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Objective: Risk of acute/recent hepatitis C virus infection (ARHCV) and bacterial
sexually transmitted infections (STIs) among MSM (MSM-HIV) is heterogeneous. We
aimed to identify clinical phenotypes and assess their association with incident ARHCV
and bacterial STIs.

Design: A prospective multicenter cohort study.

Methods: Between 2022 and 2024,MSM-HIVwere recruited from 10 centers inMadrid
and followed for 12months with HCV and bacterial STI screening. App-based ques-
tionnaires captured behavioral and mental health data. Thirty-eight variables were
analyzed using principal component analysis and hierarchical clustering to derive
clinical phenotypes.

Results: A total of 529 participants were included (median age 41years). Three phe-
notypes were identified: CP1 (n=328, 62.0%), CP2 (n=133, 25.1%), and CP3 (n=68,
12.9%), representing different levels of sexual risk, substance use, and prior STI/HCV
history. ARHCV incidence was 0.94, 0.72, and 11.76 per 100 person-years in CP1, CP2,
and CP3, respectively, and was higher in CP3 than in CP1 (incidence rate ratio [IRR]
12.49, 95% confidence interval [CI] 3.00–73.08) and CP2 (16.25, 2.18–720.93).
Bacterial STI incidence was 33.29, 60.83, and 61.76 per 100 person-years, respectively,
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and was higher in CP2 (IRR 1.83, 95% CI 1.36–2.46) and CP3 (IRR 1.86, 95% CI 1.27–
2.68) than in CP1.

Conclusion: Clinical phenotypes stratified ARHCV and bacterial STI incidence among
MSM-HIV. ARHCV was concentrated in a small high-exposure subgroup, whereas
bacterial STIs were more frequent in intermediate and high-exposure phenotypes.
Phenotype-based approaches may help guide risk stratification and prevention in
HIV care.

Copyright � 2026 Wolters Kluwer Health, LLC. All rights reserved.
AIDS 2026, 40:000–000
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Introduction

Hepatitis C virus (HCV) transmission in sexual contexts
among MSM has been recognized for more than two
decades [1]. Although scale-up of direct-acting antivirals
(DAAs) in high-income settings may have reduced
incidence through a treatment-as-prevention effect
[2,3], acute or recent HCV infection or reinfection
(ARHCV) remains a relevant co-occurring condition in
this population. Cases continue to be reported among
MSM with HIV and increasingly among MSM without
HIV, particularly those using HIV preexposure prophy-
laxis (PrEP) [4,5]. In parallel, bacterial sexually transmitted
infections (STIs), particularly those caused by Treponema
pallidum (syphilis), Neisseria gonorrhoeae (gonorrhea), and
Chlamydia trachomatis (chlamydia), represent a growing
public health concern worldwide and disproportionately
affect MSM [6].

Determinants of ARHCV and bacterial STIs overlap and
are driven by sexual exposure and sexualized drug use
(chemsex). HCV transmission has been associated with
condomless receptive anal intercourse (CRAI) with
multiple partners, sexualized injecting drug use (slamsex),
practices associated with rectal mucosal trauma, and
concurrent STIs as potential biological cofactors [4,7–9].
Bacterial STI transmission amongMSMhas similarly been
linked to high partner turnover, CRAI, and frequent
asymptomatic extragenital infections, which sustain
transmission and reinfection [8,10,11].

Evidence on determinants of ARHCV and bacterial STIs
among MSM largely derives from regression analyses of
individual exposures. However, infection risk reflects
combinations of correlated behavioral, substance use, and
clinical factors that cluster within individuals. Approaches
that capture how these features co-occur within
individuals are needed to define clinically meaningful
subgroups. Although several studies have used clustering
methods to identify subgroups amongMSM and examine
their association with HIV or STI outcomes, these studies
have been cross-sectional and evaluated prevalent rather
than incident outcomes [12–14]. To our knowledge, no
Wolters Kluwer Health, LLC. Unaut
studies have definedmultidimensional clinical phenotypes
associated to incident HCV or STI outcomes in this
population. We therefore applied a data-driven approach
in a prospective cohort of MSM with HIV, integrating
sexual behavior, substance use, clinical variables, and
systematic HCV and bacterial STI testing to identify
phenotypes associated with incident infection risk.
Materials and methods

Study design and participants
This analysis leveraged data from ATHENS (Acute/
recent infecTions and reinfections by Hepatitis C virus in
mEN having Sex with men), a prospective, multicenter
cohort study conducted in the Madrid region between
May 2022 and February 2024. ATHENS enrolled MSM
with HIV and MSM using PrEP to investigate the
epidemiology and risk factors for ARHCV and bacterial
STIs [4]. The present analysis was restricted to MSM with
HIV because behavioral and psychological data were
collected in this group using a self-administered mobile
app questionnaire.

