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Abstract

Background Prior research predominantly examined the association between HIV-positive men who have sex

with men (MSM) or those using injection drugs and hepatitis C virus (HCV) infection. However, limited attention

has been given to understanding the association among HIV-negative MSM who do not inject drugs. This gap leaves
apportion of the population unexamined, potentially overlooking important factor that may contribute to the trans-
mission and prevalence of HCV. This study aims to investigate the relationship between non-injection drug use

and HCV infection in this population.

Methods In this cross-sectional study, we analyzed data on 118 MSM who reported use of non-injection drugs. The
participants were recruited from two inner-city communities in Houston, TX, between 2004 and 2007 and were nega-
tive for both HIV and hepatitis B virus infection. Latent class analysis (LCA) was used to identify drug use latent classes.
Multinomial logistic regression analysis was used to evaluate the association between drug use latent class and HCV
infection.

Results Four distinct latent classes of drug use were identified: class 1, persons > 42 years of age who used only crack
cocaine; class 2, persons approximately 42 years of age who used > 2 drugs; class 3, persons <42 years of age who
used > 5 drugs; and class 4, persons >42 years of age who used > 6 drugs. Class 4 was significantly associated

with HCV infection. The odds of HCV infection in members of class 4 was 17 times higher than in class 2 members
(adjusted odds ratio [aOR]=16.9, 95% confidence interval [Cl]: 1.4-205.4) and almost 22 times higher than in class 3
members (@OR=21.8, 95% Cl: 1.5-322.8).

Conclusions Among MSM with non-injection drug use, the subgroup of individuals who were >42 years of age
and used multiple drugs (including heroin, speedball, methamphetamine, crack cocaine, and marijuana) had a high
probability of HCV infection. Public health and education programs, as well as drug treatment and rehabilitation pro-
grams, should be developed for this high-risk subgroup of individuals to prevent HCV acquisition and transmission.
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Background

Compared to the general population, men who have sex
with men (MSM) are disproportionately affected by vari-
ous infectious diseases, including HIV, syphilis, and other
sexually transmitted infections (STIs) [9]. Additionally,
there is evidence suggesting that hepatitis C virus (HCV)
infections may also affect MSM disproportionately.
Reports of an HCV epidemic or outbreaks among MSM
have been emerging since 2000 [6, 16, 41, 42, 44, 45].
Most of these studies have focused on MSM who were
HIV positive, used injection drugs, or were HIV posi-
tive and used injection drugs. However, there have been
fewer studies specifically targeting HIV-negative MSM
who do not use injection drugs [14].

Although overall HCV prevalence rates are compara-
ble in HIV-negative MSM and the general United States
(U.S.) population [4, 36], individuals who use non-injec-
tion drugs have a higher rate of HCV infection (2.3% to
35.3%) than the general population (1%) [37]. Further-
more, non-injection drug use is higher in MSM than in
heterosexual men, with past-month prevalence rates of
16.3% versus 9.9% [11]. These results therefore suggest
that HIV-negative MSM with non-injection drug use
may have a higher rate of HCV infection than the general
population.

People who use drugs are typically heterogeneous with
regard to the type of drug, as a number of different drug
types are available, and a person may choose multiple
drug types at the same or different times. Studying the
isolated effects of individual drugs may not fully capture
the complexity of using multiple drugs concurrently,
which could potentially limit its relevance to real-world
scenarios. To simultaneously analyze drug use variables,
latent class analysis (LCA) [8, 25, 30, 38, 47] is a widely
applied and highly effective approach. The authors of one
U.S. internet-based MSM sample used LCA to identify
a distinct multiple drug use group [27]. Another study
recruited a similar sample of MSM and found that indi-
viduals in the “high polydrug” subgroup (identified using
LCA) were more likely to report unprotected anal inter-
course and STIs [48]. In a Malaysian internet-based MSM
sample, LCA identified an “amphetamine-type stimulant
use” latent class, which was associated with a higher like-
lihood of high-risk sexual behavior, HIV infection, and
STIs, compared with a low-risk drug use group [26].

