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Abstract Men who have sex with men (MSM) are the

largest risk group in the US HIV epidemic and African

American MSM (AA MSM) are disproportionately affec-

ted. Substance-abusing sexual minorities warrant attention

as they are at elevated risk for HIV, yet are not a homo-

geneous risk group. The purpose of this study was to use

latent class analysis to identify patterns of drug and alcohol

use in a sample of 359 AA MSM and examine associations

with sexual risk. Three classes were identified: Individuals

who used multiple substances (poly-users) (18 %), alco-

hol/marijuana users (33 %) and individuals who had low

probability of reporting drug or problematic alcohol use

(50 %). Results from multivariate analysis indicate that

poly-users were older and more likely to report sex

exchange and recent sexually transmitted infection com-

pared to the other classes. Alcohol and poly-users were

more likely to report sex under the influence. Identifying

and defining substance use patterns can improve specifi-

cation of risk groups and allocation of prevention

resources.
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Introduction

African American men who have sex with men (AA MSM)

are disproportionately affected by HIV, representing over

one-third of new infections in the United States [1]. Drug

and alcohol use is associated with poor HIV medical

adherence and clinical outcomes [2, 3]. Substance- abusing

sexual minorities are more likely to be untreated or under-

utilize treatment [4] and may be a bridge to non-drug using

populations [5]. However, substance-using MSM are not a

homogeneous risk group [6]. For example, one study of

young MSM in Chicago report three patterns of alcohol

and substance use: individuals who used multiple sub-

stances including marijuana, alcohol and other drugs,

individuals who used alcohol and marijuana only, and

individuals who used low levels of marijuana only [7]. In a

sample of Malaysian men, three patterns were also iden-

tified: negligible substance use, use of alcohol, poppers and

ecstasy before sex and amphetamine-type stimulant use [8].

In samples of MSM, variability in drug use has been

associated with sexual risk such as number of sex partners,

unprotected sex and sexually transmitted infections [9, 10].

The majority of the studies focused on drug and alcohol use

among MSM are focused on club drugs or prescription

drug use and therefore are not generalizable to settings

where use of these drugs are not prevalent.

Latent class analysis (LCA) [11] is a well-established

statistical methodology which identifies subgroups with

distinct behavioral or clinical characteristics in a popula-

tion. A growing number of studies have applied LCA to

elucidate classes in various public health related areas,

including mental health [12] and substance use [13–19].

This technique has been used to examine drug use patterns

in national epidemiologic samples of drug users [18]. LCA

has the potential to identify types of substance-using MSM
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who have the greatest risk behaviors and therefore would

benefit most from interventions. With limited funding and

resources for providing treatment and interventions, LCA

offers an empirical approach for maximizing intervention

cost-effectiveness.

There are few studies that have addressed the hetero-

geneity of alcohol and drug use within the population of

AA MSM and associations with sexual risk. The aims of

this study were to (1) use LCA to empirically define and

characterize drug and alcohol use patterns of a sample of

AA MSM and (2) to examine differences in sexual risk by

pattern of use.

Methods

Sample

Data for the current study comes from two convenience

samples of AA MSM who were recruited and assessed using

similar procedures. TheUnity in Diversity study (UND)was a

pilot HIV prevention intervention conducted in Baltimore

from August 2007–August 2008 with a sample of high-risk

AA MSM [20]. Social Geographies (SG) was an observa-

tional study conducted from March 2012–July 2012 that

focused on examining the socio-spatial context of HIV risk

among AA MSM in Baltimore [21]. For both studies, inclu-

sion criteria were: (1) aged 18–55, (2) self-report African

American/black ethnicity/race, and (3) self-report sex with

anothermale in the prior 90 days. For theUND study addition

inclusion criteria was self-report unprotected anal sex with a

male partner in the prior 90 days and being willing to take an

HIV test. Substance use, demographic and health data were

collected in face-to face interviews by trained research staff.

To maximize validity in reporting of stigmatized behaviors,

sexual risk data was collected using audio-computer assisted

self-interview technology. Data wasmissing on substance use

for n = 10 participants, therefore the final sample for this

study is 359. Table 1 presents a comparison between the two

samples on demographic, substance use and sexual risk vari-

ables. Differences between the two samples were observed,

therefore, studymembershipwas includedas a covariate in the

multivariate model.