Participants were recruited from ten public hospitals in
Madrid through two sources: the Cohort of the Spanish
HIV Research Network (CoRIS) and the Madrid
Coinfection Registry (Madrid CoRE). CoRIS is a
prospective multicenter cohort initiated in 2004 that
enrolls individuals newly diagnosed with HIV who are
antiretroviral therapy (ART) naive at entry [15]. Madrid
CoRE is a mandatory registry established in 2014 that
includes all individuals treated for HCV with DAAs
within Madrid's public hospital network [16] and was
incorporated into ATHENS to support the study of HCV
reinfections.

For this substudy, we included MSM with HIV enrolled
in CoRIS since 2014 and those registered in Madrid
CoRE after achieving sustained virological response
(SVR) following DAA therapy; individuals appearing in
both data sources were assigned to Madrid CoRE.
horized reproduction of this article is prohibited. 
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Study visits were scheduled at baseline, month 6 (�2
months), and month 12 (�2months). All participants
provided written informed consent, and study data were
pseudonymized before analysis.

Data collection and laboratory procedures
Baseline demographic and clinical data were retrieved
from the CoRIS and Madrid CoRE databases and
completed using REDCap-based case report forms [17]
hosted by the SEIMC/GeSIDA Foundation, as detailed in
Supplementary Appendix 1, https://links.lww.com/
QAD/D965. Variables included sociodemographic char-
acteristics, ART history, CD4 cell counts, HIV RNA
levels, and prior diagnoses of bacterial STIs and HCV
infection.

Behavioral and psychological data were collected at each
study visit using a self-administered mobile app question-
naire covering the preceding twomonths (Supplementary
Appendix 2, https://links.lww.com/QAD/D965).
Domains included sexual behavior, substance use, and
mental health indicators, assessed using the Hospital
Anxiety and Depression Scale (HADS), the adult
attention deficit hyperactivity disorder (ADHD) scale,
and the Barratt Impulsiveness Scale.

Testing for HCV and bacterial STIs was performed at all
scheduled study visits irrespective of symptoms, and
additionally when clinically indicated. HCV testing
consisted of antibody screening followed by RNA testing
when antibodies were detected, except in participants
with a history of HCV infection or previously positive
serology, for whom HCV RNA testing was performed
directly.

Gonorrhea and chlamydia were tested using nucleic acid
amplification tests on pharyngeal and rectal swabs and on
urethral swabs or first catch urine specimens. Syphilis was
assessed using both treponemal and nontreponemal
serological tests. All HCV and STI diagnostic testing
was performed locally at the participating hospitals using
the assays and commercial platforms routinely employed
in each site's clinical microbiology laboratory. Standard
blood panels, including liver enzyme measurements, were
also obtained.

Acute/recent hepatitis C virus infection and
sexually transmitted infection definitions
ARHCV was defined according to the NEAT-ID
(European Treatment Network for HIV, Hepatitis and
Global Infectious Diseases) consensus criteria for recently
acquired primary HCV infection or reinfection in MSM
[7]. Events required newly detectable HCV RNA.
Primary infection was defined as detectable HCV
RNA preceded within the previous 12months by a
documented negative HCV RNA or anti-HCV IgG test.
Reinfection was defined as newly detectable HCV RNA
following documented spontaneous clearance or
pyright © 2026 Wolters Kluwer Health, LLC. Una
treatment-induced SVR. When available, reinfection
was further supported by identification of a different
HCV genotype after resolution of the prior infection.

Gonorrhea and chlamydia episodes were defined as
laboratory-confirmed detection at any anatomical site,
irrespective of symptoms. Syphilis episodes were identified
by clinicians at each site based on clinical and serological
criteria, according to established guidelines [8]. All
laboratory-confirmed STIs identified during follow-up
were treated according to standard clinical practice.Distinct
STI episodes were defined as infections involving a
different pathogen or occurring after documented treat-
ment of a previous episode; infections identified at different
study visits were considered distinct episodes, even when
involving the same pathogen and anatomical site.

