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ABSTRACT
Objectives  Doxycycline as post-exposure prophylaxis 
(doxy-PEP) has emerged as an efficacious strategy to 
reduce Chlamydia trachomatis (C. trachomatis), Neisseria 
gonorrhoeae (N. gonorrhoeae) and syphilis (sexually 
transmitted infections (STIs)) among gay, bisexual and 
other men who have sex with men (GBM). There is a need 
to identify prescribing criteria that maximise the number of 
STIs averted while minimising excessive use.
Design  In this prospective longitudinal cohort study with 
repeated measures and biobehavioural data collection, 
participants completed a questionnaire and tested for STIs 
at each visit.
Setting  Community-based, population-level study 
conducted in three large Canadian cities between February 
2017 and July 2023.
Participants  2449 GBM were recruited through 
respondent-driven sampling (RDS); 1998 had ≥1 follow-
up visit, contributing 7551 person-years of observation. 
Eligible participants were aged ≥16 years, cis- or 
transgender men, reported sex with another man in 
the past 6 months and resided in Montreal, Toronto or 
Vancouver.
Primary and secondary outcome measures  Adjusted 
rate ratios (aRR) of STIs, accounting for RDS recruitment, 
loss to follow-up and confounding were estimated 
using generalised estimating equations (GEE) Poisson 
regression. For identified STI risk factors, the proportions 
of STIs averted through doxy-PEP prescription (based on 
the efficacy of doxy-PEP for each bacterial STI) and the 
number needed to treat (NNT) for 1 year to avert one STI, 
assuming 100% adherence, were calculated.
Results  Among 1998 participants, the combined 
incidence rate of any C. trachomatis, N. gonorrhoeae and 
syphilis infection was 29.5 (95%CI 27.3 to 31.9) per 100 

person-years. STI risk factors that had the most impact as 
doxy-PEP criteria were history of any of the three STIs in 
the past 12 months (P12M) (aRR=2.0, 95% CI 1.8 to 2.2, 
36% STI averted, NNT=2.1); ≥10 male sexual partners 
in the past 6 months (P6M) (aRR=3.8, 95% CI 3.0 to 4.9, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Repeated and detailed behavioural and biologi-
cal measures were collected over 6 years among 
a large, diverse, community-based cohort of gay, 
bisexual and other men who have sex with men 
recruited using respondent-driven sampling (RDS).

	⇒ Outcomes included both laboratory-confirmed and 
self-reported chlamydia and gonorrhoea infections. 
As such, considering sexually transmitted infection 
(STI) events occurring between study visits may 
have given a better sense for the true frequency 
of these events. First syphilis infections or reinfec-
tions were ascertained based on serial serology and 
treatment history.

	⇒ Adjustment for recruitment method, loss to follow-
up and within-subject correlation from repeated 
measures was applied using RDS-II weights, inverse 
probability of censoring weights and generalised 
estimating equation regression, respectively, which 
helped limit related biases.

	⇒ The number of infections averted, and therefore the 
number needed to treat, are contingent on the STI 
rates and levels of doxycycline-resistant Neisseria 
gonorrhoeae in a given community, thereby affect-
ing generalisability to other settings.

	⇒ Finally, participation in the cohort may have influ-
enced prevention behaviours leading to an underes-
timation of the true STI incidence in the community.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 Ju

n
e 2, 2026

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 M

ay 2026. 
10.1136/b

m
jo

p
en

-2025-111357 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://bmjopen.bmj.com/
https://orcid.org/0000-0002-1808-8253
https://orcid.org/0000-0003-1078-9247
https://orcid.org/0000-0002-6336-8780
https://orcid.org/0000-0002-8039-6513
https://doi.org/10.1136/bmjopen-2025-111357
https://doi.org/10.1136/bmjopen-2025-111357
https://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2025-111357&domain=pdf&date_stamp=2026-05-25
http://bmjopen.bmj.com/


2 Lambert G, et al. BMJ Open 2026;16:e111357. doi:10.1136/bmjopen-2025-111357

Open access�

41% STI averted, NNT=2.4); HIV-pre-exposure prophylaxis (PrEP) use 
P6M (aRR=1.7, 95% CI 1.5 to 2.0, 29% STI averted, NNT=2.5); use of any 
chemsex-related substance P6M (aRR=1.2, 95% CI 1.1 to 1.4, 28% STI 
averted, NNT=2.6); and group sex event attendance P6M (aRR=1.2, 95% 
CI 1.1 to 1.3, 27% STI averted, NNT=2.3). Reporting≥10 male sex partners 
P6M represented the most useful criterion for syphilis prevention (52% 
syphilis infections averted, NNT=20). Prescribing doxy-PEP to GBM having 
any of the following STI risk factors, namely, ≥1 bacterial STI P12M, 
≥10 male sex partners P6M, or HIV-PrEP use P6M, would substantially 
increase the proportion of all STI diagnoses potentially averted (60%) with 
minimal increase of the NNT (2.7).
Conclusion  This work informs on the impact of various doxy-PEP clinical 
prescribing criteria and demonstrates the benefit of focusing on any of the 
following three criteria: ≥1 bacterial STI P12M, ≥10 male sex partners P6M 
or HIV-PrEP use P6M.

INTRODUCTION
Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG) and 
syphilis, hereinafter referred to as sexually transmitted 
infections (STIs), may have severe health consequences1 
and increase the risk of HIV infection.2 Between 2010 and 
2019, the rates of reported CT, NG and infectious syph-
ilis among men in Canada increased by 63%, 229% and 
195% respectively; gay, bisexual men and other men who 
have sex with men (GBM) represented 41% of male infec-
tious syphilis cases.3 Current prevalence estimates of these 
infections in GBM populations are obtained mainly from 
clinics specialising in sexual health and care of sexually 
transmitted and blood-borne infection (STBBI); these 
data may overrepresent persons who engage in at-risk 
sexual behaviours or have better access to health services.

Many factors increase the risks of STIs.4 5 Examining 
such factors using updated and context-specific data 
could help inform prevention strategies, such as the use of 
doxycycline post-exposure prophylaxis (doxy-PEP). Large 
randomised controlled trials among GBM and trans-
gender women have shown that doxycycline taken within 
72 hours after condomless oral or anal sex reduces syph-
ilis and chlamydia infections by approximately 75% and 
gonococcal infections by approximately 50%.6 7 However, 
prescribing doxy-PEP is complicated by concerns about 
potential harms of widespread use, notably antimicrobial 
resistance.8 Thus, prescribing criteria that maximise the 
impact on STI occurrence while minimising excessive use 
must be identified. Furthermore, doxy-PEP adherence is 
expected to be influenced by perceptions of STI serious-
ness and acquisition risk.9

The study’s objectives were to (1) estimate trends 
in the incidence rates of STIs between 2017 and 2023, 
(2) provide an updated portrait of STI risk factors, (3) 
evaluate the impact of doxy-PEP using hypothetical 
prescribing scenarios and (4) explore perceived serious-
ness and risk of STI among participants meeting potential 
doxy-PEP criteria. To do so, data from GBM who partici-
pated in a population-based biobehavioural cohort study 
in Montreal, Toronto, and Vancouver, Canada’s three 
largest cities were analysed.

METHODS
Participant recruitment and data collection
Individuals eligible for participation in the Engage 
Cohort Study were French or English-speaking, cis- or 
transgender men, aged ≥16 years, who reported sex with 
at least one man in the 6 months prior to the study visit 
and who resided in Montreal, Toronto or Vancouver. 
Respondent-driven sampling (RDS), an adapted form of 
chain referral, was employed for participant recruitment.10

After the baseline study visit (2017–2019; all sites), 
participants returned every 6–12 months for follow-up 
visits (the first follow-up visit was at 12 months in Montreal 
and Toronto). The present analysis considers the first visit 
and all subsequent visits, up to February 2023. At each visit, 
participants completed a questionnaire using computer-
assisted self-interviewing and underwent screening for 
STBBI. Details on how variables were defined and opera-
tionalised are found in online supplemental file 1.

Outcomes and other variables of interest
Prospective events of CT, NG and syphilis infections 
were ascertained. For CT and NG outcomes, laboratory-
confirmed infections detected at study visits were 
counted, as well as self-reported diagnoses received from 
a doctor/nurse in the 6 months preceding the study visit. 
To avoid double-counting, self-reported diagnoses of CT 
or NG at a visit occurring <6 months after a study visit 
during which a positive laboratory result was obtained 
were excluded. Concurrent positive results for the same 
pathogen detected at multiple anatomical sites were 
considered a single infection. For syphilis, only laboratory-
confirmed infections detected at study visits were consid-
ered because first infections or reinfections occurring 
between study visits could be ascertained based on serial 
serology results and treatment history. Perceived serious-
ness and risks of CT, NG and syphilis were measured with 
responses dichotomised as serious/somewhat serious 
versus neutral/somewhat not serious/not serious.