Measures

Substance Use Class

To conduct the LCA, six binary variables were included:

self-reported heavy use of alcohol, binge drinking, crack,

heroin, cocaine and marijuana in the prior 90 days. These

were chosen based on the prevalence and variability of the

responses in the substance use assessment. In both samples,

use of methamphetamines was low (2 %). We did not

assess club drug use in the SG study however, zero par-

ticipants in the UND study reported club drug use.

Heavy alcohol use was assessed using the question,

‘‘How many drinks containing alcohol did you have when

you were drinking in the past 90 days?’’ Heavy use was

operationalized as drinking three or more alcoholic bev-

erages in a typical day.

Binge drinking was operationalized as self-report of six

or more alcoholic beverages in one sitting in the past

90 days.

Crack and heroin use was operationalized as using at

least once weekly or more frequently in the past 90 days

versus less often or no use.

Powdered cocaine and marijuana use was operational-

ized as any use in the prior 90 days.

Sexual Risk was assessed using items from the National

Behavior Surveillance Survey [22]. Participants reported

the total number of male sexual partners in the prior

90 days. Participants were then asked ‘‘Now I want you to

think about the man you most recently had anal sex’’. After

answering questions about the most recent male partner,

questions preceded to the next man the participant had

recently had anal sex. This continued up to the third most

recent partner, if that was applicable. For each male part-

ner, participants indicated whether they considered the

individual a main partner (yes or no). Participants were

allowed to indicate that more than one individual was a

main partner. Condom use during sex with each male

partner was assessed for both insertive and receptive anal

sex. First participants indicated the numbers of times they

had insertive and receptive anal sex with each partner and

then how many of those times a condom was used. Based

on literature, that indicates condom use varies by main

versus non-main partner, unprotected anal sex was opera-

tionalized based on partner-type separately for insertive

and receptive sex (unprotected yes or no). Participants also

reported whether money or drugs were exchanged during

most recent anal sex (yes/no) with each male partner and a

construct was created to indicate that they had exchanged

with any of the male partners. Sex under the influence of

alcohol or drugs was determined by asking two separate

questions: ‘‘The last time you had sex with[partner] were

you buzzed or drunk from alcohol?’’ and ‘‘had you used

any drugs prior to anal sex?’’ An affirmative response to

either question was coded as yes for the indicator variable:

sex under the influence. Participants who reported more

than three male partners were asked global questions on

condom use (i.e. frequency of condom use across all

remaining partners). This analysis only includes partner

specific risk data.
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Table 1 Comparison between

Unity in Diversity and Social

Geographies samples

Social Geographies

sample N = 143

Unity in Diversity

sample N = 226

p value

Mean age (SD) 40.3 (10.9) 37.9 (10.6) \0.05

Education

\11 years 25 (19) 48 (21) 0.08

12 years/GED 64 (48) 82 (36)

Some college 44 (33) 96 (42)

Employment status

Not working 47 (35) 98 (43) 0.27

On disability 48 (36) 66 (29)

Working (full or part-time) 38 (29) 62 (27)

Income

\$10,000 67 (50) 119 (53) 0.68

[$10,000 66 (50) 107 (47)

Incarcerated in past 90 days

No 106 (80) 192 (85) 0.20

Yes 27 (20) 34 (15)

Any health insurance

No 28 (21) 71 (31) 0.03

Yes 105 (79) 155 (69)

HIV status

Negative 76 (57) 104 (46) \0.01

Positive 53 (40) 94 (42)

Not sure 4 (3) 28 (12)

Sexual identity

Homosexual, gay, queer 72 (54) 104 (46) \0.01

Bisexual 47 (35) 94 (42)

Other (heterosexual, not sure) 14 (11) 28 (12)

Heavy drinking

No 49 (37) 120 (53) \0.01

Yes 84 (63) 106 (47)

Binge drinking

No 48 (36) 119 (53) \0.01

Yes 85 (64) 107 (47)

Crack use

No 100 (75) 175 (77) 0.63

Yes 33 (25) 51 (23)

Cocaine use past 90 days

No 113 (85) 175 (77) 0.08

Yes 20 (15) 51 (23)

Heroin use past 90 days

No 115 (86) 207 (92) 0.12

Yes 18 (14) 19 (8)

Marijuana use past 90 days

No 83 (62) 111 (49) 0.02

Yes 50 (38) 115 (51)
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Sexually Transmitted Infections

Participants indicated whether they had been ‘‘told by a

doctor or other healthcare professional in the prior 90 days

that they had any sexually transmitted infection, other than

HIV’’ (yes or no).