During the study period, DAAs were widely available,
and treatment for ARHCV was typically initiated on the
day of diagnosis. Doxycycline postexposure prophylaxis
(DoxyPEP) for bacterial STI prevention was not
implemented in the study setting.

Statistical analysis
Descriptive statistics were used to summarize baseline
characteristics. To identify clinical phenotypes among
MSM with HIV, we used a multistep approach
combining dimensionality reduction and unsupervised
clustering, followed by analyses of associations with
ARHCV or bacterial STIs.

We initially considered 38 variables grouped into six
predefined domains, selected a priori based on a
conceptual framework and existing evidence on deter-
minants of sexually transmitted HCV and bacterial STIs
amongMSM (Supplementary Table 1, https://links.lww.
com/QAD/D965): sociodemographic characteristics,
infection history, mental health, drug use, route of drug
use, and sexual behavior. Variables on drug use and sexual
behavior referred to the preceding 2 months.

Principal component analysis (PCA) was performed to
derive uncorrelated components summarizing themultivar-
iate structure of the dataset. Sampling adequacy was assessed
using the Kaiser–Meyer–Olkin (KMO) measure and
Bartlett's test of sphericity. Variables with individual
KMO values <0.60 were excluded prior to analysis.
Components were retained according to theKaiser criterion
(eigenvalues >1). Component loadings were examined to
interpret and label the components, with absolute values at
least 0.40 considered meaningful contributors.

Hierarchical agglomerative clustering was applied to
component scores using Euclidean distance and Ward's
linkage method. The number of clusters was determined
based on inspection of dendrograms and statistical criteria,
including the silhouette index. Cluster robustness was
evaluated using k-means clustering as a sensitivity analysis.
uthorized reproduction of this article is prohibited. 
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Differences in component scores across clusters were
assessed using Kruskal–Wallis tests.

Incidence rates were expressed per 100 person-years (PY)
and calculated as the total number of incident infections
during follow-up divided by person-time from baseline to
the last follow-up visit or study end, with 95% confidence
intervals (CIs) assuming a Poisson distribution. Incidence
rate ratios (IRRs) and 95%CIs were calculated using exact
conditional methods based on the Poisson distribution.
Analyses were conducted in R version 4.4.1 and Stata
version 18 (StataCorp, College Station, Texas, USA).

This study followed the STROBE reporting guideline
for cohort studies (Supplementary Table 2, https://links.
lww.com/QAD/D965).

Ethical considerations
The study was conducted in accordance with the
Declarations of Helsinki and was approved by the Ethics
Committee of Hospital General Universitario Gregorio
Marañón (GESIDA 12151, minutes 14/2021, July 5,
2021). All participants provided written informed
consent, and procedures complied with local regulations
on confidentiality and data protection.
Results

Participant characteristics
Among 733 MSM with HIV enrolled in the ATHENS
cohort, 540 (73.7%) completed at least one app-based
Table 1. Baseline characteristics of study participants by cohort of origin

Characteristic CoRIS (N=348)

Demographics
Age, years, median (IQR) 37.5 (31–45)
Born in Spain, n (%) 207 (59.5)
White, n (%)b 309 (88.8)

HIV-related variables
Prior AIDS-defining conditions, n (%) 31 (8.9)
Antiretroviral therapy, n (%) 347 (99.7)
CD4+ cell count, cells/ml, median (IQR) 807 (614–998)
HIV RNA <50 copies per ml, n (%) 326 (93.7)

Risk practices for STIs and HCVc

CRAI, n (%) 226 (64.9)
Chemsex, n (%) 89 (25.6)
Slamsex, n (%) 12 (3.4)

Prior history of HCV/STIs
HCV infection, n (%) 9 (2.6)
Any bacterial STI, n (%) 238 (68.4)
Syphilis, n (%) 204 (58.6)
Gonorrhea, n (%) 98 (28.2)
Chlamydia, n (%) 71 (20.4)

CoRIS, Cohort of the Spanish HIV Research Network; Madrid CoRE, Mad
receptive anal intercourse; HCV, hepatitis C virus; STI, sexually transmitted
aMadrid CoRE includes individuals who were treated for HCV infection an
bRace was self-reported; categories available were White, Black, Other.
cRisk practices in the previous 2months.

right © 2026 Wolters Kluwer Health, LLC. Unaut
questionnaire.Baseline characteristicswere similar between
completers and noncompleters, except for a slightly higher
CD4 cell count among completers; baseline HCV
prevalence did not differ (Supplementary Table 3,
https://links.lww.com/QAD/D965). After excluding 11
participants with missing data for the principal component
analysis, 529 participants were included in the final analysis.

