incidence 6 months after PrEP initiation versus the 6 months before. To identify potential risk factors, we 
compared individuals with an increased STI incidence after PrEP initiation with those without, using logistic regression.
In total, 46 MSM initiated PrEP in the study period. We found a significant increase in the number of positive samples 
for STI after PrEP initiation (IRR 1.83; 95% CI [1.03, 3.26]) and a tendency for higher incidence of STI episodes (1.67; 
95% CI [0.91, 3.13]). The increase was concentrated to a group of users, but no significant correlation was found 
between increasing incidence and the baseline factors examined.
We observed a degree of risk compensation after the implementation of PrEP among MSM, clustering to a group of 
users. Our results highlight the importance of frequent STI screening among MSM on PrEP as timely diagnosis could 
contribute to an overall decrease in STI incidence and incidence among MSM.
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the potential short- and long-term side effects (Catherine 
et al., 2017; Holt & Murphy, 2017; Marcus et al., 2013, 
2016; Montaño et al., 2019). PrEP users’ behavioral 
changes may result in more risky sexual practices and 
decline in condom use, which could increase the risk of 
other sexually transmitted diseases (STIs), a phenomenon 
known as risk compensation. Various studies have inves-
tigated risk compensation after PrEP initiation, with 
mixed results (Catherine et al., 2017; Grant et al., 2014; 
Marcus et al., 2016b; Molina et al., 2017; Montaño et al., 
2019; Ramchandani & Golden, 2019; Traeger et al., 
2018). In several randomized placebo controlled double-
blinded trials, self-reported condom use and number of 
STI remained unchanged during the trial period (Fonner 
et al., 2016; McCormack et al., 2016). In open-label stud-
ies, where users knew they were receiving PrEP, an 
increase in condomless sex and STI has been reported, 
especially in later studies, possibly due to increased 
acceptance of PrEP and its efficacy preventing HIV infec-
tion over time (Traeger et al., 2018, 2019). Also, at the 
community level, one observational study reported a 
decrease in condom use paralleling the increase in PrEP 
coverage among MSM, reflecting a decrease in risk per-
ception (Holt et al., 2018).

The purpose of the present study was to describe the 
incidence of STI in the period before and after PrEP ini-
tiation in the first patients treated in the region of Southern 
Denmark.

Methods

The Department of Infectious Diseases at Odense 
University Hospital covers the region of Southern 
Denmark with a population of 1.2 million people in 2019 
and offers PrEP to people at high risk of HIV infection, 
based on an individual assessment. Before PrEP initia-
tion, subjects are evaluated to rule out medical contrain-
dications, including HIV infection. All eligible subjects 
are examined at PrEP initiation and then every 3 months 
for clinical and biochemical control, and screening for 
STI, which includes gonorrhea, chlamydia, syphilis.

Study Period

The study ran from April 2017 through August 2019. The 
individual participants were followed from 6 months 
prior to PrEP initiation until 6 months after.

Study Design

The study had a case crossover design with an intention-
to-treat analysis to assess changes in STI incidence 
between the periods before and after PrEP initiation. 
Participants served as their own control.

Study Population

We included all person ≥18 years old who were at high 
risk of acquiring HIV infection and who initiated PrEP in 
the Region of Southern Denmark. All participants initi-
ated daily PrEP.

Outcome

We assessed the incidence of chlamydia, gonorrhea, and 
syphilis during the 6 months before PrEP initiation (pre-
PrEP) compared to 6 months after (post-PrEP). 
Information on STI was gathered from patient records 
and the Danish microbiology database (MIBA).

Statistical Analyses

For all participants, we included the following baseline 
variables: age at PrEP initiation, gender, sexual orienta-
tion, steady partner, number of self-reported condomless 
anal sex contacts 12 weeks prior to PrEP initiation, drug 
and alcohol consumption, use of post-exposure prophy-
laxis (PEP) or PrEP before study inclusion, pre-study 
STI, history of viral hepatitis, hepatitis vaccination, and 
comorbidity.

We collected information on medication adherence, 
PrEP side effects, use of other drugs during the study 
period, and significant interactions between them.