Sexual identity was assessed with the question ‘‘Do you

consider yourself to be heterosexual or straight; bisexual;

queer; homosexual, gay or same-gender loving; not sure or

questioning; or other?’’ Based on distribution of the responses

a three-category construct was created where 0 = homosex-

ual, gay, queer, same gender loving, 1 = bisexual and

2 = other (e.g. heterosexual, questioning/not sure).

HIV status was self-reported by participants in the

Social Geographies study (positive, negative or unknown).

Participants in the UNDwho reported negative or unknown

status were tested using the Oraquick testing kit and those

who reported HIV positive status provided documentation

in the form of clinical lab results or medications.

Socio-demographics included self-reported age, highest

educational attainment and annual income were self-re-

ported. Employment status was categorized as not working,

on disability, or working (full or part-time). Participants

reported whether they currently had any health insurance.

Statistical Analysis

Latent Class Modeling

Latent class analysis [11] was used to empirically define

subgroups based on individual substance use. LCA was

performed using MPlus version 7.3 (Muthén & Muthén,

1998–2014). For all LCA models considered, the six binary

substance use variables were included (heavy alcohol use,

binge drinking, cocaine, crack, heroin, marijuana). An

iterative modeling process was used to produce 2- through

5-class models. For each model, the analysis estimated

(a) the percent of the total sample in each subgroup/class

and (b) the conditional probability for each class that an

individual in that particular class will give a positive

response to each of the five items. We determined the

number of classes that exist in the sample by [1] per-

forming the analysis repeatedly, specifying an additional

class each time, and [2] comparing the models with varying

numbers of classes on measures of fit and interpretability of

the results. Specifically, Bayesian information criteria

(BIC), sample-size adjusted bayesian information criteria,

and Akaike’s information criteria (AIC) were used to

evaluate model fit. The best-fitting model is considered the

one where BIC, sample size adjusted BIC, and AIC values

are minimized [23]. Based on the LCA results, a three-

categorical variable on class membership was created for

further bivariate and multivariate analysis.

Comparisons by Substance Use Class

To compare variables by the LCA identified substance use

classes, ANOVA was used for continuous variables and the

Fisher’s Chi square for dichotomous variables. Two multi-

nomial logistic regressions were then conducted to examine

independent effects of variables that were statistically

associated with substance use class from bivariate analysis,

with statistical significance determined at the p\ 0.05 level.

The first regression model used the LCA identified light user

class as the reference group and the second regression used

the LCA identified alcohol/marijuana class as the reference

group. Results are presented as relative risk ratios (RRR),

estimating the risk (odds ratio) of class membership to one

of the other LCA identified classes compared to the refer-

ence group. We conducted a sub-analysis of the 275 indi-

viduals who reported having insertive anal sex with a non-

main partner to examine associations with unprotected

insertive anal sex and LCA identified substance use class. In

the multivariate model this risk variable was not statistically

associated with substance use class and therefore not pre-

sented in the Table.

Results

Socio-demographics and Drug use Characteristics

of the Samples

Table 1 presents comparisons of the UND and SG study sam-

ples by socio-demographic and drug use characteristics. Par-

ticipants in the SG study were on average older (40.3 vs.

39.7 years) compared to the UND individuals. A greater pro-

portion of the SG participants had health insurance (p = 0.03),

wereHIVnegative (p\0.01), identifiedas homosexual, gayor

queer (p\0.01) and reported heavy (p\0.01) and binge

alcohol use (p\0.01) compared toUND.Agreater proportion

of UND reported any marijuana use compared to SG

(p = 0.02). Based on these differences, studymembership was

included as a covariate in the multivariate model.

Latent Class Analysis

We estimated models of sub-groups of substance use

classes among the men in the sample for one, two, and

three classes. While the BIC was minimized in the two-

class model, the AIC and sample size adjusted BIC were

minimized in the three-class model. The three-class model

also provided improved interpretation and therefore a

three-class model was selected for the subsequent analysis.

