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Abstract
Background: HIV transmission risk among non-injection drug users is high due to the cooccurrence of drug use and sexual risk behaviors. The purpose of the current study was to
identify patterns of drug use among polysubstance users within a high HIV prevalence
population.
Methods: The study sample included 409 substance users from the Pretoria region of South
Africa. Substances used by 20% or more the sample included: cigarettes, alcohol, marijuana and
heroin in combination, marijuana and cigarettes in combination, and crack cocaine. Latent class
analysis was used to identify patterns of polysubstance use based on types of drugs used.
Multivariate logistic regression analyses compared classes on demographics, sexual risk
behavior, and disease status.
Results: Four classes of substance use were found: MJ+Cig (40.8%), MJ+Her (30.8%), Crack
(24.7%), and Low Use (3.7%). The MJ+Cig class was 6.7 times more likely to use alcohol and 3
times more likely to use drugs before/during sex with steady partners than the Crack class. The
MJ+Cig class was16 times more likely to use alcohol before/during sex with steady partners than
the MJ+Her class. The Crack class was 6.1 times more likely to engage in transactional sex and
less likely to use drugs before/during steady sex than the MJ+Her class.
Conclusions: Findings illustrate patterns of drug use among a polysubstance using population
that differ in sexual risk behavior. Intervention strategies should address substance use,
particularly smoking as a route of administration (ROA), and sexual risk behaviors that best fit
this high-risk population.
Keywords: polysubstance use, sexual risk behavior, infectious disease, steady sex partners
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1. Introduction
Substance use is prevalent among individuals in South Africa where it is estimated that
20% of women and 63% of men suffer from substance use disorders (World Health
Organization, 2010). In addition, drug-related activity in South Africa has been associated with
poverty, reduced productivity, unemployment, familial dysfunction, political instability, drugrelated violence, gang activity, escalating rates of blood-borne illnesses such as acquired
immunodeficiency syndrome (AIDS) and tuberculosis (TB), injury, and premature death (Peltzer
et al., 2010; Van Wyk, 2011). Furthermore, research has indicated high rates of recent cannabis
(85.7%), opiate (56.3%), and cocaine (35.6%) use among substance users in South Africa
(Hedden et al., 2009). In addition, studies in sub-Saharan Africa have documented strong links
between substance use and sexual risk behavior such as having multiple sex partners, having
unprotected sex, and engaging in sex for money and/or gifts (Fisher et al., 2007; Kalichman et al.
2007; 2008; Morojele et al. 2005, 2006; Parry et al. 2009; Roerecke et al. 2008). This is of
considerable concern given that South Africa has the world’s largest population of individuals
living with HIV (Joint United Nations Programme on HIV/AIDS and World Health
Organization, 2009).
Those who currently use illegal drugs rarely limit their use to one substance (Griffin et
al., 2009; Kedia et al., 2007) and the increasing prevalence of polysubstance use in South Africa
contributes to the already devastating HIV epidemic (Floyd et al., 2010; Kalichman et al., 2006;
Wechsberg et al., 2008). In fact, polysubstance use is related to increased diagnosis of sexually
transmitted HIV (Mimiaga et al., 2008) and other sexually transmitted infections (STIs; Mayer et
al. 2012). In addition to risk for HIV, polysubstance has also been associated with detrimental
neuropsychological effects (Verdejo-García et al., 2004, 2010), including impulsivity (Verdejo-
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García et al., 2010) and deficits in executive functioning (Colzato et al., 2009; Hammers and
Suhr, 2010). Polysubstance use is unique in that users may report a primary drug of choice that
may differ from the substance causing the most negative outcomes (Griffin et al., 2009).
Understanding patterns of drug use is key to developing and implementing appropriate
interventions that will maximize recovery and decrease risk among vulnerable populations.
Polysubstance use in South Africa has been cited to be common (Parry et al., 2008a;
Floyd et al., 2010) and there is a strong link between substance use, sex trade, and HIV
transmission in this region (Parry et al, 2008b; Hedden et al., 2009). Research suggests that the
increase in the use of “sugars” in South Africa, low quality heroin and cocaine mixed with
marijuana, (Pluddemann et al., 2008), use of cocaine prior to sex work (Hedden et al., 2011) for
coping or increased energy (Needle et al., 2008), and heroin and marijuana after sex work for
relaxation (Needle et al., 2008; Floyd et al., 2010) contributes to unsafe sex and HIV in South
Africa. As the risk of contracting infectious disease may increase with the use of substances
(Friedman, et al., 2009; Neblet, et al. 2011; Pilowsky, et al., 2007; Somlai, et al., 2000), it is
imperative to elucidate patterns of drug use and their associated risk behaviors among this
population.
Individuals who use substances are likely to engage in sexual risk behaviors while under
the influence of drugs and/or alcohol (Abdala, et al., 2010; Sander et al., 2010). One explanation
for HIV transmission among non-injection drug users is that intoxication through the use of
various substances may lead to a lack of attention to engaging in the practice of safe sex or a
propensity toward engaging in high-risk sex (Castor, et al., 2010; Strathdee and Sherman, 2003).
For example, in a study of mostly African Americans in a high HIV-risk community, drug users
were more likely than non-drug users to have multiple sex partners, exchange sex for money or