Based on literature and expert knowledge, potential STI 
risk factors were selected among the following categories: 
socio-demographic characteristics, sexual behaviours, 
contexts for finding sexual partners, substance use, 
mental health and STBBI prevention and history. Poten-
tial criteria for prescribing doxy-PEP were selected from 
the STI risk factors identified empirically within this study.

Statistical analysis
RDS recruitment often over-represents individuals who 
are more visible and socially connected within the target 
population.10 To address this selection bias, modified 
RDS-II weights were calculated by inverting each partic-
ipant’s likelihood of inclusion in the sample, which was 
imputed using self-reported network size, number of 
participants recruited and the time taken to recruit each 
of them.11

To consider the COVID-19 pandemic, the study was divided 
into pre-pandemic (February 2017–2020), pandemic (March 
2020 to August 2021) and restriction easing (September 2021 
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to January 2023) periods. The dates were based on the start 
of the study, declaration of the pandemic by the WHO12 and 
easing of entry requirements for non-essential travel into 
Canada.13 Participants with no follow-up visit during a period 
were considered lost to follow-up (LTFU) for that period. For 
each period, inverse-probability-of-censoring (IPC) weights 
were calculated using baseline covariates to reduce covariate 
imbalance between LTFU participants and those retained. 
RDS and IPC weights were combined and applied to all 
regression models.

Incidence rates of STIs and rate ratios (RR) of STIs for 
selected risk factors were estimated using generalised esti-
mating equation (GEE) Poisson regression with an offset for 
time contribution. Robust standard errors clustered by indi-
viduals were used to account for within-subject correlation 
between visits. Incidence rates were calculated by city and 
period. RRs were assumed to be constant across cities, and 
the models were adjusted for city-specific incidence of STI. 
A multivariable GEE Poisson model estimated the associa-
tion between the rate of all STIs (sum of all events) and the 
risk factors in the past 6 months (P6M) as well as STI history 
in the past 12 months (P12M) to compare rates across vari-
ables while accounting for potential socio-demographic and 
psychological confounders.14

The impacts of various hypothetical doxy-PEP prescribing 
scenarios were evaluated. In doing so, adherence of 100% 
was assumed; that is, at each visit, participants who met the 
specified criteria were considered to have taken doxy-PEP 
within 72 hours of every episode of condomless oral or anal 

sex until their subsequent visit. Across all study periods, 
the total number of STI events among participants using 
doxy-PEP were reduced by doxy-PEP clinical trial efficacy esti-
mates. This enabled consideration of the varying efficacies 
of doxy-PEP for each bacterial STI. Specifically, 74%–88% 
for CT, 55%–57% for NG and 77%–87% for syphilis (online 
supplemental file 2). Finally, for each criterion, the number 
needed to treat (NNT) with doxy-PEP for 1 year to avert 
one STI diagnosis was calculated by dividing the number of 
participants on doxy-PEP over time (expressed in PY) by the 
number of STI diagnoses averted among all participants.

Sample proportions of perceived seriousness and perceived 
risk of acquisition of each STI were calculated. Associations 
between selected doxy-PEP criteria and each of these two 
perceptions were estimated using a series of multivariate GEE 
Poisson regressions adjusted for potential confounders.

Analyses were performed using R v4.1.2 (R Core Team, 
2021).

Patient and public involvement
The Engage study collaborated with community 
engagement committees (CECs) in each respective city 
throughout the duration of the project. CECs consisted of 
members of the local gay, bisexual and queer communi-
ties. CEC members were consulted regularly for feedback 
and input on all stages of the Engage study: questionnaire 
development, participant recruitment, study visits, data 
analysis, results publication and dissemination, as well as 
knowledge transfer and exchange.

Table 1  Incidence rates of STIs by city and period in the Engage Cohort Study (2017–2023)

C. trachomatis (CT) N. gonorrhoeae (NG)
Syphilis (first infection or 
reinfection)

Sum of all 
STI events

95% CI
Rate* (per 
100 PY) 95% CI

Rate* (per 
100 PY) 95% CI

Rate* (per 
100 PY) 95% CI

Rate* (per 
100 PY)

Montreal, by period

 � 02/2017 – 02/2020 14.4 12.4 to 16.7 17.1 14.9 to 19.6 2.8 2.1 to 3.7 34.3 30.4 to 38.7

 � 03/2020 – 08/2021 9.2 7.4 to 11.3 9.9 8.0 to 12.3 1.9 1.3 to 2.9 21.0 17.6 to 25.1

 � 09/2021 – 02/2023 10.3 8.1 to 13.1 13.5 11.0 to 16.7 1.7 1.1 to 2.8 25.6 21.1 to 31.1

Montreal, all periods

 � 02/2017 – 02/2023 12.0 10.4 to 13.7 14.2 12.5 to 16.0 2.3 1.8 to 2.8 28.4 25.3 to 31.9

Toronto, by period

 � 02/2017 – 02/2020 22.3 18.2 to 27.3 18.1 14.3 to 22.8 7.8 5.6 to 10.8 48.1 40.7 to 56.9

 � 03/2020 – 08/2021 11.1 8.0 to 15.3 7.4 4.9 to 11.1 2.9 1.7 to 5.0 21.4 16.0 to 28.6

 � 09/2021 – 02/2023 14.4 10.7 to 19.4 11.6 8.6 to 15.7 3.8 2.3 to 6.3 29.8 23.8 to 37.4

Toronto, all periods

 � 02/2017 – 02/2023 15.7 13.2 to 18.7 12.2 9.9 to 14.9 4.5 3.6 to 5.8 32.4 27.8 to 37.7

Vancouver, by period

 � 02/2017 – 02/2020 23.5 19.8 to 27.9 22.5 19.0 to 26.7 3.5 2.3 to 5.2 49.5 43.1 to 56.9

 � 03/2020 – 08/2021 9.0 6.7 to 12.0 8.0 5.8 to 11.1 3.5 2.3 to 5.5 20.5 16.3 to 25.9

 � 09/2021 – 02/2023 12.8 9.4 to 17.3 12.7 9.6 to 16.8 2.6 1.5 to 4.7 28.1 22.0 to 35.8

Vancouver, all periods

 � 02/2017 – 02/2023 15.6 13.5 to 18.1 14.8 12.8 to 17.2 3.2 2.5 to 4.1 33.6 29.6 to 38.1

*Weighted with RDS weights and IPC weights to account for recruitment and loss-to-follow-up.
IPC, inverse probability of censoring; PY, person-years; RDS, respondent-driven sampling.
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RESULTS
Overall, 11 569 visits were recorded (2449 at baseline and 
9120 during follow-up). The median time between two 
consecutive visits was 7.5 (IQR 6.1–12.1) months.

Participant characteristics at baseline
Among participants recruited at baseline, 37% were ≤29 
years old, 53% identified as French or English Canadian, 
15% had immigrated to Canada in the last 5 years, 49% 
completed a university-level education, 82% identified as 
gay, 1.2% identified as trans men and 55% were single 
without a current main partner. Lifetime and P12M 
self-reported prevalence of an STI were 55% and 26%, 

respectively. Laboratory-confirmed HIV infection was 
detected among 18% of participants (online supple-
mental file 3).