Based on the estimated model, class 1 made up 50 %

(n = 175) of the sample, class 2—18 % (n = 65), and

class 3—32 % (n = 119) of the sample (Fig. 1). In our
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study, the three-class LCA model yielded high entropy

(0.81), and all the three latent classes have high correct

classification rates (0.948, 0.858 and 0.811), suggesting

modal class regression is appropriate.

No individuals in the sample reported zero use of both

alcohol and marijuana. Membership to class one was

composed of individuals who had 46 % probability of

reporting any marijuana use, 18 % probability of heavy

alcohol use and 8 % probability of binge drinking (herein

class 1 will be referred to as light users). Class 2 consisted

of individuals with high probabilities of heavy alcohol use

(83 %) binge drinking ([92 %), crack (67 %) and mari-

juana (81 %), 28 % probability of heroin use and 48 %

cocaine use (herein class 2 will be referred to as poly-

users). Membership to class three was defined by high

probability of heavy alcohol use (87 %), binge drinking

(100 %) and marijuana use (68 %) and low probabilities of

cocaine (11 %), crack (4 %) or heroin (1 %) (herein class 3

will be referred to as alcohol/marijuana).

Bivariate Analysis

Table 2 presents descriptive data on the pooled sample and

bivariate comparisons of demographic and health variables

by class. The majority of the sample had at least 12 years of

education (61 %). Less than one-third was employed (28 %)

and approximately one-third was not working due to dis-

ability (32 %). HIV status did not vary by class membership;

41 % of the sample was HIV positive. Overall, unprotected

insertive anal sex with both main and non-main partners was

prevalent (47 and 44 % respectively). Poly-users were on

average older and a higher proportion of this class reported

incarceration compared to light user and the alcohol/mari-

juana class. A smaller proportion of light users had health

insurance compared to the other classes. There were no

differences in sexual identity between classes.

Table 3 presents descriptive data and bivariate com-

parisons of sex risk variables by class. The majority

reported two or more sexual partners in the prior 90 days.

In unadjusted analyses several risk variables were signifi-

cantly associated with class. A greater proportion of poly-

users had exchanged sex for money or drugs with their

most recent three male sex partners, had been diagnosed

with an STI in the prior 90 days, reported sex while

intoxicated and unprotected insertive anal sex with a non-

main male partner, compared to the other two classes.

Comparisons Between the Alcohol/Marijuana Class

Versus Light User Class

Controlling for study membership, the alcohol/marijuana

class was younger (RRR = 0.97; 0.94–0.99) and had lower

relative risk of having health insurance (RRR = 0.52;

0.30–0.92) compared to the light user class. However, the

alcohol/marijuana class had higher relative risk having sex

under the influence (RRR = 2.87; 1.27–11.5).

Comparisons Between the Poly-User Class

and Other Classes

Controlling for study membership, compared to both light

user and alcohol/marijuana class, poly-users had higher

relative risk of being older, exchanging sex for money or

drugs and having an STI in the prior 90 days. Additionally,

when compared to light users, poly-users had high relative

risk of recent incarceration (RRR = 2.26; 1.04–4.90) and

sex under the influence (RRR = 4.45; 1.90–10.4). Com-

pared to alcohol/marijuana class there were no statistical

associations with having sex under the influence.

Discussion

In this study we sought to use latent class analysis to

examine patterns of drug and alcohol use in a sample of

sexually active AA MSM and to examine whether the

patterns were associated with sexual risk behavior. Three

distinct classes were derived lending support to other
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studies that have demonstrated heterogeneity of substance

use within populations [24, 25]. By recognizing that there

are different patterns of use, research can be more precise

in identifying sub-groups who may be more vulnerable to

poor health or treatment outcomes or at risk of transitioning

to more severe/problematic use.

The second aim of this study was to examine whether

sexual risk varied by substance use class. We were sur-

prised that the number of total male sex partners and main

male sex partners was not associated with substance use

class. The majority of the men reported at least two part-

ners in the prior 90 days. In part, this may be due to the

inclusion criteria for Unity in Diversity (sex with at least

two people, one of which must be a male) and therefore

this may not be generalizable to all substance using AA

MSM populations. However, unprotected anal sex rates

were high for the entire sample for both main partner and

non-main partner types. The literature is inconsistent on

whether substance use is associated with having multiple

sex partners and unprotected anal intercourse [24, 26–29].