For gonorrhea and chlamydia, we recorded data for all 
positive specimens/body localizations (urethral, rectal, 
pharyngeal) and STI episodes. Samples from different 
body locations but collected on the same date were con-
sidered one episode and one treatment and defined as an 
STI episode. For syphilis, we recorded incidence during 
the period, and at what stage it was diagnosed. For HIV, 
we recorded incidence at the end of the study.

Mixed-effects Poisson regression models were used to 
calculate the STI incidence in the period before and after 
PrEP initiation. Predictors in the model included the 
period variable (pre- or post-PrEP) and STI tests (e.g., 
rectal, urethral, or pharyngeal gonorrhea/chlamydia or 
syphilis) or STI episodes (gonorrhea, chlamydia, or syph-
ilis) and the interaction between these two variables. We 
calculated the incidence rate ratio (IRR) with 95% CI.

We used logistic regression to compare individuals 
with an increased incidence of STI in post-PrEP versus 
pre-PrEP, with individuals without an increase in inci-
dence of STI between these periods, to identify possible 
risk factors that could predict an increased risk. We calcu-
lated odds ratio (OR) with 95% CI.

Data analysis was performed using software Stata 
v.16.

Ethics.  All participants provided a written informed con-
sent. The Danish Data Protection Agency has granted 
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permission (19/42621). Ethics approval is not required by 
Danish legislation governing for this type of research.

Results

A total of 46 individuals started PrEP in the study period 
and were included in the study. Baseline characteristics are 
presented in Table 1. Most participants (n = 45, 97.8%) 
were MSM. The median age at PrEP initiation was 39 
years (interquartile range, IQR, 35–48). Most participants 
were 30–49 years old (69.4%), but there were nine partici-
pants (19.8%) aged ≥50 years. Half of the participants  
(n = 23, 50.0%) did not have a steady partner and 52.2% 
(n = 24) had 1–10 self-reported episodes of condomless 
anal sex in the 12 weeks before PrEP initiation. Six partici-
pants (16%) reported non-injection drug use, and one per-
son (2.2%) had been in PEP before the study. Nineteen 
participants (41.3%) had neither STI before nor after PrEP 
initiation during the study period. Fourteen (30.4%) par-
ticipants had been diagnosed with at least one STI during 
the 6 months prior to initiation of PrEP, 13 of whom were 
diagnosed with one and one participant with multiple STI. 
In the post-PrEP period, 20 participants (43.5%) were 
diagnosed with at least one STI (42% increase), 14 with a 
single case, and six with more (Table 2).

Five participants (10.9%) were already on PrEP before 
study inclusion, and five (10.9%) were only followed for 5 
months after PrEP initiation. We found similar results when 
we exclude them from the analysis (data not reported).

Twelve participants (26.1%) had concomitant comor-
bidities receiving another medication: one with ADHD, 
three with depression, three with diabetes, three with 
hypertension, one with reflux, and one with hypercholes-
terolemia (Table 1).

Only mild gastrointestinal side effects were reported 
during the study period, nausea being the most common. 
One participant reported non-adherence related to adverse 
drug reactions, while the remaining 45 participants 
(97.8%) all reported complete adherence. Among the 10 
individuals taking other medications (21.7%), no interac-
tions were found.

We observed an increased incidence of positive sam-
ples for STI of 143.5 per 100 person-years, in the post-
PrEP period, compared with 78 per 100 person-years in 
pre-PrEP period (IRR = 1.83; 95% CI [1.03, 3.26]) and 
STI episodes with an incidence of 117.4 per 100 person-
years in the post-PrEP period compared with 69.5 per 100 
person-years in the pre-PrEP period (IRR = 1.69; 95% CI 
[0.91, 3.13]; Table 3).

Table 4 illustrates the study population divided into 
two subgroups. One group consisted of participants with 
increased incidence of STI in the post-PrEP period com-
pared to the pre-PrEP period, while the other group 
included participants with no change in incidence between 

Table 1.  Demographics of Men Who Have Sex With Men 
(MSM) Initiating Pre-Exposure Prophylaxis (PrEP) in the 
Region of Southern Denmark (n = 46).