Furthermore, previous research has highlighted spe-
cific factors that may facilitate HCV transmission among
individuals who use non-injection drugs, including the
sharing of pipes when smoking drugs and having cracked
lips [21]. These findings underscore the need to investi-
gate the potential mechanisms behind HCV transmission
in this context.
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While there have been some studies on HCV infection
among MSM, Fitzpatrick et al. [14] conducted a study on
acute hepatitis C in HIV-uninfected men who have sex
with men and do not report injecting drug use. How-
ever, their study did not specifically focus on latent class
analysis or the identification of latent classes among this
population. To address this gap and provide a more com-
prehensive understanding, we employed LCA to identify
latent classes among HIV-negative MSM reporting non-
injection drug use in our study and examined the asso-
ciation between these latent classes and HCV infection
in this population. Subsequently, we examined the asso-
ciation between these latent classes and HCV infection
in this specific group of men. The results of this study
may provide important insights for HCV prevention and
health education programs targeting HIV-negative MSM
who use non-injection drugs.

Methods

Study design and participants

Data for this study were collected from the Drugs, AIDS,
STDs, and Hepatitis (DASH) project, a community-based
intervention study focused on preventing HIV, HBV, and
HCV infections [23]. Participants were untreated drug
users recruited from two highly endemic drug-using
urban neighborhoods in Houston, Texas, USA, from Feb-
ruary 2004 to October 2007. Participants were recruited
by outreach workers using a chain referral approach. Eli-
gibility criteria included being 18 years or older, residing
locally, self-reported use of illegal or non-medically pre-
scribed drugs (including cocaine or heroin) in the past
48 h, and the presence of drug metabolites confirmed by
urinalysis (OnTrak Varian Testik, Palo Alto, CA). Individ-
uals who tested negative for HIV and HBV were enrolled
in the baseline study.

Data collection

Enrollment interviews were conducted using verbally
administered questionnaires via computer-assisted per-
sonal interview (CAPI, QDS, Bethesda, MD). Baseline
data were obtained from the enrollment interview. All
data collection procedures and laboratory protocols were
approved by the Committee for the Protection of Human
Subjects at the University of Texas Health Science Center
at Houston.

Variables and measurements

Information was collected on the following sociodemo-
graphic characteristics age, race/ethnicity, sexual orien-
tation, education level, marital status, working status,
income level, living arrangement, previous incarceration
for more than 24 h, and drug treatment history.
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Sexual behavior variables included number of male
sexual partners in the past 30 days, frequency of condom
use, trading sex for money or drugs in the past 30 days,
and trading money or drugs for sex in the past 30 days.

Disease-related data included self-reported histories
of sexually transmitted infections (STIs) such as gonor-
rhea, herpes, chlamydia, and trichomoniasis, as well as
the participants’ HIV, HBV, and HCV infection statuses.
Screening tests for HIV1/2 antibodies, hepatitis B surface
antigen (HBsAg), and antibodies to HCV (anti-HCV)
were conducted using the Combo test (Core Combo
HIV-HBsAg-HCYV, Core Diagnostics, United Kingdom).
Confirmatory tests for HIV were performed using the
Microparticle Enzyme Immunoassay test (Abbott Labo-
ratories, Chicago, IL) [23]. HCV infection was defined as
a positive HCV antibody test.

For the collection of drug use variables, participants
were asked if they had ever used the following drugs:
crack cocaine, methamphetamine, marijuana, alcohol,
fry (embalming fluid and phencyclidine [PCP]-laced
cigarettes or marijuana sticks), powder cocaine, heroin,
speedball (mixture of heroin and cocaine), and codeine
syrup. Drug use indicators were recorded as “never used”
(0) or “have ever used” (1). Age was also considered an
indicator variable, as it is associated with the type of
drug use [5, 17]. Based on the median age of 42 years,
participants were categorized as “<42 years old” (0) or
“>42 years old” (1).

Statistical analysis

Latent Class Analysis (LCA) was used to identify sub-
groups of drug use. LCA models use a maximum like-
lihood approach to identify subgroups or classes of
individuals with similar patterns of responses to a set of
indicator variables [28, 46]. Drug use variables and age
were used as indicator variables. We began with a 1-class
model and increased the number of classes up to 6-class
models, using 5,000 random starts to obtain global
maxima for each model. Model selection was based on
the Bayesian Information Criterion (BIC), parametric
bootstrap likelihood ratio test (BLRT), and Lo-Mendell-
Rubin adjusted likelihood ratio test (LMR). We also used
entropy, a measure of classification accuracy, with higher
values indicating better classification.