Incidence rates of sexually transmitted infections
During the total time of observation, 1998 participants 
had ≥1 follow-up visit, corresponding to 7551 PY (mean, 
3.8 PY; median, 4.2 PY). The total number of STI events 
detected or self-reported at follow-up was 2317. For CT, 
332 infections were detected, and 705 were self-reported; 
for NG, 308 infections were detected, and 749 were self-
reported; and for syphilis, 223 infections were ascer-
tained. Overall, 8.4% and 40.9% of detected CT and NG 

Table 2  Risk factors independently associated with the rate of all STIs (sum of all events) in the Engage Cohort Study (2017–
2023)

aRR* 95% CI

Number of male sex partners† P6M

≤ 1 Ref

2 to 4 2.0 1.6 to 2.6

5 to 9 2.8 2.2 to 3.7

≥ 10 3.8 3.0 to 4.9

Number of prior STI events (in the 12 months preceding the outcome assessment)

0 Ref

1 1.7 1.5 to 2.0

≥ 2 2.5 2.2 to 2.9

Living with HIV infection HIV-PrEP use P6M

No No Ref

Yes 1.7 1.5 to 2.0

Yes 1.8 1.5 to 2.1

Condomless anal sex P6M

No Ref

Yes 1.5 1.2 to 1.9

Any use of a chemsex-related substance‡ P6M

No Ref

Yes 1.2 1.1 to 1.4

Attendance at a group sex event P6M

No Ref

Yes 1.2 1.1 to 1.3

Injection drug use P6M

No Ref

Yes 1.2 1.0 to 1.5

Sexual compulsivity score P6M

< 2.4 (at lower risk of sexual compulsivity) Ref

≥ 2.4 (at higher risk of sexual compulsivity) 1.1 1.0 to 1.3

Daily use of an internet-based application to connect with men P6M

No Ref

Yes 1.1 1.0 to 1.3

*aRR were estimated by generalised estimating equation Poisson regression with robust standard errors and PY as an offset. The model was weighted to account 
for respondent-driven sampling recruitment and loss to follow-up and adjusted for the following potential confounders: age, education level, sexual orientation, 
financial strain, annual income, city, arrival in Canada <5 years ago and COVID-19 pandemic period.
†Number based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/
vaginal, etc.)?
‡Substances commonly related to chemsex that are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.
aRR, adjusted rate ratio; GHB, gamma-hydroxybutyrate; P6M, in the past 6 months; P12M, in the past 12 months.
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Table 3  Estimated impact of doxy-PEP on C. trachomatis, N. gonorrhoea and syphilis (first/reinfection) diagnoses and 
numbers needed to treat in the Engage Cohort Study (2017–2023)

doxy-PEP use 
(% of total 
PY)

C. trachomatis
(CT) N. gonorrhoeae (NG)

Syphilis (new/
reinfection) All STIs

Infections 
averted (%)

NNT for 1 
year

Infections 
averted (%)

NNT for 1 
year

Infections 
averted (%)

NNT for 1 
year

Infections 
averted (%)

NNT for 1 
year

No criterion

 � All participants are 
assumed to have 
used doxy-PEP 
for the entire study 
period

100.0 81.3 9.0 55.5 12.9 80.7 41.9 69.5 4.7

One criterion

 � Condomless anal 
sex* P6M

68.6 72.7 6.9 48.9 10.0 71.3 32.6 61.7 3.6

 � ≥5 male sex 
partners† P6M

48.5 62.7 5.6 42.6 8.1 61.9 26.5 53.4 3.0

 � ≥10 male sex 
partners† P6M

30.7 47.3 4.7 32.8 6.7 51.6 20.2 41.1 2.4

 � ≥1 STI P12M 22.5 43.1 3.9 29.8 5.4 36.7 23.6 36.4 2.1

 � Daily use of an 
internet-based 
application to 
connect with men 
P6M

33.4 42.3 5.7 27.2 8.8 40.8 27.7 35.3 3.1

 � HIV-PrEP use P6M 22.6 36.9 4.4 21.9 7.3 29.6 25.8 29.4 2.5

 � Any use of a 
chemsex-related 
substance‡ P6M

22.0 29.9 5.4 23.2 6.7 37.3 20.0 27.5 2.6

 � Attendance at a 
group sex event P6M

19.5 32.8 4.3 20.7 6.7 33.0 20.1 27.3 2.3

 � ≥1 NG infection 
P12M

13.6 26.7 3.7 21.7 4.5 23.3 19.8 24.1 1.8

 � ≥1 CT infection P12M 13.0 29.8 3.2 18.0 5.2 24.7 17.8 23.9 1.8

 � Living with HIV 
infection (at the 
study visit)

18.7 17.1 8.0 14.2 9.4 30.5 20.7 17.0 3.6

 � ≥2 STIs P12M 8.1 22.0 2.7 15.1 3.8 20.9 15.0 18.7 1.4

 � ≥2 STIs other than 
syphilis P12M

6.8 19.3 2.5 13.0 3.7 15.2 15.0 16.0 1.4

 � Injection drug use 
P6M

4.3 5.5 5.7 4.7 6.5 9.9 14.8 5.6 2.5

 � ≥1 syphilis (first 
infection or 
reinfection P12M)

3.0 4.8 4.6 3.2 6.7 3.6 28.6 4.0 2.5

Two criteria

 � ≥1 STI P12M 
or≥5 male sex 
partners P6M

59.4 71.6 5.6 49.1 8.1 69.2 27.3 61.1 3.0

 � ≥1 STI P12M or 
≥10 male sex 
partners P6M

46.1 65.4 4.8 44.1 6.8 64.3 22.5 55.5 2.5

 � ≥1 STI P12M or HIV-
PrEP use P6M

41.7 64.4 4.6 42.0 6.8 57.1 25.3 53.4 2.5

 � ≥1 STI P12M or any 
use of a chemsex-
related substance 
P6M

41.3 57.4 5.0 40.8 6.7 59.9 23.1 49.9 2.6

 � HIV-PrEP use P6M 
or living with HIV (at 
the study visit)

41.2 54.0 5.6 36.1 8.1 59.6 23.4 46.4 2.9

Continued
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infections, respectively, were detected at the pharynx 
only. Between 2017 and 2023, CT infection incidence 
ranged from 12.0 to 15.7|100 PY by city, and NG infec-
tion incidence was comparable at 11.6–14.8|100 PY by 
city. Syphilis incidence was the lowest, ranging from 2.3 
to 4.5 infections per 100 PY by city (table 1). Compared 
with Montreal, the overall STI rate was similar in Toronto 
(RR=1.1; 95% CI 0.9 to 1.4) and higher in Vancouver 
(RR=1.2; 95% CI 1.0 to 1.4). Pooled across cities, the 
overall STI rate was 29.5|100 PY (27.3–31.9). Compared 
with the pre-pandemic period, it was lower during the 
pandemic (RR=0.5; 95% CI 0.4 to 0.6) and restriction 
easing (RR=0.7; 95% CI 0.6 to 0.8) periods. However, the 
overall STI rate was higher during the restriction easing 
period compared to the pandemic period (RR=1.3; 95% 
CI 1.1 to 1.7).

Factors associated with sexually transmitted infections
Univariable regression analyses (online supplemental file 
4) showed that most risk factors for CT, NG and syphilis 
were shared and yielded similar RR. For example, the RRs 
for HIV-pre-exposure prophylaxis (PrEP) users were 4.3 
(95% CI 3.6 to 5.2), 3.7 (95% CI 3.1 to 4.4) and 4.1 (95% CI 
2.8 to 6.0) for CT, NG and syphilis, respectively. However, 
the following factors showed a higher RR for syphilis than 
for CT or NG: living with HIV infection, use of crystal 
methamphetamine, use of gamma-hydroxybutyrate 
(GHB), having sex with a partner living with HIV infec-
tion, providing or receiving transactional sex and injec-
tion drug use. The following factors were associated with 
all STI events in univariable regression analyses, but were 
not retained in the multivariable regression model: not 
having a main partner, sextoy sharing, giving or receiving 
rimming, transactional sex, attendance at a bathhouse/

sex club, alcohol use disorder, hazardous cannabis use, 
cocaine/crack use, harassment-discrimination score ≥2, 
childhood sexual abuse, lifetime sexual coercion and 
arrival in Canada <5 years ago from a country other than 
the USA or Western Europe.

Multivariable regression analysis showed that the rate of 
all STIs was most strongly associated with having multiple 
male sex partners in the P6M and a history of ≥1 STI in 
the P12M (aRR=2.0, 95% CI 1.8 to 2.2). The regression 
model was adjusted for several potential confounders, 
including age, education level, sexual orientation, finan-
cial strain, annual income, city, recent arrival in Canada 
(<5 years) and the COVID-19 pandemic period. Other 
statistically significant factors included living with HIV 
and the following factors P6M: PrEP use, condomless 
anal sex, use of a chemsex-related substance, injection 
drug use, attendance at group sex events, daily use of an 
internet application to connect with men and a sexual 
compulsivity score ≥2.4 (table 2).

Estimated impact of doxycycline post-exposure prophylaxis 
on sexually transmitted infections
Table  3 shows, for various potential doxycycline 
prescribing criteria, the doxy-PEP use (expressed in % 
of total PY during which the participants were assumed 
to have been using doxy-PEP), proportion of STI diag-
noses averted among all participants across the three 
study periods and NNT for 1 year. Criteria are listed in 
descending order of relative reduction in the proportion 
of all STI diagnoses averted.