5
drugs, have a sexual relationship with someone they knew had other sex partners, and use drugs
or alcohol at their last sexual experience compared to non-drug users (Kuo et al., 2011), thus
increasing the risk of exposure to blood-borne illnesses such as HIV and subsequent transmission
of those illnesses. Further, among African American non-injection drug users, having personal
networks with a high degree of substance use activities was associated with high-risk sexual
behaviors including having multiple partners and having sex without a condom (Miller and
Neaigus, 2002). The potential risk of HIV infection among these populations is also compounded
by the overlap among network members (Crawford and Vlahov, 2010) and the potential for
partnerships to bridge the gap between high risk and low risk members (Neaigus et al., 2001;
Volz et al., 2010). These studies show that substance use in general increases the likelihood of
sexual risk behaviors, thereby allowing for the possibility of HIV and other STI transmission
through unprotected sex.
Although several noteworthy studies have focused on substance use, risk behavior, and
HIV infection in South Africa (Floyd, et al., 2010; Hedden, et al., 2009; Hedden, et al., 2011;
Kalichman, et al., 2006; Peltzer, et al., 2009; Weschberg, et al., 2006), research has yet to
examine patterns of substance use and risk among drug users in this population. Despite the high
prevalence of substance use and high potential for exposure to – and transmission of – bloodborne illnesses, to our knowledge, no studies have explored patterns of polysubstance use, sexual
risk behavior, and infectious disease in this region. The purpose of the current study is to explore
patterns of drug use among a primarily polysubstance using population in South Africa. This
study addresses a gap in the literature by using Latent Class Analysis (LCA) to identify patterns
of polysubstance use and associations between these classes and sexual risk behaviors.
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2. Methods
2.1. Study Site
The current study was part of the international NEURO-HIV Epidemiologic Study that
has sites in the United States, South Africa, and Russia. The NEURO-HIV Epidemiologic Study
was designed to examine neuropsychological and social-behavioral risk factors of HIV, hepatitis
A, hepatitis B, and hepatitis C among both injection and non-injection drug users. The present
study is based on baseline data collected in the Pretoria region of South Africa between 2002 and
2006. Pretoria is considered a government center of South Africa and it is part of the Gauteng
province with a population of over 8.5 million people. Although Gauteng is considered to be the
fastest growing province in the region and contributes to over one-third of the country’s gross
national product, the unemployment rate is high - over 25% - with a median annual income of
working adults that is just under $3500 (Joint United Nations Programme on HIV/AIDS and
World Health Organization, 2008).
2.2. Participant Demographics
To be eligible for the study, participants had to be between the ages of 18 to 40 years,
report using non-injection and/or injection drugs in the past 6 months, and live in or around
Pretoria. The age restriction was based on the knowledge that the average life expectancy in
South Africa is 54, compared to an average life expectancy in the United States of 78 (World
Health Organization, 2012). As such, we chose not to include participants that would be
considered relatively “elderly”, similar to the NEURO study in USA where the maximum age
allowed was 50.”The present study consisted of 409 drug users comprised of 209 women
(50.4%) and 200 men (49.6%). Ninety-four percent of study participants identified as Black (n =
385). The average age of participants was 26.66 years (SD = 4.98). The majority of participants
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had less than a high school education (78.9%), over one-half of participants had ever been in jail
(52.8%), and over one-third were legally employed (36.9%). The complete list of participant
demographics can be found in Table 1.
Table 1
Characteristics of past 6-month substance use among 409 South African drug users
n