The final latent class solution was based on statistical
significance and epidemiological interpretation of drug
use patterns. After identifying latent classes, multinomial
logistic regression models were conducted to examine
associations between class membership and HCV sta-
tus, sociodemographic characteristics, sexual behaviors,
and STT history. We used the AUXILIARY (r) option [31]
for multinomial logistic regression estimation, which
incorporates posterior probabilities of membership into
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the estimation procedure [34]. Bivariate associations
between latent class and each independent variable were
analyzed. Variables with a p-value<0.25 were included
in the joint model to evaluate the adjusted relationships
between class membership and HCV infection. LCA
model building, and logistic regression analysis were con-
ducted using Mplus 6.1 (Muthén & Muthén, CA), and
data management was performed using SAS 9.4 (Cary,
NC).

Results

In the DASH parental project study, the prevalence of
HCV was 36.1% (1011 out of 2800) among 2,800 drug
users contacted for HIV/HBV/HCV screening. [22].
Among 273 MSM who reported non-injection drug use,
40 individuals tested HCV positive, resulting in an HCV
prevalence of 14.7%. In these individuals, only age was
significantly associated with HCV infection. The odds
of HCV infection was 2.1 (95% confidence interval [CI]:
1.4-3.0) times higher in participants >42 years of age
than in those <42 years old (Supplementary Table 1).

The final analysis included 118 HIV and HBV nega-
tive participants who reported male-to-male sex and
used only non-injection drugs. Of these, 21 (17.8%) were
infected with HCV. Table 1 presents the sociodemo-
graphic characteristics and behavioral variables of the
analytical sample. The age of these participants ranged
from 19 to 61 years (mean: 39.6 years, interquartile range:
35-46 years), 83% were African American, 83% reported
sexual orientation as bisexual or homosexual, 76% com-
pleted only high school or had less than a high school
education, 65% were single, 50% worked <14 days in the
past month, 50% had an income < $400 dollars in the past
month, 46% were homeless at least once in the past, 76%
had been arrested and spent>24 h in jail, and 35% never
received drug treatment. Regarding sexual risk behav-
iors, 41% of participants had 0 or 1 male sexual partners
in the past month, approximately two-thirds used con-
doms<50% of the time while having sex, approximately
two-thirds traded sex for money or drugs in the past
month, and >50% traded money for drugs or sex in the
past month. Regarding disease history, 45% were previ-
ously diagnosed with STI(s). The majority of participants
had used multiple drugs (defined as ever using >2 drugs);
the most prevalent drug types were crack cocaine (98%),
marijuana (89%), and alcohol (86%). The prevalence rates
for other types of drugs were 57% for powder cocaine,
22% for codeine, 21% for fry, 14% for methamphetamine,
6.8% for heroin, and 3.4% for speedball.

Table 2 presents the results of statistics and entropy for
LCA models ranging from 1-class to 6-class solutions.
While the 2-class model had the lowest Bayesian Infor-
mation Criterion (BIC), other statistical criteria favored
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Table 1 Characteristics of 118 HIV-negative MSM who reported
only non-injection drug use in two inner-city communities in
Houston, TX (2004-2007)

Characteristics N %
All 118 100
Latent class indicators *
Crack cocaine 116 98.3
Methamphetamine 17 144
Marijuana 105 89.0
Alcohol 101 856
Fry 25 212
Powder cocaine 67 56.8
Heroin 8 6.8
Speedball 4 34
Codeine 26 22.0
>42 years of age 59 50
Sociodemographic characteristics
African American 98 83.1
Self-reported homosexual or bisexual 98 83.1
Education < high school 90 76.3
Single marital status 77 65.3
Worked < 14 days in the past 30 days 58 49.2
Income < $400 in the past month 70 593
Homeless at some time in the past 54 458
Previously in jail for>24 h 90 76.3
Never received drug treatment 41 347
Sexual behaviors
0 or 1 male sexual partner in the past month 48 40.7
Condom use frequency < 50% 71 60.7
Traded sex for money or drugs in the past month 74 62.7
Traded money or drugs for sex in the past month 68 576
Disease history
Sexual transmitted infection in the past 53 449
Blood exposure
Previous blood transfusion 4 34
History of occupational blood exposure 7 59