Prescribing doxy-PEP to 100% of GBM (no criterion 
applied) would avert: 81% of CT diagnoses (NNT=9.0), 
55% of NG diagnoses (NNT=12.9), 81% of syphilis diag-
noses (NNT=41.9) and 69.5% of all three STI diagnoses 

doxy-PEP use 
(% of total 
PY)

C. trachomatis
(CT) N. gonorrhoeae (NG)

Syphilis (new/
reinfection) All STIs

Infections 
averted (%)

NNT for 1 
year

Infections 
averted (%)

NNT for 1 
year

Infections 
averted (%)

NNT for 1 
year

Infections 
averted (%)

NNT for 1 
year

 � ≥1 STI P12M or living 
with HIV (at the study 
visit)

40.3 51.1 5.7 36.7 7.7 59.2 22.5 45.3 2.9

Three criteria

 � ≥1 STI P12M or HIV-
PrEP use P6M

 � or ≥10 male sex 
partners P6M

54.8 71.3 5.2 47.7 7.5 68.0 25.1 60.1 2.7

 � ≥1 STI P12M or HIV-
PrEP use P6M or 
living with HIV

57.3 69.9 5.7 47.3 8.2 72.7 24.1 59.9 2.9

 � ≥1 STI P12M and: 
HIV-PrEP use P6M 
or living with HIV

12.3 29.4 3.2 19.9 4.6 24.4 21.0 24.6 1.8

*Not selected as potential doxy-PEP eligibility criteria (along with sexual compulsivity, table 2) due to being less practical for implementation.
†Number based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/
vaginal, etc.)?
‡Substances commonly related to chemsex which are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.
doxy-PEP, doxycycline post-exposure prophylaxis; GHB, gamma-hydroxybutyrate; HIV-PrEP, HIV pre-exposure prophylaxis; NNT, number needed to treat; P6M, in 
the past 6 months; P12M, in the past 12 months; STI, sexually transmitted infection (chlamydia, gonorrhoea and/or syphilis).

Table 3  Continued
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(NNT=4.7). As criteria become more restrictive, the esti-
mated proportions of people prescribed doxy-PEP and 
the estimated proportions of STI diagnoses averted are 
more limited. Whichever criterion is used, the NNT esti-
mate is much higher for a case of syphilis averted (range, 
15 to 33) than for a case of CT or NG averted (range, 3 
to 9).

The scenario using the criterion ‘history of ≥1 STI P12M’ 
would result in 23% of participants’ PY on doxy-PEP use, 
36% of all STI diagnoses being averted and an NNT of 
2.1. The criteria ‘CT history’ and ‘NG history’ would 
have similar effects on the proportions of all STIs averted 
(24%), with NNTs of 1.8, which represents a seven-fold 
higher impact compared with ‘syphilis history’ (4% of 
STIs averted with NNT of 2.5). Reporting multiple male 
sex partners P6M is the other major single criterion. Not 
surprisingly, ‘reporting≥10 male sex partners’ (41% of 
STIs averted with NNT of 2.4) would avert a slightly lower 
proportion of STIs than ‘reporting≥5 male sex partners’ 
but would require treating less individuals. ‘Reporting 
≥10 male sex partners’ specifically represented the most 
balanced criterion for syphilis prevention (52% of syph-
ilis cases averted with NNT of 20).

Applying any of the following single criteria, ‘HIV-PrEP 
use’, ‘use of a chemsex-related substance’ and ‘atten-
dance at a group sex event’ would result in somewhat 
similar proportions of all STI diagnoses averted (27% 
to 29%), with NNT varying from 2.5 to 2.7. Using these 
same criteria specifically for the group of participants not 
having a ‘history of ≥1 STI P12M’ would also lead to a 
similar proportion of STI diagnoses averted (25%–28%) 
with NNT varying from 2.3 to 2.6. Furthermore, applying 
the criterion ‘reporting ≥10 male sex partners P6M’ 
within the group of persons without STI history would 
lead to 38% of STI diagnoses averted with an NNT of 2.5.

Living with HIV infection would lead to half of the 
impact of the criterion ‘HIV-PrEP use’ on the proportion 
of all STIs averted (17%), with an NNT of 3.6. However, 
it would result in a greater impact when considering the 
proportion of syphilis diagnoses averted (31%) with an 
NNT of 21.

Considering either criterion, ‘history of STI P12M’ 
or ‘reporting ≥10 male sex partners P6M’ would greatly 
increase the proportion of diagnoses averted (56%) 
without substantially affecting the NNT (2.5), as would 
considering either ‘history of STI P12M’ or ‘HIV-PrEP 
use’ (53%, 2.5). Prescribing doxy-PEP to GBM having any 
of the following STI risk factors: ≥1 bacterial STI P12M or 
≥10 male sex partners P6M or HIV-PrEP use P6M would 
further increase the proportion of STI diagnoses poten-
tially averted (60%) with minimal increase of the NNT 
(2.7).

Perceived seriousness and risk of sexually transmitted 
infections
The proportion of participants who perceived an STI as 
‘somewhat serious’ or ‘serious’ was similar for NG and 
CT (45% vs 44%) but higher for syphilis: 55% (aPR=1.3; 

95% CI 1.2 to 1.4). This proportion was significantly 
lower among participants reporting any of the potential 
doxy-PEP prescribing criteria (table 4). The proportion 
of participants who perceived that they were ‘somewhat 
likely’ or ‘likely’ to acquire the STI within the next 12 
months was similar for NG and CT (18.0% versus 18.0%), 
but lower for syphilis at 11.9% (aPR=0.7; 95% CI 0.6 to 
0.8). Perceived likelihood of STI acquisition was signifi-
cantly higher among those reporting any of the potential 
doxy-PEP prescribing criteria (table 5).

DISCUSSION
Almost one third (30%) of sexually active GBM living 
in Canada’s three largest cities is expected to acquire at 
least one STI each year. The incidence (2017–2023) rates 
of NG and CT were similar, whereas the rate of syphilis 
first/reinfection was six times lower. The incidence of 
STIs decreased during the COVID-19 pandemic period 
compared with that during the pre-pandemic period (a 
decrease ranging from 42% to 59% across cities), consis-
tent with the reduction in sexual partners reported during 
the pandemic.15 After the easing of pandemic restric-
tions started, STI incidence trended towards a return to 
pre-pandemic levels, also observed in surveillance data 
in many high-income countries.16 17 Due to a general 
lack of published population-based incidence estimates 
accounting for the COVID-19 pandemic, it is challenging 
to further contextualise observed trends.

In this study, a past STI diagnosis doubled the risk of a 
new STI within the next 12 months (RR=2.0, 95% CI 1.8 
to 2.2). Moreover, reporting multiple male sex partners 
was the strongest predictor of STI acquisition, with a clear 
dose–response effect. Beyond partner count, various 
contexts also appear to contribute to STI risk. Group sex 
increases opportunities for multiple sexual acts within a 
short timeframe and is linked to both reduced condom 
use and partners with higher risk behaviours.18 Chemsex, 
which overlaps with multiple psychosocial vulnerabili-
ties (including sexual compulsivity), may entrench indi-
viduals in sexual networks with higher STI prevalence 
and interfere with protective behaviours.19–21 Daily use 
of geosocial networking apps is also associated with 
increased STI risk, likely due to integration into sexual-
ised subcultures.22 HIV-PrEP users were significantly asso-
ciated with higher rates of STI than non-HIV-PrEP users/
individuals not living with HIV infection. This finding 
aligns with previous reports of HIV-PrEP users having an 
increased incidence of STIs after initiating HIV-PrEP.23 In 
part, this may reflect more frequent and systematic STI 
screening among HIV-PrEP users. In this study, although 
HIV-PrEP use has steadily expanded, reaching 32% in 
2023, its strong association with STI risk behaviours and 
concomitant higher STI incidence has not decreased.