Results from the present study suggest that substance use is

not a determinant of these sexual specific risk factors.

Compared to light and alcohol/marijuana class, mem-

bers of the poly-user class were older and had increased

relative risk of exchanging sex for money or drugs and a

recent STI. Having an STI is established as one of the key

factors driving the disparity in HIV among AA MSM

compared to other racial groups [30, 31]. Additionally, sex

exchange for money or drugs has been found to play a

unique role in both HIV and STI disease transmission to

individuals who may be part of lower risk sexual networks

[32–34]. Furthermore, when you compare poly-user class

to light use class, the poly-user class had higher relative

risk of incarceration and anal sex under the influence. It

should be noted that this was the smallest of the three

classes in this sample. Yet these findings underscore the

need to integrate HIV prevention programs, and STI

screening and clinical care, with substance abuse treatment

programming [35, 36] and incarceration facilities to

address their distinctive needs.

Table 2 Comparisons of demographic and health variables by substance use class, N = 359 African American men who have sex with men;

Baltimore, Maryland

Variable Total sample

N = 359 (100%)

Class 1 light users

N = 175 (50%)

Class 2 poly-users

N = 65 (18%)

Class 3 alcohol/marijuana

N = 119 (33%)

p value

Mean age (SD) 38.7 (10.8) 39.1 (11.2) 43.8 (7.93) 35.5 (10.3) \0.001

Education

\11 years 73 (20) 38 (22) 17 (26) 18 (15) 0.11

12 years/GED 146 (41) 63 (36) 30 (46) 53 (45)

Some college 140 (39) 74 (42) 18 (28) 48 (40)

Employment status

Not working 145 (40) 67 (38) 31 (48) 47 (40) 0.14

On disability 114 (32) 59 (34) 23 (35) 32 (27)

Working (full or part-time) 100 (28) 49 (28) 11 (17) 40 (34)

Income

\$10,000 186 (52) 86 (49) 36 (55) 64 (54) 0.60

[$10,000 173 (48) 89 (51) 29 (45) 55 (46)

Incarcerated in past 90 days

No 298 (83) 153 (87) 46 (71) 99 (83) 0.01

Yes 61 (17) 22 (13) 19 (29) 20 (17)

Any health insurance

No 99 (28) 39 (22) 17 (26) 43 (36) 0.03

Yes 260 (72) 136 (78) 48 (74) 76 (64)

HIV status

Negative 180 (50) 88 (50) 26 (40) 66 (55) 0.35

Positive 147 (41) 73 (42) 31 (48) 43 (36)

Not sure 32 (9) 14 (8) 8 (12) 10 (8)

Sexual Identity

Homosexual, gay, queer 205 (57) 99 (57) 31 (48) 75 (63) 0.23

Bisexual 120 (33) 61 (35) 24 (37) 35 (29)

Other (heterosexual, not sure) 34 (9) 15 (9) 10 (15) 9 (8)

AIDS Behav (2016) 20:590–599 595

123



The class characterized by high probability of heavy and

binge alcohol use and marijuana use accounted for one-

third of this sample. Compared to light users variables

associated with alcohol/marijuana class were lack of health

insurance, younger age and greater odds of anal sex under

the influence. The finding that both alcohol/marijuana and

poly-user classes were significantly more likely to engage

in sex under the influence is consistent with literature on

the association between heavy and binge alcohol use and

unprotected sex [26, 27]. The reduced rate of health

insurance among this group may provide insight into the

low rates of substance abuse treatment access and utiliza-

tion, previously observed in this population [37, 38].

Interventions tailored for this group should focus on

reducing episodes of heavy and binge drinking as an

approach to reduce sex under the influence. There are a

number of evidence-based approaches for alcohol use that

could be integrated with HIV prevention [39].