In this analytic sample, the median age was 41years,
88.3% self-identified as White, and 61.8% were born in
Spain. A history of an AIDS-defining condition was
reported in 11.0%. Most participants were receiving ART
(99.8%); the median CD4+ cell count was 804cells/ml,
and 94.3% had undetectable HIV RNA (<50copies/ml).
Baseline characteristics, including prior bacterial STIs,
prior HCV infection, and behavioral risk factors, are
summarized in Table 1, stratified by cohort of origin.

Dimensionality reduction
Of the 38 variables initially considered, 16 did not meet
sampling adequacy criteria (individual KMO <0.60) and
were excluded prior to PCA. PCA was conducted on the
remaining 22 variables and identified six principal
components (PCs) summarizing the main patterns of
variation in the dataset and together explaining 59.2% of
the total variance. The variables retained, together with
their component loadings and individual KMO values,
are shown in Fig. 1. The overall KMO was 0.79,
indicating good sampling adequacy.

PC1 showed high loadings for any drug use, mephedrone
and GHB use, drug ingestion and snorting, and CRAI,
reflecting a combined pattern of chemsex-related
.

Madrid CoREa (N=181) All (N=529)

48 (41–55) 41 (33–49)
120 (66.3) 327 (61.8)
158 (87.3) 467 (88.3)

27 (14.9) 58 (11.0)
181 (100) 528 (99.8)
796 (586–998) 804 (612–998)
173 (95.6) 499 (94.3)

123 (68.0) 349 (66.0)
88 (48.6) 177 (33.4)
29 (16.0) 41 (7.8)

181 (100) 190 (35.9)
166 (91.7) 404 (76.4)
157 (86.7) 361 (68.2)
66 (36.5) 164 (31.0)
49 (27.1) 120 (22.7)

rid Coinfection Registry; IQR, interquartile range; CRAI, condomless
infection.
d achieved sustained virological response after DAA therapy.
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Fig. 1. Principal component loadings for variables included in the principal component analysis. Cells show loadings for the six
retained principal components used to derive clinical phenotypes; blank cells indicate absolute loadings<0.40. Negative loadings
indicate inverse contributions to the corresponding component. Sampling adequacy is summarized by the KMO statistic for each
variable and overall. ADHD, attention-deficit/hyperactivity disorder; GHB, gamma-hydroxybutyrate; HADS, Hospital Anxiety and
Depression Scale; HCV, hepatitis C virus; KMO, Kaiser–Meyer–Olkin; MDMA, 3,4-methylenedioxymethamphetamine; PC,
principal component.

Co
substance use and sexual risk behavior. PC2 was
characterized by self-reported anxiety and depression,
adult ADHD, and impulsivity, reflecting psychological
vulnerability. PC3 loaded on ketamine, MDMA/ecstasy,
and amphetamine use, consistent with recreational party
drug use. PC4 was defined by intrarectal and injection
drug use, methamphetamine use, and fisting, indicating
high-intensity chemsex and higher-risk sexual practices.
PC5 loaded on prior syphilis, prior gonorrhea, and prior
HCV infection, capturing a history of bacterial STIs and
HCV. PC6 loaded on smoking drugs and cocaine use,
suggesting smoked stimulant use.

For interpretability, PCs were labelled as follows: PC1,
chemsex-associated drug use and sexual risk behavior;
PC2, psychological vulnerability; PC3, party drug use;
PC4, high-intensity chemsex and higher-risk sexual
practices; PC5, history of STIs and HCV; and PC6,
smoked stimulant use.