Evidence for doxy-PEP efficacy has been specifically 
documented among GBM living with HIV and HIV-PrEP 
users, two groups who regularly engage with healthcare 
services, facilitating adoption of doxy-PEP. Traeger et al24 
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Table 4  Association between potential doxy-PEP prescribing criteria and perceived seriousness of C. trachomatis, N. 
gonorrhoeae and syphilis in the Engage Cohort Study (2017–2023)

Potential doxy-PEP prescribing 
criteria

Number of 
participants

Proportions of participants who perceived the infection as serious or somewhat serious

C. trachomatis 
(CT) N. gonorrhoeae (NG)

Syphilis (new/
reinfection) Multivariate regression

Sample % Sample % Sample % aPR* 95% CI

All participants 1586 43.5 44.7 55.4

Number of male sex partners† P6M

≤1 598 52.0 52.7 58.9 Ref

2 to 4 524 43.9 44.5 55.3 0.9 0.8 to 1.0

5 to 9 217 39.6 41.9 55.3 0.9 0.8 to 1.0

≥10 247 25.5 28.3 47.4 0.7 0.6 to 0.9

Number of STIs P12M

0 961 46.2 47.1 57.5 Ref

1 178 30.9 33.7 47.2 0.8 0.7 to 1.0

≥2 90 30.0 32.2 52.2 0.8 0.6 to 1.0

Living with HIV 
infection

HIV-PrEP use P6M

No No 870 49.3 50.3 59.7 Ref

Yes 394 30.5 32.7 48.0 0.8 0.7 to 0.9

Yes 296 43.9 43.9 53.0 0.8 0.7 to 0.9

Condomless anal sex P6M

No 551 53.0 53.4 58.3 Ref

Yes 1035 38.5 40.1 53.9 0.9 0.8 to 1.0

Age (at study visit), years

≥50 408 52.5 52.9 59.6 Ref

30 to 49 853 40.6 41.9 53.1 0.9 0.8 to 1.1

≤29 325 40.0 41.8 56.3 0.9 0.8 to 1.1

Any use of a chemsex-related 
substance‡ P6M

No 1150 47.9 49.0 57.7 Ref

Yes 420 31.2 32.4 49.3 0.8 0.7 to 0.9

Attendance at a group sex event 
P6M

No 1382 45.7 46.9 56.7 Ref

Yes 201 28.9 30.3 47.3 0.8 0.7 to 0.9

Injection drug use P6M

No 1530 43.8 45.0 55.7 Ref

Yes 56 35.7 37.5 48.2 0.8 0.5 to 1.1

Daily use of an internet-based 
application to connect with men 
P6M

No 1151 46.8 47.9 57.5 Ref

Yes 435 34.7 36.3 49.9 0.8 0.7 to 1.0

Education (highest level completed)

Post-secondary level 1171 42.3 43.5 55.8 Ref

Secondary level 415 47.0 48.2 54.5 1.0 0.9 to 1.1

*Adjusted Prevalence Ratios (aPR) were estimated by generalised estimating equation Poisson regression of the multivariate perception outcome (CT, NG and 
syphilis) on a single doxycycline post-exposure prophylaxis criterion. Models were weighted to account for RDS recruitment and loss to follow-up and adjusted 
for potential confounders: age, immigration history, education level, annual income, sexual orientation, HADS anxiety score, HADS depression score and city. 
Participants’ responses were dichotomized (eg, serious or somewhat serious vs neutral or somewhat not serious or not serious).
†Number based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/
vaginal, etc.)?
‡Substances commonly related to chemsex which are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.
GHB, gamma-hydroxybutyrate; HADS, Hospital Anxiety and Depression Scale; HIV-PrEP, HIV pre-exposure prophylaxis; P6M, in the past 6 months; P12M, in the 
past 12 months; RDS, respondent-driven sampling; STI, sexually transmitted infection (chlamydia, gonorrhoea, and/or syphilis).
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Table 5  Association between potential doxy-PEP prescribing criteria and perceived risk of acquisition of C. trachomatis, N. 
gonorrhoeae and syphilis in the Engage Cohort Study (2017–2023)

Potential doxy-PEP prescribing 
criteria

Number of 
participants

Proportions of participants who perceived their risk of infection as somewhat likely or likely

C. trachomatis (CT) N. gonorrhoeae (NG) Syphilis (new/reinfection) Multivariate regression

Sample % Sample % Sample % aPR* 95% CI

All participants 1586 18 18 11.9

Number of male sex partners† P6M

≤1 598 4.6 4.1 3.6 Ref

2 to 4 524 13.9 14.7 9.3 3.5 2.2 to 5.8

5 to 9 217 27.4 26.8 17.9 5.8 3.5 to 9.5

≥10 247 51.0 50.8 32.5 11.1 7.1 to 17.4

Number of STIs P12M

0 961 12.2 12.5 8.9 Ref

1 178 33.7 31.4 18.0 2.5 1.9 to 3.4

≥2 90 46.7 45.6 28.9 3.7 2.7 to 5.0

Living with HIV 
infection

HIV-PrEP use P6M

No No 870 8.1 8.7 4.9 Ref

Yes 394 36.4 35.5 23.4 4.2 3.2 to 5.5

Yes 296 22.7 22 17.5 3.3 2.3 to 4.6

Condomless anal sex P6M

No 551 5.4 5.6 3.9 Ref

Yes 1035 24.6 24.5 16.1 3.8 2.5 to 5.6

Age (at study visit), years

≥50 408 10.8 10.8 11.0 Ref

30 to 49 853 21.2 21.0 13.5 2.0 1.4 to 2.8

≤29 325 18.7 19.0 9.0 1.0 1.3 to 2.8

Any use of a chemsex-related 
substance‡ P6M

No 1150 11.9 12.1 7.9 Ref

Yes 420 35.0 34.1 22.8 2.8 2.2 to 3.4

Attendance at a group sex event 
P6M

No 1382 13.6 13.7 9.1 Ref

Yes 201 47.7 47.0 31.2 3.5 2.8 to 4.3

Injection drug use P6M

No 1530 17.8 17.8 11.5 Ref

Yes 56 24.1 24.1 24.1 1.6 0.9 to 2.7

Daily use of an internet-based 
application to connect with men 
P6M

No 1151 12.7 12.1 8.5 Ref

Yes 435 32.0 33.6 21.0 2.6 2.1 to 3.3

Education (highest level completed)

Post-secondary level 1171 19.3 19.3 11.8 Ref

Secondary level 415 14.3 14.3 12.1 0.8 0.6 to 1.1

*Adjusted Prevalence Ratios (aPR) were estimated by generalised estimating equation Poisson regression of the multivariate perception outcome (CT, NG and syphilis) on a single 
doxy-PEP criterion. Models were weighted to account for respondent-driven sampling recruitment and loss to follow-up and adjusted for potential confounders: age, immigration 
history, education level, annual income, sexual orientation, HADS anxiety score, HADS depression score and city. Participants’ responses were dichotomized (eg, serious or somewhat 
serious vs neutral or somewhat not serious or not serious).
†Number based on the question: during the past 6 months, with how many guys have you had any kind of sex (anal, oral, mutual masturbation, rimming, frontal/vaginal, etc.)?
‡Substances commonly related to chemsex which are considered here: crystal methamphetamine, mephedrone, GHB and ketamine.
doxy-PEP, doxycycline post-exposure prophylaxis; GHB, gamma-hydroxybutyrate; HADS, Hospital Anxiety and Depression Scale; HIV-PrEP, HIV pre-exposure prophylaxis; P6M, in 
the past 6 months; P12M, in the past 12 months; STI, sexually transmitted infection (chlamydia, gonorrhoea and/or syphilis).
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examined the impact of doxy-PEP prescribing strategies 
and showed that prescribing doxy-PEP based on recent 
STI history as the main prescribing criterion, prevents 
more infections per person treated than strategies based 
only on HIV-PrEP use or HIV status.24 Using similar 
hypothetical scenarios, we observed the same pattern in 
our data. Current guidance25–28 recommends offering 
doxy-PEP to GBM with a history of STI P12M. Of note, the 
French guidelines specify at least two episodes of bacterial 
STI P12M, which appears rather restrictive based on our 
findings. The CDC extends the doxy-PEP offer to GBM 
and transgender women without documented STI history 
who present other high-risk characteristics, though these 
are not precisely defined. The Australian consensus state-
ment frames doxy-PEP primarily as a strategy for syphilis 
prevention.27 Indeed, treating asymptomatic CT infec-
tions in men may be of limited benefit.29 It recommends 
doxy-PEP for GBM with a recent syphilis diagnosis or at 
least two other recent bacterial STIs. In our data, this 
recommendation would avert 17.0% of syphilis cases. 
The Australian consensus statement also recommends 
doxy-PEP for GBM anticipating a period of increased 
STI risk, such as attending sex events or engaging with 
multiple casual sexual partners while travelling.27 Indeed, 
using a behavioural criterion such as reporting ≥10 male 
sex partners P6M (which is one of the specific STI risk 
factors proposed in the German/Austrian doxy-PEP 
guidelines) appeared to be the most useful criterion 
for syphilis prevention in this study. Our results support 
considering a limited number of criteria to yield the best 
balance between effectiveness in averted infections and 
potential harms of unnecessary doxycycline use (box 1). 
Specifically, offering doxy-PEP only to individuals with 
either a STI diagnosis P12M or those reporting ≥10 male 
sex partners P6M or using HIV-PrEP would avert 60% of 
STIs while treating 2.7 GBM for 1 year to avert one STI.