Participants, N %

Median age at PrEP 
  initiation (IQR)

39 (35–48)  

Age (years)
  <25   4 8.7
  25–29   1 2.2
  30–39 19 41.3
  40–49 13 28.3
  >= 50   9 19.6
Gender
  Men 46 100
Current steady sex partner
  Steady partner 12 26.1
  No steady partner 23 50.0
  Not informed 11 23.9
Sexual orientation
  MSM 45 97.8
  Bisexual men   1 2.2
Self-reported number of condomless anal sex
  0   1 2.2
  1–10 24 52.2
  11–20   6 13.0
  >20   3 6.5
  Not informed 12 26.1
Drug use
  Intravenous drug use   0 0 (0)
  Recreational drugs   6 13.0
Alcohol (units pr. week)
  < 7/14 16 34.8
  > 7/14   2 4.3
  Not informed 28 60.9
Post-exposure prophylaxis  
  (PEP) before study inclusion

  1 2.2

PrEP before study inclusion   5 10.9
Documented STI diagnosis before study inclusion
  Yes 20 43.5
  No 26 56.5
Previous acute viral hepatitis
  A   1 2.2
  B   1 2.2
  Not informed   9 19.6
Hepatitis vaccination before study inclusion
  A 15 32.6
  B 10 21.7
Comorbidities
  None 34 73.9
  Attention deficit hyperactivity  
    disorder (ADHD)

  1 2.2

  Depression   3 6.5
  Diabetes mellitus   3 6.5
  Arterial hypertension   3 6.5
  Gastroesophageal reflux   1 2.2
  Hypercholesterolemia   1 2.2

Note: N, number of participants; IQR, interquartile range; STI, sexually 
transmitted infections.
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the periods. These groups were compared to identify risk 
factors for increased incidence of STI. No statistically 

significant differences were found between the groups 
with the regard the baseline variables examined.

Table 2.  Number of Participants With Sexually Transmitted Infections in the Pre-PrEP and Post-PrEP Period.

N (%)
1 positive sample for 

STI (n)
>1 positive sample 

for STI (n)
1 treatment for  

STI (n)
>1 treatment 

for STI (n)

Participants without STI  
in the pre-PrEP or post-
PrEP period

19 (41.3) - - - -

Pre-PrEP period: participants 
with at least one STI

14 (30.4) 11 3 13 1

Post-PrEP period: participants 
with at least one STI

20 (43.4) 11 9 14 6

Note: STI, sexually transmitted infections; pre-PrEP, 6 months period before pre-exposure prophylaxis initiation; post-PrEP, 6 months period after 
pre-exposure prophylaxis initiation.

Table 3.  Incidence of Sexually Transmitted Infections Among Men Who Have Sex With Men (MSM) Initiating PrEP in the 
Region of Southern Denmark (n = 46).

Pre-PrEP Period Post-PrEP Period

IRR (95% CI) p value  N

Pre-PrEP 
incidence (STI per 
100 person-years) N

Post-PrEP 
incidence (STI per 
100 person-years)

Total positive STI 
samples

18 78.0 33 143.5 1.83 (1.03–3.26) .039

Total STI 
treatments

16 69.5 27 117.4 1.69 (0.91–3.13) .097

Syphilis   1   4.3   5   21.7 5.00 (0.58–42.80) .14
  Primary   0 -   3   13.0  
  Secondary   0 -   0 -  
  Latent   1   4.3   2     8.7  
Gonorrhea, 

number of 
treatments

  7 30.4 10   43.5 1.43 (0.54–3.75) .76

Gonorrhea, 
number of 
samples

  9 39.1 14   60.8 1.56 (0.67–3.59) .301

  Urethral   2   8.7   3   13.0  
  Rectal   3 13.0   4   17.4  
  Pharyngeal   4 17.4   7   30.4  
Chlamydia, 

number of 
treatments

  8 34.8 12   52.2 1.50 (0.61–3.67) .374

Chlamydia, 
number of 
samples

  8 34.8 14   60.8 1.75 (0.73–4.17) .207

  Urethral   2   8.7   1     4.3  
  Rectal   6 26.1 11   47.8  
  Pharyngeal   0 -   2     8.7  