Identification of clinical phenotypes
Hierarchical clustering was used to identify clinical
phenotypes. Among the evaluated clusterg solutions, the
two, three, and four-cluster models showed similar average
silhouette widths (0.23, 0.25, and 0.25, respectively). The
pyright © 2026 Wolters Kluwer Health, LLC. Una
three-cluster solution was selected because it provided the
best balance between interpretability and parsimony
(Fig. 2a). A sensitivity analysis using k-means produced a
similar grouping in the two-dimensional component space,
supporting the robustness of the phenotype structure
(Fig. 2b).

Median PC scores by phenotype are shown in Table 2.
Clinical phenotype 3 (n=68, 12.9%) showed the highest
alignment with chemsex-associated drug use and sexual
risk behavior (PC1) and high-intensity chemsex and
higher-risk sexual practices (PC4), together with positive
alignment for history of STIs and HCV (PC5), defining a
high-intensity risk phenotype characterized by converg-
ing behavioral risk factors and a history of prior STI and
HCV infection. Clinical phenotype 2 (n=133, 25.1%)
occupied an intermediate but distinct position, with
positive alignment for chemsex-associated drug use and
sexual risk behavior (PC1) and smoked stimulant use
(PC6) yet marked negative alignment with high-intensity
chemsex and higher-risk sexual practices (PC4) and party
drug use (PC3), consistent with engagement in chemsex
without escalation to the highest-intensity risk configu-
ration. In contrast, clinical phenotype 1 (n=328, 62.0%)
showed consistently negative or near-zero alignment
uthorized reproduction of this article is prohibited. 
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Fig. 2. Clustering of clinical phenotypes among MSM with HIV. (a) shows the hierarchical clustering dendrogram (primary
analysis) based on the retained principal components (PC1-PC6). (b) shows the k-means clustering solution (sensitivity analysis)
projected onto the two-dimensional principal component space. Three clinical phenotypes were consistently identified across both
methods: clinical phenotype 1 (red), clinical phenotype 2 (green), and clinical phenotype 3 (blue). CP, clinical phenotype.

Copy
across behavioral components, reflecting a comparatively
lower-risk behavioral profile. Psychological vulnerability
(PC2) did not differ across phenotypes (P=0.698),
suggesting that phenotypic differentiation was more
strongly associated with behavioral exposure patterns
than with the psychological measures assessed.

Infections across clinical phenotypes
Across the study period, including prevalent diagnoses at
baseline and incident diagnoses during follow-up, 24
participants (4.5%) were diagnosed with ARHCV, and
332 bacterial STI episodes were recorded among 212
participants (40.1%), comprising 114 episodes of syphilis,
121 of gonorrhea, and 97 of chlamydia.

Incident infections during follow-up are summarized in
Table 3. ARHCV incidence was 0.94 per 100 PY in
phenotype 1, 0.72 per 100 PY in phenotype 2, and 11.76
per 100 PY in phenotype 3. The IRR was 12.49 (95% CI
3.00–73.08; P<0.001) for phenotype 3 versus phenotype
1 and 16.25 (95% CI 2.18–720.93; P=0.001) for
phenotype 3 versus phenotype 2.
Table 2. Median principal component scores by clinical phenotypes iden

Principal component (label)
Clinical phenotyp

(n=328, 62.0%

PC1 (chemsex-associated drug use and sexual risk
behavior)

�0.61 (�0.97 to �

PC2 (psychological vulnerability) �0.20 (�0.78 to 0.
PC3 (party drug use) �0.07 (�0.26 to 0.
PC4 (high-intensity chemsex and higher-risk sexual
practices)

�0.07 (�0.42 to 0.

PC5 (history of STIs and HCV) �0.19 (�1.25 to 0.
PC6 (smoked stimulant use) �0.29 (�0.69 to 0.

Values aremedian (IQR). P valueswere derived from Kruskal–Wallis tests com
alignment with the pattern captured by each component, whereas negative
HCV, hepatitis C virus; IQR, interquartile range; PC, principal component;

right © 2026 Wolters Kluwer Health, LLC. Unaut
For bacterial STIs overall, incidence was 33.29 per 100 PY
in phenotype 1, 60.83 per 100 PY in phenotype 2, and
61.76 per 100 PY in phenotype 3. The IRR was 1.83
(95% CI 1.36–2.46; P<0.001) for phenotype 2 versus
phenotype 1, 1.86 (95% CI 1.27–2.68; P=0.001) for
phenotype 3 versus phenotype 1, and 1.02 (95% CI 0.68–
1.49; P=0.927) for phenotype 3 versus phenotype 2.
Discussion