Real-world adherence data for doxy-PEP use are limited. 
In this analysis, we simulated scenarios using 100% adher-
ence across STI risk factor criteria. While this approach 
was helpful for comparisons, it is likely idealistic. Indeed, 
three randomised controlled clinical trials have reported 
a global self-reported adherence rate of approximately 
80%30 among men who have sex with men living with HIV 
infection or using HIV-PrEP. Furthermore, we found that 
GBM who meet the doxy-PEP criteria tend to perceive 
themselves at higher risk for STI (which may support 
their willingness to use the intervention).31 However, they 
also tend to perceive STIs as less serious, which could 
limit real-world adherence (slightly more than half of 
them do not see syphilis as a serious condition). There-
fore, prescribing doxy-PEP should be based on informed 
discussions about both the benefits and potential harms 
of use. In addition, our finding regarding perceived likeli-
hood of having STI among participants without identified 
doxy-PEP prescribing criteria could contribute to unnec-
essary antibiotic use among individuals at lower STI risk.

Finally, the estimated impacts of doxy-PEP in this study 
do not account for the additional benefits accrued for 

GBM through reduced overall STI prevalence among 
their sexual partners. Neither do they include the bene-
fits of decreased STI-related specific morbidity among 
cisgender women (10% of participants reported sex 
with a cisgender woman at least once during the entire 
cohort).

Strengths and limitations
Adjustment for recruitment method, loss to follow-up 
and within-subject correlation from repeated 
measures was applied using RDS-II weights, IPC 
weights and GEE regression, respectively, which 
helped limit related biases. Another strength of this 
study is that it accounts for both CT and NG infec-
tions detected during the study visit and self-reported 
diagnoses. Indeed, a large proportion of Engage 
Study participants (79%) reported STI testing at least 
once outside of the study, meaning that some infec-
tions might not have been captured by the study itself. 
This is particularly relevant for CT and NG, which 
are not detectable a few weeks after treatment. Since 
the question on self-reported diagnoses referred to 
a 6-month period, and given that CT and NG tests 

BOX 1  KEY POINTS
	⇒ Doxy-PEP prescribing strategies should balance maximising 
population-level reductions in STI incidence while minimising un-
necessary antimicrobial exposure.

	⇒ Doxy-PEP is currently recommended to individuals at highest risk 
of bacterial STIs, particularly for the prevention of syphilis among 
GBM. However, the specific ‘high-risk’ factors to consider vary 
across guidelines and their prevention potential will depend on local 
epidemiology.

	⇒ Prescribing doxy-PEP to urban Canadian GBM deemed eligible by 
having any of the eight selected empirically identified risk factors* in 
this study could avert up to 66% of chlamydia, gonorrhoea or syphi-
lis diagnoses.† However, this would require treating 3.6 persons for 
1 year to avert one STI.

	⇒ Conversely, a more balanced strategy would be to prescribe doxy-
PEP to a smaller group of GBM, eligible based on having any of the 
following three STI risk factors:

	⇒ ≥1 bacterial STI in the past 12 months
	⇒ ≥10 male sex partners in the past 6 months
	⇒ HIV-PrEP use in the past 6 months

This approach would avert 60% of chlamydia, gonorrhoea or syph-
ilis diagnoses† and require the treatment of 2.7 persons for 1 year 
to avert one STI

*≥1 bacterial STI in the past 12 months, ≥10 male sexual partners in the past 
6 months, HIV-PrEP use in the past 6 months, living with HIV infection, use of 
any chemsex-related substance in the past 6 months, attendance at group 
sex events in the past 6 months, daily use of an internet-based application to 
connect with men in the past 6 months and injection drug use in the past 6 
months.
†Based on the efficacy of doxy-PEP for each bacterial STI: 74% to 88% for 
chlamydia, 55% to 57% for gonorrhoea and 77% to 87% for syphilis. Our 
scenarios also assume doxycycline adherence of 100%.
doxy-PEP, doxycycline post-exposure prophylaxis; GBM, gay, bisexual, and other 
men who have sex with men; HIV-PrEP; HIV-pre-exposure prophylaxis; STI, 
sexually transmitted infection (chlamydia, gonorrhoea and syphilis).
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detect nucleic acids for a maximum of 4 weeks post-
treatment, the likelihood of double-counting a single 
infection was relatively low. In our data, CT was both 
detected and self-reported during the same study visit 
only 75 times (7.6%); a similar result was observed for 
NG. In addition, we conducted a sensitivity analysis of 
the multivariable regression model of all STI events 
using only laboratory-detected events, finding similar 
estimates for risk factors in the main analysis.

There are also limitations. First, because informa-
tion on the number of condomless sexual acts was not 
collected, it was not possible to estimate the number 
of doxy-PEP doses needed to avert an infection. 
Second, the number of infections averted and there-
fore the NNTs are contingent on the STI rates and 
levels of doxycycline-resistant NG in a given commu-
nity, perhaps limiting generalisability of these find-
ings. Third, current guidance recommends doxy-PEP 
for transmen who have sex with men.32 In our data, 
the small group size of transmen (1.2% of baseline 
sample) and a negligible number of STI events and 
limited follow-up precluded subgroup-specific esti-
mates of STI incidence and doxy-PEP impact. There-
fore, the inclusion of transmen is not expected to have 
meaningfully affected our findings. Finally, participa-
tion in the cohort may have influenced prevention 
behaviours leading to an underestimation of the true 
STI incidence in the community.

CONCLUSION
Population-based data are essential to appreciate 
the true burden of chlamydia, gonorrhoea and syph-
ilis among GBM. Prevention interventions must 
address a broad range of STI risk factors. Our find-
ings contribute to efforts to understand the impact 
of various doxy-PEP prescribing criteria, highlighting 
the benefit of focusing on the following three criteria: 
bacterial STI history, numerous sexual partners or 
HIV-PrEP use. Future research may consider evalu-
ating the implementation of doxy-PEP across various 
clinical indications, including an understanding of 
population-level impacts on STI occurrence and anti-
microbial resistance.

Author affiliations
1Direction Régionale de Santé Publique de Montréal, Montreal, Québec, Canada
2Institut National de Santé Publique du Québec, Montréal, Québec, Canada
3The Centre for Outcomes Research and Evaluation, Research Institute of the McGill 
University Health Centre, Montreal, Québec, Canada
4Department of Epidemiology, Biostatistics and Occupational Health, School of 
Population and Global Health, McGill University, Montreal, Québec, Canada
5Faculty of Medicine, The University of British Columbia, Vancouver, British 
Columbia, Canada
6British Columbia Centre for Excellence in HIV/AIDS, Vancouver, British Columbia, 
Canada
7School of Public Health and Social Policy, University of Victoria, Victoria, British 
Columbia, Canada
8Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada

9Department of Psychology, Toronto Metropolitan University, Toronto, Ontario, 
Canada
10Division of Infectious Diseases, St. Michael's Hospital, Toronto, Ontario, Canada
11Department of Medicine, University of Toronto, Toronto, Ontario, Canada
12Canadian AIDS Treatment Information Exchange, Toronto, Ontario, Canada
13Département de microbiologie, infectiologie et immunologie, Université de 
Montréal Faculté de Médecine, Montreal, Québec, Canada

Acknowledgements  The Engage Study is led by the following principal 
investigators (in alphabetical order): Joseph Cox, Daniel Grace, Trevor Hart, Jody 
Jollimore, Nathan Lachowsky, Gilles Lambert, David Moore and Darrell HS Tan. 
The authors thank Engage Study participants, research staff and community 
engagement committee members, as well as their community partner agencies.