Note: STI, sexually transmitted infections; PrEP, pre-exposure prophylaxis; pre-PrEP, 6 months period before pre-exposure prophylaxis initiation; 
post-PrEP, 6 months period after pre-exposure prophylaxis initiation; IRR, incidence rate ratio; CI, confidence interval; N, number of participants.
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Discussion

In our study, we identified PrEP use to be associated with an 
increase in the number of patients diagnosed with STI and 
STI diagnoses. STIs were concentrated in a subgroup of 
PrEP users, with a risk of re-infection. There was a trend 
toward an increasing incidence of gonorrhea, chlamydia, 
and syphilis after PrEP start, when examined individually, 
however, without achieving statistical significance. Overall, 
these findings suggest that PrEP start was associated with a 
change in risk behavior in a subgroup of patients.

Previous studies have identified that rectal STI may be 
a marker of condomless anal sex with a consequent 
greater risk of HIV infection (Varghese et al., 2001; 
Vitinghoff et al., 1999). In our study, we observed an 83% 
increase in the incidence of positive rectal samples for 
chlamydia in the post-PrEP period, which could indicate 
increasing activity of condomless receptive anal sex after 
initiation of PrEP. We also observed a 56% increase in the 
incidence of gonorrhea positive samples. With regard to 
syphilis, we observed a five-fold increased incidence, but 
the absolute numbers are small. All cases were diagnosed 
at an early stage. The transmission of syphilis can occur 
despite condom use, as the syphilis chancres are formed 
not only on the genitals but also on other areas of the 
body (rectum, lips, mouth) that are not necessarily pro-
tected by the use of a condom.

Results from randomized placebo-controlled double-
blind studies, failing to detect an increase in condomless 
sex or STI, should be interpreted with caution, as risk com-
pensation relies on the idea that knowledge of being on 
preventive treatment reduces the individual perception of 
risk. An increase in condomless sex and STI has been 
described in several open-label studies, where users knew 
that they were on PrEP. A recent meta-analysis reported 
that PrEP use was associated with an increased incidence 
of STI (OR 1.24; 95% CI [0.99, 1.54]) and especially rectal 
chlamydia (OR 1.59; 95% CI [1.19, 2.13]). This associa-
tion was stronger in more recent studies and in studies with 
longer follow-up, which could reflect an increasing confi-
dence among PrEP users in PrEP efficacy and a more 
widespread use of PrEP among at-risk populations and 
with that, a lower perception of risk (Traeger et al., 2018). 
A cohort study of 211 MSM in Los Angeles also identified 
an increase in the incidence of rectal chlamydia (RR 1.83; 
95% CI [1.13, 2.98]) and syphilis (RR 2.97; 95% CI [1.23, 
7.18]) after PrEP initiation (Beymer et al., 2018). Our find-
ings are in line with these studies, suggesting a degree of 
risk compensation among subjects after initiating PrEP in a 
real-world setting. Furthermore, there is some degree of 
evidence of community-level risk compensation as PrEP 
use is more widespread among MSM (Holt et al., 2018)

Risk compensation might be clustering in subgroup of 
users with certain risk factors. In this study, we were 

Table 4.  Comparison of Baseline Characteristics Between Participants With an Increase in Sexually Transmitted Infections’ 
Incidence After PrEP Initiation and Those Without.

Participants With Increased 
Incidence of STI in Post-PrEP 

Compared With Pre-PrEP 
Period

n = 15 (32.6%)

Participants Without 
Increased Incidence of STI in 
Post-PrEP Compared With 

Pre-PrEP Period
n = 31 (67,4%) OR (95% CI) p value

Median age at PrEP initiation 
(IQR)