In this prospective multicenter cohort of MSM with HIV
in Madrid (2022–2024), conducted in a context of broad
access to DAAs and during a period when DoxyPEP was
not implemented, three data-driven phenotypes stratified
12-month incidence of ARHCV and bacterial STIs.
ARHCV incidence was concentrated in the phenotype
characterized by high-intensity chemsex and practices
associated with rectal mucosal trauma, whereas bacterial
STI incidence was lowest in the lowest-exposure
phenotype and higher in the two phenotypes with
greater behavioral exposure.
tified through hierarchical clustering.

e 1
)

Clinical phenotype 2
(n=133, 25.1%)

Clinical phenotype 3
(n=68, 12.9%) P

0.35) 0.99 (0.42 to 1.48) 1.41 (0.94 to 1.72) <0.001

63) 0.05 (�0.74 to 0.61) �0.15 (�0.85 to 0.79) 0.698
17) �0.45 (�0.86 to 0.93) �0.63 (�1.11 to �0.09) <0.001
28) �0.88 (�1.19 to �0.34) 1.66 (0.99 to 2.37) <0.001

71) 0.02 (�0.64 to 0.77) 0.49 (�0.35 to 1.20) 0.002
14) 0.42 (�0.34 to 1.72) �0.34 (�1.03 to 0.61) <0.001

paring PC scores across phenotypes. Higher PC scores indicate greater
values indicate inverse alignment.
STI, sexually transmitted infection.

horized reproduction of this article is prohibited. 
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Table 3. Incidence of acute/recent hepatitis C virus infection infection and bacterial sexually transmitted infections across clinical phenotypes.

Follow-up
(PY)

Incident
events

Incidence per 100 PY
(95% CI)

IRR
(95% CI)a P

IRR
(95% CI)b P

Clinical phenotype 1 (N=328)
Acute HCV 318.4 3 0.94 (0.19–2.75) Reference — — —

Any STI 318.4 106 33.29 (27.26–40.27) Reference — — —

Syphilis 318.4 36 11.31 (7.92–15.65) Reference — — —

Gonorrhea 318.4 34 10.68 (7.40–14.92) Reference — — —

Chlamydia 318.4 36 11.31 (7.92–15.65) Reference — — —

Clinical phenotype 2 (N=133)
Acute HCV 138.1 1 0.72 (0.02–4.03) 0.77 (0.02–9.57) 0.884 Reference —

Any STI 138.1 84 60.83 (48.52–75.31) 1.83 (1.36–2.46) <0.001 Reference —

Syphilis 138.1 31 22.45 (15.25–31.86) 1.99 (1.19–3.30) 0.006 Reference —

Gonorrhea 138.1 33 23.90 (16.45–33.56) 2.24 (1.34–3.72) 0.001 Reference —

Chlamydia 138.1 20 14.48 (8.85–23.37) 1.28 (0.70–2.27) 0.376 Reference —

Clinical phenotype 3 (N=68)
Acute HCV 68.0 8 11.76 (5.08–23.18) 12.49 (3.00–73.08) <0.001 16.25 (2.18–720.93) 0.001
Any STI 68.0 42 61.76 (44.51–83.49) 1.86 (1.27–2.68) 0.001 1.02 (0.68–1.49) 0.927
Syphilis 68.0 7 10.29 (4.14–21.21) 0.91 (0.34–2.07) 0.855 0.46 (0.17–1.06) 0.051
Gonorrhea 68.0 23 33.82 (21.44–50.75) 3.17 (1.78–5.54) <0.001 1.42 (0.79–2.49) 0.206
Chlamydia 68.0 12 17.65 (9.12–30.83) 1.56 (0.74–3.07) 0.193 1.22 (0.54–2.62) 0.585

aIRRs comparing clinical phenotype 2 versus 1 and clinical phenotype 3 versus 1.
bIRRs comparing clinical phenotype 3 versus 2.
ARHCV, acute or recent hepatitis C virus infection; CI, confidence interval; IRR, incidence rate ratio; PY, person-years; STI, sexually transmitted
infection.