Contributors  GL is the guarantor of the work. GL, JC, DG, TAH, JJ, NJL, DM and 
DHST conceived and designed the study. GL, AF, MD and JC conducted the data 
analysis and drafted the manuscript. All authors contributed to data management 
and methodological input. GL, JC, DG, TAH, JJ, NJL, DM, DHST, MD, TZ, AL and 
AG oversaw study implementation and data collection at their respective sites. All 
authors contributed to data interpretation and critical manuscript revisions. GL, JC, 
DG, TAH, JJ, NJL, DM, DHST, MD, TZ, AL and AG coordinated study administration 
and secured funding. All authors reviewed and approved the final manuscript.

Funding  Engage/Momentum II is funded by grants TE2-138299, FDN-143342 and 
PJT-153139 from the Canadian Institutes of Health Research (CIHR), grant CTN300 
from the CIHR Canadian HIV/AIDS Trials Network, the Canadian Foundation for AIDS 
Research, grant 1051 from the Ontario HIV Treatment Network, grant 4500370314 
from the Public Health Agency of Canada and the Ministère de la Santé et des 
Services sociaux du Québec. The funders had no role in the study design, data 
collection, analysis, decision to publish, or preparation of the manuscript.

Competing interests  JC and GL report non-financial support from the Direction 
Régionale de Santé Publique, Centre Intégré Universitaire de Santé et de Services 
Sociaux Centre-Sud-de-l’Ile-de-Montréal. JC reports research grants and 
personal fees from ViiV Healthcare, Gilead Sciences Canada and Abbvie, outside 
the submitted work. NJL reports grants from the Canadian Institutes of Health 
Research, Social Science and Humanities Research Council, Michael Smith Health 
Research British Columbia, Canadian Blood Services, the Canadian Foundation 
for AIDS Research, the Public Health Agency of Canada and Mitacs, outside the 
submitted work. DG reports grants from the Canadian Institutes of Health Research, 
the Social Sciences and Humanities Research Council, Canadian Blood Services, 
the Canadian Foundation for AIDS Research and the University of Toronto, outside 
the submitted work. TAH reports being an Advisory Committee member for the 
Canadian Institutes of Health Research (CIHR)’s Institute of Infection and Immunity 
and funds for community engagement events from ViiV Healthcare and Gilead 
Sciences Canada. A-CL reports grants from Roche, Hologic and Seegene. All other 
authors have no competing interest to declare.

Patient and public involvement  Patients and/or the public were involved in the 
design, conduct, reporting or dissemination plans of this research. Refer to the 
Methods section for further details.

Patient consent for publication  Not applicable.

Ethics approval  This Engage Study involves human participants and was 
approved by the following research ethics boards: McGill University Health 
Centre REB #MP-CUSM-15-632; Toronto Metropolitan University REB# 2016-
113; University of Toronto REB# 00033527; St. Michael’s Hospital REB# 17-043; 
University of Windsor REB# 16-180; University of British Columbia REB# H16-
01226, University of Victoria and Simon Fraser University. Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. The data 
that support the findings of this study are available from the corresponding author 
upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages) and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 Ju

n
e 2, 2026

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 M

ay 2026. 
10.1136/b

m
jo

p
en

-2025-111357 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


12 Lambert G, et al. BMJ Open 2026;16:e111357. doi:10.1136/bmjopen-2025-111357

Open access�

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Milada Dvorakova https://orcid.org/0000-0002-1808-8253
David Moore https://orcid.org/0000-0003-1078-9247
Nathan J Lachowsky https://orcid.org/0000-0002-6336-8780
Troy Grennan https://orcid.org/0000-0002-8039-6513

REFERENCES
	 1	 Ong XRS, Bagguley D, Lawrentschuk N, et al. Sexually Transmitted 

Diseases. 2022. Cham: Springer International Publishing, n.d.:
	 2	 Malekinejad M, Barker EK, Merai R, et al. Risk of HIV Acquisition 

Among Men Who Have Sex With Men Infected With Bacterial 
Sexually Transmitted Infections: A Systematic Review and Meta-
Analysis. Sex Transm Dis 2021;48:e138–48. 

	 3	 Public health agency of canada. infectious syphilis and congenital 
syphilis in canada. 2022. Available: https://www.canada.ca/en/​
public-health/services/reports-publications/canada-communicable-​
disease-report-ccdr/monthly-issue/2023-49/issue-10-october-2023/​
infectious-congenital-syphilis-canada-2022.html(accessed

	 4	 Mendez-Lopez A, Stuckler D, Marcus U, et al. Social and behavioural 
determinants of syphilis: Modelling based on repeated cross-
sectional surveys from 2010 and 2017 among 278,256 men who 
have sex with men in 31 European countries. Lancet Reg Health Eur 
2022;22:100483. 

	 5	 Falasinnu T, Gilbert M, Hottes TS, et al. Predictors identifying those 
at increased risk for STDs: a theory-guided review of empirical 
literature and clinical guidelines. Int J STD AIDS 2015;26:839–51. 

	 6	 Molina J-M, Bercot B, Assoumou L, et al. Doxycycline prophylaxis 
and meningococcal group B vaccine to prevent bacterial sexually 
transmitted infections in France (ANRS 174 DOXYVAC): a 
multicentre, open-label, randomised trial with a 2 × 2 factorial design. 
Lancet Infect Dis 2024;24:1093–104. 

	 7	 Luetkemeyer AF, Donnell D, Dombrowski JC, et al. Postexposure 
Doxycycline to Prevent Bacterial Sexually Transmitted Infections. N 
Engl J Med 2023;388:1296–306. 

	 8	 Vanbaelen T, Manoharan-Basil SS, Kenyon C. Doxycycline 
Postexposure Prophylaxis Could Induce Cross-Resistance to Other 
Classes of Antimicrobials in Neisseria gonorrhoeae : An In Silico 
Analysis. Sex Transm Dis 2023;50:490–3. 

	 9	 Daniati N, Widjaja G, Olalla Gracìa M, et al. The health belief model’s 
application in the development of health behaviors. Health Educ 
Health Promot 2021;9:521–7.

	10	 Volz E, Heckathorn DD. Probability based estimation theory for 
respondent driven sampling. J Off Stat 2008;24:79–97.

	11	 McLaughlin KR, Handcock MS, Johnston LG. Inference for the 
visibility distribution for respondent-driven sampling. n.d. Available: 
https://ww2.amstat.org/meetings/proceedings/2015/data/assets/pdf/​
234072.pdf

	12	 WHO Director-General. WHO director-general’s opening remarks at 
the media briefing on covid-19. 2020. Available: https://www.who.​
int/director-general/speeches/detail/who-director-general-s-opening-​
remarks-at-the-media-briefing-on-covid-19---11-march-2020

	13	 Canada Border Services Agency. Travel advisory: reminder – on 
September 7, new measures for fully vaccinated international 
travellers to Canada will come into force, 2021. Available: https://
www.canada.ca/en/border-services-agency/news/2021/09/​
travel-advisory-reminder--on-september-7-new-measures-for-fully-​
vaccinated-international-travellers-to-canada-will-come-into-force.​
html

	14	 Shmueli G. To Explain or To Predict? SSRN Journal 2010. 

	15	 Xiu F, Flores Anato JL, Cox J, et al. Characteristics of the Sexual 
Networks of Men Who Have Sex With Men in Montréal, Toronto, and 
Vancouver: Insights from Canada’s 2022 Mpox Outbreak. J Infect Dis 
2024;229:S293–304. 

	16	 European Centre for Disease Prevention and Control, Available: 
https://www.ecdc.europa.eu/en/publications-data/monitoring/all-​
annual-epidemiological-reports

	17	 UK Health Security Agency. Sexually transmitted infections (stis): 
annual data tables. 2024. Available: https://www.gov.uk/government/​
statistics/sexually-transmitted-infections-stis-annual-data-tables

	18	 Hirshfield S, Schrimshaw EW, Stall RD, et al. Drug Use, Sexual 
Risk, and Syndemic Production Among Men Who Have Sex With 
Men Who Engage in Group Sexual Encounters. Am J Public Health 
2015;105:1849–58. 

	19	 Bourne A, Reid D, Hickson F, et al. Illicit drug use in sexual settings 
('chemsex’) and HIV/STI transmission risk behaviour among gay men 
in South London: findings from a qualitative study. Sex Transm Infect 
2015;91:564–8. 

	20	 Parsons JT, Grov C, Golub SA. Sexual compulsivity, co-occurring 
psychosocial health problems, and HIV risk among gay and 
bisexual men: further evidence of a syndemic. Am J Public Health 
2012;102:156–62. 

	21	 Hegazi A, Lee MJ, Whittaker W, et al. Chemsex and the city: 
sexualised substance use in gay bisexual and other men who 
have sex with men attending sexual health clinics. Int J STD AIDS 
2017;28:362–6. 