%

Cigarettes

389

95.1

Marijuana+Cigarette – smoking

222

54.3

Marijuana+Heroin – smoking

214

52.3

Alcohol

184

45.0

Crack Cocaine – smoking

101

24.7

Heroin – smoking, nasal, injection

23

5.6

Marijuana

17

4.2

Heroin+Cigarette – smoking

3

0.7

24 Years & Older [M = 26.66, SD = 4.98]

210

51.3

Female Sex

209

50.4

Black Race

385

94.1

Less than high school graduate

323

78.9

Legal employment

151

36.9

Ever been in jail

216

52.8

Transactional Sex

131

32.0

Positive for Cannabinoids

345

84.4

Positive for Opioids

227

55.5

Positive for Cocaine

149

36.4

Any 6 STI

23

5.6

Hepatitis C

17

4.2

HIV

148

36.2

Latent Class Indicators

Demographics

Drug Use and Infectious Disease

2.3 Procedures and Instruments
This study was approved by the Institutional Review Board at the Johns Hopkins
Bloomberg School of Public Health and in South Africa by the South African Medical Research
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Ethics Committee. Key investigative study staff completed the Johns Hopkins University
training module for conducting research with human subjects. All study staff completed
extensive training on conducting the HIV Risk-Behavior Interview and the neuropsychological
assessment battery. Study staff also completed a pre- and post-test HIV counseling course. Study
staff conducted assessments and counseling session. The project coordinator held regular team
meetings and provided additional training and continuous support for assessment clinicians.
Participants were recruited by trained project staff using community-based word of
mouth and street outreach in informal settlements, treatment programs, bars, local emergency
rooms, and health clinics. The majority of participants ultimately came from street outreach and
a minority came from treatment programs and health clinics. Informed consent was obtained at
the initial visit prior to the baseline assessment. All assessments in were conducted face-to-face
in private rooms at the research clinic site at Louis Pasteur Hospital in Pretoria. Participants were
remunerated 150 ZAR (approximately $19) for the baseline assessment and an additional 50
ZAR (approximately $6) for transportation costs.
Participants enrolled in the study completed the HIV-Risk Behavior Interview, a detailed
behavioral assessment of drug use and sexual practices. This version was adapted from landmark
studies of HIV-risk behavior (Vlahov et al., 1991) and was pilot-tested at the South African site
prior to use in the present study. The HIV-Risk Behavior Interview includes measures of drugrelated HIV risk behaviors such as drug use cessation and relapse, risky injection practices, and
drug use in high-risk contexts. This measure also includes detailed self-report of drug use
including: type, route of administration (ROA), frequency, and quantity of drug use. A range of
drugs used is included in the study battery such as alcohol, tobacco, cannabis, cocaine, heroin,
and methaqualone; however, open-ended questions allow for self-report descriptions of “other”
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drug use not indicated in the assessment. Measures of sexual behavior include the number of sex
partners, types of sex partners, type of sexual acts, condom use behavior, sex trade practices, and
sexually transmitted infections. Drug use and sexual risk behaviors were assessed at five
different time periods: last 24 hours, last week, last month, last six months, and lifetime. The sixmonth time frame was utilized in the analyses for the current study.
Blood and urine samples were collected at the baseline assessment to test for the presence
of drugs. HIV testing was performed by a national pathology service. HIV testing included the
standard enzyme-linked immunosorbent assay (ELISA) screening and confirmatory Western
Blots. Urinalysis tested for the presence of psychoactive substances, including: cannabinoids,
cocaine, opiates, and methalqualone to verify participant self-report of drug use. Detailed
measures of drug use have been described elsewhere (Hedden et al., 2008).
2.4. Measures
2.4.1. Substance use. Participant substance use was assessed using items addressing past 6-month
substance use in the HIV-Risk Behavior Interview. Participants responded yes or no to using
cigarettes, alcohol, smoking crack cocaine, smoking, injecting or nasal use of heroin, and
marijuana use in the past 6 months. Participants were also asked, “Have you smoked any other
drug combo in the past 6 months?” Participants responded yes or no and then were asked to
specify the drug combination used. The drug combinations that participants listed for this item
included: smoking marijuana and cigarettes in combination, smoking marijuana and heroin in
combination, and smoking heroin and cigarettes in combination. Injection drug use in the sample
was low, with only 4 participants (1.0%) indicating that they had ever injected any drug. Past 6month drug use is a common duration of time used in substance use research and is often defined