Co
The phenotypes captured behavioral exposures consis-
tently associated with sexual transmission of HCV and
acquisition of bacterial STIs among MSM, including
CRAI in the context of chemsex [8,18–22]. The highest-
risk phenotype was distinguished by injecting or
intrarectal drug use together with behaviors linked to
rectal mucosal trauma, including fisting, and a higher
prevalence of prior STI and HCV infection, consistent
with cumulative exposure within highly connected sexual
transmission networks. This profile aligns with proposed
mechanisms of sexual transmission of HCV involving
repeated exposure to infectious semen or blood, rectal
mucosal disruption, and transmission within densely
interconnected sexual networks [4,8,9,23]. Nevertheless,
the wide confidence intervals around the ARHCV IRRs
reflect the limited number of ARHCV events observed
during follow-up and indicate that these estimates should
be interpreted with caution.

The higher bacterial STI incidence observed in the two
more exposed phenotypes further supports the concen-
tration of these infections within defined behavioral
contexts among MSM [8,10,18,24,25].

Psychological measures did not differentiate phenotypes.
This may reflect limited variability among MSM engaged
in care or the inability of the instruments to capture
psychosocial determinants more directly associated with
infection risk, such as sexual compulsivity, minority stress,
or syndemic conditions that may increase vulnerability to
STIs [11,26]. Longitudinal studies incorporating broader
psychosocial assessments are warranted to assess whether
mental health influences changes in behavioral patterns
over time.
pyright © 2026 Wolters Kluwer Health, LLC. Una
Nearly two-thirds of participants were classified within
the lowest-exposure phenotype, with low ARHCV
incidence and comparatively lower bacterial STI rates
during follow-up. This distribution highlights substantial
heterogeneity of behavioral risk among MSM with HIV
and suggests that uniform screening and prevention
strategies may not reflect the variability in exposure
observed in clinical practice. In this context, a phenotype-
based approach could support pragmatic risk stratification
in routine care without formal principal component
analysis. A brief structured assessment focusing on recent
CRAI, engagement in chemsex, and markers of high-
intensity practices such as methamphetamine use, injec-
tion or intrarectal drug use, or fisting may approximate the
phenotype structure and help align screening and
prevention efforts with level of exposure. De-intensifica-
tion in lower-exposure groups should not compromise
case detection or equitable access to testing.

This study should be interpreted in light of several
methodological considerations. Behavioral and drug use
data were self-reported and referred to the preceding 2
months, which may have resulted in some underreporting
or imprecision, although the short reportingwindow likely
reduced longer-term recall error. Selection bias cannot be
excluded because around one quarter of eligible partici-
pants did not complete the questionnaires; however,
completers and noncompleters were broadly comparable,
making substantial selection bias unlikely. Phenotypeswere
derived among MSM with HIV from a single region, and
inclusion of participants from Madrid CoRE, all of whom
had a history of HCV infection, may have increased the
representation of higher-risk phenotypes. Accordingly, our
findings would benefit from external validation before
uthorized reproduction of this article is prohibited. 
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extrapolation to other settings. The present analysis did
not include MSM using PrEP, another population at
substantial risk of ARHCVand bacterial STIs. However, in
the original ATHENS study, ARHCV and bacterial STI
risk were concentrated among individuals with persistent
high-risk sexual behaviors and chemsex practices, irre-
spective of HIV status, suggesting that similar phenotype
structures may also be present among MSM without HIV
[4,27]. As with any unsupervised data-driven method,
results depend on analytic choices and the variables
included.

Notwithstanding these considerations, the study has
important strengths. The prospective cohort design
included structured follow-up and systematic microbio-
logical screening irrespective of symptoms, including
extragenital STIs. The integration of sexual behavior,
substance use, mental health, and clinical history enabled
identification of multidimensional phenotypes. In addi-
tion, the phenotype structure remained stable in
sensitivity analyses, supporting the robustness of the
clustering.

In summary, behavioral heterogeneity among MSM with
HIV can be characterized through data-driven phenotyp-
ing with clear clinical relevance. The concentration of
ARHCVwithin a high-intensity exposure profile and the
graded distribution of bacterial STIs across phenotypes
support moving beyond uniform screening strategies.
Incorporating brief, structured behavioral assessment into
routine HIV care may enable more precise, risk-informed
prevention while maintaining equitable access to testing.
Further validation will determine the generalizability and
practical impact of this approach across settings.
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