	22	 Wang H, Zhang L, Zhou Y, et al. The use of geosocial networking 
smartphone applications and the risk of sexually transmitted 
infections among men who have sex with men: a systematic review 
and meta-analysis. BMC Public Health 2018;18:1178. 

	23	 Traeger MW, Cornelisse VJ, Asselin J, et al. Association of HIV 
Preexposure Prophylaxis With Incidence of Sexually Transmitted 
Infections Among Individuals at High Risk of HIV Infection. JAMA 
2019;321:1380–90. 

	24	 Traeger MW, Mayer KH, Krakower DS, et al. Potential impact of 
doxycycline post-exposure prophylaxis prescribing strategies on 
incidence of bacterial sexually transmitted infections. Clin Infect Dis 
2023;82:ciad488:304–11:. 

	25	 Pedersen H. The BCCDC position statement on doxycycline as 
prophylaxis for sexually transmitted infections. SmartSex Resource 
2023. Available: https://smartsexresource.com/for-health-providers/​
sti-updates/2023/11/the-bccdc-position-statement-on-doxycycline-​
as-prophylaxis-for-sexually-transmitted-infections/

	26	 Bachmann LH, Barbee LA, Chan P, et al. CDC Clinical Guidelines 
on the Use of Doxycycline Postexposure Prophylaxis for Bacterial 
Sexually Transmitted Infection Prevention, United States, 2024. 
MMWR Recomm Rep 2024;73:1–8. 

	27	 Cornelisse VJ, Riley B, Medland NA. Australian consensus 
statement on doxycycline post-exposure prophylaxis (doxy-PEP) 
for the prevention of syphilis, chlamydia and gonorrhoea among 
gay, bisexual and other men who have sex with men. Med J Aust 
2024;220:381–6. 

	28	 Public health considerations on the use of doxycycline for post-
exposure prophylaxis for bacterial sexually transmitted infections in 
the eu/eea. In: European Centre for Disease Prevention and Control. 
Stockholm: ECDC, 2026.

	29	 White JA, Dukers-Muijrers NH, Hoebe CJ, et al. 2025 European 
guideline on the management of Chlamydia trachomatis infections. 
Int J STD AIDS 2025;36:434–49. 

	30	 Sokoll PR, Migliavaca CB, Döring S, et al. Efficacy of postexposure 
prophylaxis with doxycycline (Doxy-PEP) in reducing sexually 
transmitted infections: a systematic review and meta-analysis. Sex 
Transm Infect 2025;101:59–67. 

	31	 Fusca L, Hull M, Ross P, et al. High Interest in Syphilis Pre-exposure 
and Post-exposure Prophylaxis Among Gay, Bisexual and Other Men 
Who Have Sex With Men in Vancouver and Toronto. Sex Transm Dis 
2020;47:224–31. 

	32	 Irons R, Stewart J, Harding-Esch E, et al. DoxyPEP for cisgender 
women and people assigned female at birth. The Lancet Obstetrics, 
Gynaecology, & Women’s Health 2026;2:e88–9. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 Ju

n
e 2, 2026

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 M

ay 2026. 
10.1136/b

m
jo

p
en

-2025-111357 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-1808-8253
https://orcid.org/0000-0003-1078-9247
https://orcid.org/0000-0002-6336-8780
https://orcid.org/0000-0002-8039-6513
http://dx.doi.org/10.1097/OLQ.0000000000001403
https://www.canada.ca/en/public-health/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2023-49/issue-10-october-2023/infectious-congenital-syphilis-canada-2022.html(accessed
https://www.canada.ca/en/public-health/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2023-49/issue-10-october-2023/infectious-congenital-syphilis-canada-2022.html(accessed
https://www.canada.ca/en/public-health/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2023-49/issue-10-october-2023/infectious-congenital-syphilis-canada-2022.html(accessed
https://www.canada.ca/en/public-health/services/reports-publications/canada-communicable-disease-report-ccdr/monthly-issue/2023-49/issue-10-october-2023/infectious-congenital-syphilis-canada-2022.html(accessed
http://dx.doi.org/10.1016/j.lanepe.2022.100483
http://dx.doi.org/10.1177/0956462414555930
http://dx.doi.org/10.1016/S1473-3099(24)00236-6
http://dx.doi.org/10.1056/NEJMoa2211934
http://dx.doi.org/10.1056/NEJMoa2211934
http://dx.doi.org/10.1097/OLQ.0000000000001810
https://ww2.amstat.org/meetings/proceedings/2015/data/assets/pdf/234072.pdf
https://ww2.amstat.org/meetings/proceedings/2015/data/assets/pdf/234072.pdf
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.canada.ca/en/border-services-agency/news/2021/09/travel-advisory-reminder--on-september-7-new-measures-for-fully-vaccinated-international-travellers-to-canada-will-come-into-force.html
https://www.canada.ca/en/border-services-agency/news/2021/09/travel-advisory-reminder--on-september-7-new-measures-for-fully-vaccinated-international-travellers-to-canada-will-come-into-force.html
https://www.canada.ca/en/border-services-agency/news/2021/09/travel-advisory-reminder--on-september-7-new-measures-for-fully-vaccinated-international-travellers-to-canada-will-come-into-force.html
https://www.canada.ca/en/border-services-agency/news/2021/09/travel-advisory-reminder--on-september-7-new-measures-for-fully-vaccinated-international-travellers-to-canada-will-come-into-force.html
https://www.canada.ca/en/border-services-agency/news/2021/09/travel-advisory-reminder--on-september-7-new-measures-for-fully-vaccinated-international-travellers-to-canada-will-come-into-force.html
http://dx.doi.org/10.2139/ssrn.1351252
http://dx.doi.org/10.1093/infdis/jiae033
https://www.ecdc.europa.eu/en/publications-data/monitoring/all-annual-epidemiological-reports
https://www.ecdc.europa.eu/en/publications-data/monitoring/all-annual-epidemiological-reports
https://www.gov.uk/government/statistics/sexually-transmitted-infections-stis-annual-data-tables
https://www.gov.uk/government/statistics/sexually-transmitted-infections-stis-annual-data-tables
http://dx.doi.org/10.2105/AJPH.2014.302346
http://dx.doi.org/10.1136/sextrans-2015-052052
http://dx.doi.org/10.2105/AJPH.2011.300284
http://dx.doi.org/10.1177/0956462416651229
http://dx.doi.org/10.1186/s12889-018-6092-3
http://dx.doi.org/10.1001/jama.2019.2947
http://dx.doi.org/10.1093/cid/ciad488
https://smartsexresource.com/for-health-providers/sti-updates/2023/11/the-bccdc-position-statement-on-doxycycline-as-prophylaxis-for-sexually-transmitted-infections/
https://smartsexresource.com/for-health-providers/sti-updates/2023/11/the-bccdc-position-statement-on-doxycycline-as-prophylaxis-for-sexually-transmitted-infections/
https://smartsexresource.com/for-health-providers/sti-updates/2023/11/the-bccdc-position-statement-on-doxycycline-as-prophylaxis-for-sexually-transmitted-infections/
http://dx.doi.org/10.15585/mmwr.rr7302a1
http://dx.doi.org/10.5694/mja2.52258
http://dx.doi.org/10.1177/09564624251323678
http://dx.doi.org/10.1136/sextrans-2024-056208
http://dx.doi.org/10.1136/sextrans-2024-056208
http://dx.doi.org/10.1097/OLQ.0000000000001130
http://dx.doi.org/10.1016/S3050-5038(25)00208-0
http://dx.doi.org/10.1016/S3050-5038(25)00208-0
http://bmjopen.bmj.com/

	Incidence and risk factors of ﻿C. trachomatis﻿, ﻿N. gonorrhoeae﻿ and syphilis among a cohort of urban Canadian gay, bisexual and other men who have sex with men, 2017–2023: informing the potential impact of doxycycline prophylaxis
	ABSTRACT
	Introduction﻿﻿
	Methods
	Participant recruitment and data collection
	Outcomes and other variables of interest
	Statistical analysis
	﻿Patient and public involvement﻿

	Results
	Participant characteristics at baseline
	Incidence rates of sexually transmitted infections
	Factors associated with sexually transmitted infections
	Estimated impact of doxycycline post-exposure prophylaxis on sexually transmitted infections
	Perceived seriousness and risk of sexually transmitted infections

	Discussion
	Strengths and limitations

	Conclusion
	References