@ Except for age, these variables refer to the response to the question, “Have you
ever used the following drugs ...?"
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the 3-class and 4-class models. Specifically, the Lo-Men-
dell-Rubin (LMR) test showed significance for the 2-class,
3-class, 4-class, and 5-class models (P<0.05), and the
Bootstrapped Likelihood Ratio Test (BLRT) supported
the use of the 2-class through 4-class models (P <0.05).
Notably, all models from 3-class to 6-class demonstrated
satisfactory precision with entropy values exceeding 0.8.
Considering statistical significance and practical util-
ity, we opted for the 4-class model as the best-fit model.
This decision was substantiated by the comprehensive
evaluation of statistical criteria, where the 4-class model
exhibited the significant LMR and BLRT values, and an
Entropy value closer to 1, collectively affirming its suit-
ability for our analytical framework.

Figure 1 shows the estimated probabilities for each indi-
cator variable in our 4-class model. Participants in class 1
(accounting for 6.5% of the sample) had a high probability
(>95%) of using only crack cocaine, the lowest probabil-
ity of using all other types of drugs, and 75% probability
of being>42 years of age. We thus referred to class 1 as
“persons>42 years of age who used only crack cocaine’
Class 2 members accounted for 70.3% of the sample and
had a high probability (>90%) of using crack cocaine and
marijuana, moderate probability (50%) of using powder
cocaine, and 50% probability of being >42 years of age.
We therefore referred to class 2 as “persons approxi-
mately 42 years of age who used > 2 drugs” Class 3 mem-
bers accounted for 20.1% of the participants; had a high
probability (>90%) of using crack cocaine, marijuana,
and powder cocaine; had the highest probability of using
fry and codeine, compared to other groups; and had
an only 35% probability of being>42 years of age. We
thus referred to class 3 as “persons<42 years of age who
used>S5 drugs” Individuals in class 4 accounted for 3.2%
of the sample; had a high probability of using all types
of drugs except fry and codeine, with the probability of
using methamphetamine, heroin, and speedball being
the highest of all classes; and had a very high probability
(>99%) of being>42 years of age. We referred to class 4
as “persons > 42 years of age who used > 6 drugs’.

Table 3 presents the results of our bivariate multino-
mial logistic regression analysis. We found that only

Table 2 Model fit statistics and entropy values for LCA models with 1 to 6 latent classes

No. of Classes LL Free parameters BIC LMR (P-value) BLRT (P-value) Entropy
1 -462.630 10 972.966 NA NA NA

2 -430.427 21 961.039 0.0001 <0.0001 0.731

3 -418.644 32 989.950 0.0177 0.0100 0.957

4 -406.801 43 1018.742 0.0424 0.0400 0.963

5 -400.104 54 1057.826 0.0115 0.4000 0.957

6 -394.546 65 1099.186 0.1469 0.6200 0.978

BIC, Bayesian Information Criteria; BLRT, bootstrap likelihood ratio test; LL, log-likelihood; LMR, Lo-Mendell-Rubin adjusted likelihood ratio test; NA, not applicable
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Fig. 1 Estimated probability for each indicator variable in each drug use class in the 4-latent class model (Meth represents methamphetamine).
Class 1 (6.5%): persons >42 years of age who used only crack cocaine. Class 2 (70.3%): persons approximately 42 years of age who used > 2 drugs.
Class 3 (20.1%): persons <42 years of age who used > 5 drugs. Class 4 (3.2%): persons > 42 years of age who used > 6 drugs

Table 3 Bivariate associations between latent class membership and characteristics of 118 HIV-negative MSM with non-injection drug

use

Characteristics Class4vs1cOR(95% Class4vs2cOR(95% Class4vs3cOR(95% Class1vs2 Class1vs3 Class3vs2
cl) (d)] Cl) cOR (95% cOR (95% cOR (95%

(@)] cl) (@)]