The largest class of this sample, accounting for half, was

characterized by their low probability of heavy or binge

alcohol use and very low probability of crack, heroin or

cocaine use. Individuals in this group had a 47 % proba-

bility of marijuana use. While this group of men is not

characterized by risky or hazardous substance abuse, half

of the men in this class reported sex under the influence

with at least one of their most recent three male sex part-

ners. The role of marijuana use as a risk factor for sexual

risk has not received much attention. Given the prevalence

of marijuana use [40], especially in younger populations,

further research is needed. Moreover, over one-third of this

group reported unprotected receptive anal sex with main

partners and a quarter reported unprotected receptive anal

Table 3 Comparisons of sex risk by substance use class, N = 359 African American men who have sex with men; Baltimore, Maryland

Variable Total sample

N = 359 (100%)

Class 1 Light users

N = 175 (50%)

Class 2 Poly-users

N = 65 (18%)

Class 3 Alcohol/marijuana

N = 119 (33%)

p value

Number of male sex partners

1 65 (18) 33 (19) 9 (14) 23 (19) 0.61

2 81 (23) 40 (23) 16 (25) 25 (21)

3 88 (25) 40 (23) 13 (20) 35 (29)

4? 125 (35) 62 (35) 27 (42) 36 (30)

Number of main male sex partners

0 135 (38) 64 (37) 27 (42) 44 (37) 0.87

1 181 (50) 88 (50) 30 (46) 63 (53)

2 43 (12) 23 (13) 8 (12) 12 (10)

Exchange sex for money or drugs with any of the three male sex partners named

No 287 (80) 153 (87) 36 (55) 98 (82) <0.001

Yes 72 (20) 22 (13) 29 (45) 21 (18)

STI in prior 90 days

No 338 (94) 167 (95) 57 (88) 114 (94) 0.05

Yes 21 (6) 8 (5) 8 (12) 5 (6)

Pt intoxicated during last anal sex with any of the three male sex partners

No 127 (35) 88 (50) 9 (14) 30 (25) \0.001

Yes 232 (65) 87 (50) 56 (86) 89 (75)

Unprotected insertive anal sex with main male partner (N = 224)

No 118 (53) 60 (54) 19 (50) 39 (52) 0.89

Yes 106 (47) 51 (46) 19 (50) 36 (48)

Unprotected insertive anal sex with non-main male partner (N = 275)

No 154 (56) 73 (57) 20 (38) 61 (65) \0.01

Yes 121 (44) 56 (43) 32 (62) 33 (35)

Unprotected receptive anal sex with main male partner

No 134 (60) 72 (65) 20 (53) 42 (57) 0.32

Yes 89 (40) 39 (35) 18 (47) 32 (43)

Unprotected receptive anal sex with non-main male partner

No 196 (72) 96 (74) 33 (63) 67 (72) 0.33

Yes 78 (28) 33 (26) 19 (37) 26 (28)
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sex with non-main partners. This is consistent with other

studies that report greater condom use with casual partners

compared to main [41, 42]. Feelings of trust and reliance

on monogamy and therefore lower risk have been descri-

bed as possible reasons for lower condom use in main

partnerships [43, 44]. While interventions tailored to this

group may not focus on reducing their overall level of

substance use, our findings underscore the importance of

addressing risks associated with sex under the influence

and promoting frequent HIV and STI testing and behav-

ioral skills to increase condom use for receptive anal sex

Limitations of this study should be noted. First, this

study uses data from two samples that were recruited at two

different time periods. Though they were assessed using

similar methods, the samples differed in their drug and

alcohol use and sexual risk. However, this diversity of

substance use may improve the generalizability of the

findings. On the other hand, the this study was conducted in

a specific geographic location where rates of metham-

phetamine and club drug use is low and limits generaliz-

ability to areas that may have a different epidemiology of

substance use [45]. The average age of this sample is

39 years and therefore may not generalize to younger

MSM and the strict inclusion criteria may have excluded

low frequency user. Further, this study asked men to

identify ‘‘main’’ versus ‘‘non-main’’ partners. Research

suggests that the personal meaning of this classification

may differ widely among individuals, referring to a wide

range of sexual partnerships potentially leading to mis-

classification bias. Despite these limitations, this study

offers a perspective of how HIV risk and substance use

intersect, which has important implications for maximizing

intervention cost-effectiveness by targeting specific sub-

stance using MSM groups. Additional research is needed to

examine interactions among these three groups (via sex and

drug and alcohol behaviors), as well as the overlap in their

social networks and the stability of their sexual networks.
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