43 (31–51) 39 (35–44) 1.00 (0.96–1.04) .969

Intravenous drug use 0 0 - -
Recreational drug use 3 (50%) 3 (50%) 2.33 (0.41–13.3) .339
PrEP before study  

inclusion
3 (60%) 2 (40%) 3.62 (0.54–24.5) .187

PEP before study  
inclusion

0 (0%) 1 (100%) - -

Current steady partner 5 (41.7%) 7 (58.3%) 1.71 (0.44–6.71) .439
Alcohol overconsumption 2 (100%) 0 - -
STI before study inclusion 6 (30%) 14 (70%) 0.81 (0.23–2.83) .741
Condomless sexual  

contact >10 in the last 12 
weeks

7 (33.3%) 14 (66.7%) 1.21 (0.34–4.30) .763

Note. STI, sexually transmitted infections; PrEP, pre-exposure prophylaxis; pre-PrEP, 6 months period before pre-exposure prophylaxis initiation; 
post-PrEP, 6 months period after pre-exposure prophylaxis initiation; OR, odds ratio; CI, confidence interval; N, number of participants; IQR, 
interquartile range.
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unable to identify specific risk factors for increasing STI 
incidence compared to persons with no increase in STI 
following PrEP start, based on the baseline variables col-
lected. Other studies have reported that younger age, 
chem sex, multiple partners, and group sex are associated 
with more frequent unprotected anal sex and thus a higher 
risk for STIs (Drückler et al., 2018; Hoornenborg et al., 
2018). However, more frequent screening among PrEP 
users could in itself also contribute to the observed 
increased incidence (Chow et al., 2017; Cornelisse et al., 
2017; Ramchandani & Golden, 2019).

In general, PrEP was well tolerated, and only 9% of 
study participants experienced mild and self-limiting gas-
trointestinal side effects, primarily during the first month 
after initiation. We found no evidence of increased serum 
creatinine during the study period, but the follow-up time 
was very short.

No participant was infected with HIV during the study 
period. The studies IPrEx and Ipergay have reported that 
HIV effectiveness is directly linked to a constant level of 
medication in the blood (Grant et al., 2014; Molina et al., 
2017). Taking 4–7 tablets of TDF-FTC per week was 
associated with a 100% reduction in HIV incidence 
among MSM PrEP users (95% CI [86, 100%]) (Grant  
et al., 2014).

Our study has a few limitations. The sample size was 
small with the risk of type II error and thus less strength 
to detect any difference in incidence between periods. In 
particular, the number of patients in the sub-analyses 
(STI subgroups) became very small, and the study did not 
have the strength to draw reliable conclusions in these 
subgroups.

We looked at two periods of 6 months. A longer obser-
vation period could potentially have increased the valid-
ity of the study in terms of a more accurate measurement 
of the number of STIs as a proxy for risk behavior. In the 
post-PrEP period, we measured incident cases and par-
ticipants were routinely screened every 3 months. In the 
pre-PrEP period, prevalent cases were recorded, and par-
ticipants were screened in case of symptoms or risk of 
infection as well as at the onset of PrEP, and screening 
frequency in the two periods were thus not the same. 
Confounding due to different STI testing frequency dur-
ing the two periods cannot be excluded. Furthermore, we 
have interpreted STIs as a surrogate marker for behav-
ioral changes and risk compensation among MSM initiat-
ing PrEP. We cannot rule out that the increase observed in 
STIs was as least partially due to a wider community-
level risk compensation among MSM, as PrEP availabil-
ity becomes more widespread, and as such not related to 
behavioral changes for the individual.

With the low number of participants, our case-cross-
over design is a strength, given that participants acted as 

their own control. Besides, we included all the individu-
als starting PrEP in our Region during the study period.

This study is a small real-world case-crossover study, 
where 46 MSM were followed during the first 6 months 
after PrEP initiation in the Region of Southern Denmark. 
We observed a clustering of STIs in a subgroup of 
patients as well as a statistically significant 83% increase 
in the total number of positive STI samples after PrEP 
initiation, suggesting a degree of risk compensation. 
When looking at the number of STI treatments, we also 
found a numerical increase of 69%, however, without 
achieving statistical significance. These results support 
the importance of frequent STI screening among MSM 
on PrEP, as timely diagnosis could contribute to an 
overall decrease in STI incidence and incidence among 
MSM. We did not identify specific risk factors for 
increased incidence of STI, but the number of partici-
pants was low. Further studies will be needed to better 
describe PrEP in clinical practice, confirm the associa-
tion with STI, as well as elucidate risk factors in order to 
identify individuals with higher STI risk to provide bet-
ter preventive efforts.
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