Never received drug 0.7 (0.0-12.0) 0.6 (0.1-6.2) 1.2(0.1-15.6) 08(0.1-46) 1.8(03-12.1) 05(0.2-1.5)

treatment vs Received

drug treatment

Traded money or drugs 2.5 (0.2-39.1) 2.3(0.2-24.6) 1.2(0.1-14.9) 0.9(0.2-45) 05(0.1-29) 19(0.7-5.2)

for sex in the past

month: Yes vs No

Previous sexually trans- 1.6 (0.1-25.4) 4.4 (04-46.4) 2.1(0.2-25.0) 28(05-140) 14(02-79 21(08-54)

mitted infection(s): Yes

vs No

HCV infection: Yes vs No 7.8 (0.5-134.7) 14.2%(1.3-157.4) 20.5%(1.4-291.7) 1.8(03-106) 26(03-21.8) 0.7(0.2-3.0)

Cl, confidence interval; cOR: crude odds ratio; HCV, hepatitis C virus
“P<0.05

HCV status was significantly associated with the drug
use latent class. Compared with members of the other
classes, class 4 members had the highest odds of HCV
infection. The odds of HCV infection in class 4 mem-
bers was 14 times higher (crude odds ratio [cOR] =14.2,
95% CI: 1.3-157.4) than the odds of having HCV infec-
tion among individuals in class 2 and 20 times higher
(cOR=20.5, 95% CI: 1.4-291.7) than the odds of HCV
infection among MSM in class 3. The probability of
HCV was also higher in class 4 members than in class
1 members, although the difference was not statisti-
cally significant (cOR=7.8, 95% CI: 0.5-134.7). Associa-
tions between drug use classes and other variables, such
as sociodemographic characteristics, sexual behaviors,
self-reported STI history, blood transfusion history, and

occupational blood exposure history, were not statisti-
cally significant.

Table 4 presents the results of our multivariable regres-
sion model. We entered drug treatment history, self-
reported STI history, and trading money or drugs for
sex in the past month (variables with p-values<0.25 in
bivariate analysis) into the model to adjust for these fac-
tors when examining the association between drug use
class and HCV infection. The results showed that HCV
infection was significantly associated with drug use
class. The odds of HCV infection in class 4 members was
almost 17 times higher than in class 2 members (adjusted
OR=16.9, 95% CI: 1.4—205.4) and almost 22 times higher
than in class 3 members (adjusted OR=21.8, 95% CL:
1.5-322.8), when controlling for drug treatment history,
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Table 4 Multivariable association between latent class membership and characteristics of 118 HIV-negative MSM with non-injection

drug use
Characteristics Class4vs 1aOR(95% Class4vs2aOR(95% Class4vs3aOR(95% Class1vs2 Class1vs3 Class3vs2
(@) Cl) cl) aOR (95% aOR (95% aOR (95%

Cl) Cl) Cl)

Never received drug 0.8 (0.0-17.0) 0.7 (0.1-9.8) 1.2(0.1-19.7) 09(0.1-51) 15(0.2-11.00 06(02-1.9)

treatment vs Received

drug treatment

Previous STI(s) vs Never 1.9 (0.1-33.5) 5.3 (04-65.3) 2.7 (0.2-36.6) 28(0.5-146) 14(0.2-86) 20

had STI (0.7-5.3)

Traded money or drugs 2.5 (0.1-48.4) 24(0.2-33.2) 14 (0.1-21.6) 1.0(02-48) 06(0.1-34) 1.7 (0.6-5.0)

for sex in the past

month vs Did not trade

money or drugs for sex

in the past month

HCV infection: Yesvs No 8.5 (0.5-154.0) 16.9% (1.4-205.4) 21.8%(1.5-322.8) 20(03-122) 26(0.3-22.2) 0.8(0.2-35)

aOR: adjusted odds ratio; Cl, confidence interval; HCV, hepatitis C virus; STI: sexually transmitted infection

" P<0.05

self-reported STT history, and trading money or drugs for
sex in the past month.

Discussion

In this study, we applied LCA to identify latent classes
among HIV-negative MSM who used non-injection
drugs. We found four distinct latent classes: class 1, per-
sons >42 years of age who used only crack cocaine; class
2, persons approximately 42 years of age who used>2
drugs; class 3, persons<42 years of age who used>5
drugs; and class 4, persons >42 years of age who used >6
drugs. We also found associations between certain latent
classes of drug use and HCV infection. After adjusting
for drug treatment history, self-reported STI history,
and the behavior of trading money or drugs for sex in
the past month, we found that persons>42 years of age
who used>6 drugs had an almost 17 times higher odds
of HCV infection, compared with persons approximately
42 years old who used >2 drugs, and an almost 22 times
higher odds of HCV infection, compared with per-
sons <42 years of age who used > 5 drugs.

Among participants aged 42 years or older, drug use
latent class membership was polarized. Members in one
class (class 1) used only crack cocaine, whereas members
in the other class (class 4) used multiple drugs, includ-
ing crack cocaine, marijuana, powder cocaine, metham-
phetamine, heroin, and speedball. Individuals in class 4
had a higher probability of HCV infection than those in
class 1, although the difference did not reach statistical
significance. The lack of significance may have resulted
from the relatively small number of individuals in these
classes: they accounted for only 3.2% and 6.5% of the
sample, respectively, thus limiting the statistical power of
the study to detect differences between these two classes.

The mean age of class 3 members was slightly lower
than that of class 2 members. Class 3 members had a
higher probability of using fry and codeine than class 2
members, which is consistent with the results of previ-
ous reports of fry [29, 33] and codeine abuse [13, 32] in
the 1990s, especially among teenagers. Nevertheless, in
the current study, using fry and codeine in addition to
crack cocaine and marijuana did not increase the likely
of HCV infection, compared with using crack cocaine
and marijuana alone. One explanation for this finding
may relate to their modes of use. Fry is generally smoked,
and codeine is usually consumed orally in the form of
syrup, pills, or drinks (mixed with soda); both routes of
administration have a low likelihood of blood exposure.
Although studies have reported increased high-risk sex-
ual behavior among fry or codeine drug users [32], these
studies were not restricted to MSM. In the present study,
which involved only MSM, use of fry or codeine was not
associated with sexual risk behaviors.

By comparing latent classes of drug use with different
ages, we found an interaction between age and drug use
types on the probability of HCV infection. This indicates
that both age and drug use types were associated with
HCYV infection, and that differences in age were linked
to different preferences for type of drug use. Participants
who used multiple types of drugs (heroin, speedball, and
methamphetamine, in addition to the commonly used
crack cocaine and marijuana) were all>42 years of age
and formed a latent class with a much higher HCV infec-
tion probability than that of other latent classes. Some
studies have reported that people born between 1945
and 1965 have a higher HCV infection rate than other
individuals, suggesting that age alone contributes to the
higher probability of HCV infection in people 42 years
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or older. However, other studies have indicated that
use of heroin, speedball, and methamphetamine may
increase the risk of HCV infection for several reasons.
First, repeated intranasal use of heroin, cocaine (speed-
ball is heroin mixed with cocaine), and methampheta-
mine may cause mucosal trauma and hyperemia [2, 3, 35,
40], and HCV has been detected in the nasal secretions
[1] of people with HCV infection. Second, drug use para-
phernalia are often shared among people who use drugs,
and HCV RNA may remain in the paraphernalia for up
to 16 h [24]. Third, people who use heroin, speedball,
and methamphetamine may be exposed to social net-
works with a higher HCV infection rate than those who
use other drugs because a proportion of people who use
heroin, speedball, and methamphetamine inject these
drugs, and 40%-90% of people who use injection drugs
are infected with HCV [15, 19]. Nevertheless, some stud-
ies have found no increased risk of HCV infection in peo-
ple who share straws or dollar bills when snorting drugs
but do not use injection drugs [18, 20]. More research is
required to determine whether sharing equipment for
non-injection drug use is a transmission route for HCV.

We cannot directly compare the present LCA findings
with the results of previous studies using LCA because of
differences in recruitment strategies, indicator variables,
and disease of interest between studies. However, our
findings are consistent with the results of previous studies
demonstrating high rates of infectious diseases, including
HIV, among multiple drug users [7, 10, 12, 43]. Previous
LCA studies in MSM have also demonstrated that multi-
ple drug use is associated with increased transmission of
STIs by promoting disinhibition and subsequent high-risk
sexual behavior [26, 48],however, we found no association
between multiple drug use and STIs in the current study.
One reason for this lack of association may be that indi-
viduals with HIV and/or HBV infection were excluded
from the baseline data collection in the DASH project.
This may have resulted in the exclusion of individuals also
coinfected with STIs and thus led to an underestimation
of the effects of multiple drug use on STIs and high-risk
sexual behavior in our sample of MSM.

This study had several limitations. First, the limited
sample size within certain drug use classes raises con-
cerns about the precision of our results. The small num-
ber of HCV-infected individuals, particularly within latent
classes, necessitates extreme caution in interpretating
the results. Wide confidence intervals further underscore
variability. Future studies should include larger sample
sizes within specific non-injection drug use groups. Sec-
ond, there is potential for misclassification of drug use
behaviors, especially past injection drug use, which may
not be accurately recalled or reported. This could affect
the association between non-injection drug use and HCV
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infection. Third, the unspecified timeframe for reporting
non-injection drug use may lead to variability in reports,
complicating the distinction between lifetime and recent
behaviors. Fourth, self-report and injection mark identi-
fication used to confirm injection drug use are imperfect.
Some individuals hide injection marks, and those who
stopped injecting long ago might no longer display them.
Participants concealing their injection drug use could
lead us to overestimate the risk of HCV infection in the
target population. Fifth, information on drug use routes
and equipment sharing was not collected, which could
provide crucial insights into HCV transmission [39].
Sixth, drug use types and sexual risk behaviors were self-
reported, potentially leading to underreporting despite
lab verification of drug use. Seventh, the study’s age cat-
egories were based on a median age of 42 years, poten-
tially introducing bias and it may not fully capture the
complexity of age-related factors. Future research should
use predefined age categories. Eighth, the cross-sectional
design does not permit conclusions about the temporal-
ity of risk behaviors and HCV infection. Ninth, data from
2004 to 2007 do not account for newer drugs like MDMA
and LSD. An updated study is needed for more current
and comprehensive evidence. Lastly, the study did not
collect information on drug administration routes, equip-
ment sharing, or specific sexual behaviors related to HCV
transmission. Future studies should include these aspects,
and a longitudinal design could clarify the temporality of
risk behaviors and HCV infection.

Despite these limitations, this study has several
strengths. To our knowledge, this is the first study to eval-
uate the association between latent class of non-injection
drug use and HCV infection among HIV-negative MSM
using LCA. LCA provided a valuable tool for categorizing
participants based on their age and patterns of drug usage,
allowing us to uncover nuanced association between these
factors and HCV infection. By reducing the dimension of
drug use types, LCA enabled us to explore the interaction
between age and multiple drug use types on the likelihood
of HCV infection. This approach, which has been rela-
tively underutilized in previous studies, allowed us to gain
deeper insights into the complex relationship between
drug use behavior and HCV infection risk within this spe-
cific population. In addition, we excluded individuals with
HIV and/or HBV infection from this study. Although it
led to a smaller sample size, it allowed us to demonstrate
that even in the absence of HIV and HBV infection, the
interaction of age and multiple drug use types was associ-
ated with HCV infection.

Additionally, it is crucial to emphasize the broader
implications of our findings in the context of HCV infec-
tion among MSM populations. Hepatitis C virus (HCV)
infection represents a significant public health concern,
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and our study sheds light on a specific at-risk subgroup
within the MSM community. The identification of latent
classes of drug use and their association with HCV infec-
tion provides valuable insights for targeted intervention
strategies. Understanding the intersecting factors of age
and drug use in driving HCV transmission is not only rel-
evant for this specific study population but also contrib-
utes to the broader understanding of infectious disease
dynamics among marginalized communities. This knowl-
edge can inform public health efforts aimed at reducing
the prevalence of HCV and improving the overall health
and well-being of MSM individuals.

Conclusion

In conclusion, our study reveals essential insights into
drug use patterns among MSM, identifying four distinct
latent classes and emphasizing the heightened risk of
HCYV infection among individuals aged 42 years or older
who use multiple drugs. Tailored interventions, including
health education, promotion, and drug treatment pro-
grams, are imperative for this specific subgroup to raise
awareness, increase testing, and reduce the transmission
of HCV. Our research contributes to the understand-
ing of the intricate interplay between age, drug use, and
infectious diseases within the MSM community, provid-
ing a foundation for targeted public health strategies.
Future research should further investigate transmission
mechanisms and social networks. This study underscores
the urgency of addressing HCV infection within the
MSM population and offers valuable insights for effective
public health interventions.
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