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as “recent” (e.g., Hedden et al., 2009; Walley et al., 2008). Substances used in the past 6 months
are noted in Table 1.
2.2.2. Latent class indicators. Substances used at a 20% prevalence rate or greater were included
in the latent class analysis. This method of using a 20% prevalence rate has been utilized in
previous studies (Monga et al., 2007; Harrell et al., 2012). Using this criteria five substance use
indicators were included in the analysis: cigarettes (95.1%), smoking marijuana and heroin in
combination (52.3%), smoking marijuana and cigarettes in combination (54.3%), using alcohol
(45.0%), and smoking crack cocaine (24.7%). As can be seen in Table 1, after smoking crack
cocaine, the next most prevalent substance was heroin, but this was used by less than 6% of the
sample.
2.2.3. Demographics, sexual risk behaviors, and disease status. Demographic variables were
used to examine the characteristics of individuals within classes. Dichotomous variables were
used for race (1 = Black), sex (1 = female), education (1 = high school diploma/GED or greater),
employment (1 = income from legal employment), and jail (1 = ever been incarcerated).
Previous research has indicated these factors are associated with substance use and infectious
disease among this population. General sexual risk behaviors included condom use at last sex
and transactional sex. Transactional sex is defined as ever having traded sex for money or drugs
(Floyd et al., 2010; Hedden et al., 2009; Hedden et al., 2011). Specific sexual risk behaviors
were identified with steady and casual partners that included alcohol use before or during sex
and drug use before or during sex. A casual sex relationship is defined as having sex with a
partner one has known for less than three months and a steady sex relationship is defined as
having sex with a partner one has known for greater than three months. Urinalysis results
included cannabinoids, opioids, and cocaine. Disease status for HIV and hepatitis C was
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determined by blood sample screening. The presence of sexually transmitted infections (STIs),
including: gonorrhea, syphilis, chlamydia, genital herpes, genital warts, or trichomoniasis were
recorded via self-report. This variable was collapsed into one and a dichotomous variable was
created for the presence of any 6 STI’s (1 = any 6 STIs).
2.3. Statistical analysis
All analyses were performed using Mplus 6.0 and SPSS 18.0. Descriptive statistics,
frequencies, and percentages were used to demonstrate the characteristics of the sample. Latent
class analysis (LCA) is a method of data reduction used to identify groupings of individuals that
illustrate similar patterns or profiles of behavior (McCutcheon, 1987). This method of analysis is
gaining popularity among substance abuse researchers (Harrell et al., 2011; Monga et al., 2007;
Schwartz et al., 2010).
In the current study, LCA was used to identify patterns of drug use behaviors among
recent drug users in Pretoria, South Africa. Because the number of classes was unknown, 5 drug
use indicator variables were entered into the LCA model beginning with one class and adding
classes incrementally to 6 classes. Each model was tested for fit using 3 separate measures. The
Bayesian Information Criteria (BIC) is interpreted such that the lowest value is considered the
best fit (Schwarz, 1978). The Lo-Mendell-Rubin adjusted likelihood ratio test (LMR; Lo et al.,
2001) and the parametric bootstrap likelihood ratio test (BLRT; McLachlan and Peel, 2000) both
provide comparisons between models, such that significant values indicate the model is an
improved fit over the model with less classes. Entropy values were also used to evaluate the
quality of classes indicated. Entropy values range from 0 to 1 with values closer to 1 representing
better quality and separation of classes (Ramaswamy et al., 1993). Entropy is not used as a
measure of fit, however lower entropy values associated with a given model may show that the

12
model is not illustrating groups with uniquely separate characteristics. Meaningfulness of
patterns of drug use was also considered in the selection of the final class structure.
As mentioned above, 5 drugs and/or combinations of drugs were used as indicator
variables that met the criterion of greater than 20% prevalence. All models were estimated using
maximum likelihood and a minimum of 500 random starts was used to ensure that global
maxima was reached (Mplus 6.0; Muthén and Muthén, 2010). If necessary, the number of starts
was increased until the log likelihood was replicated a minimum of five times. Mplus uses a full
information maximum likelihood estimation and assumes data is missing at random (Hogan,
Roy, & Korkontzelou, 2004; Schafer & Graham, 2002). Covariance coverage ranged from
0.900-0.993, well over minimum thresholds for adequate coverage (Muthén and Muthén, 2010).
2.4. Class associations
Once the appropriate number of classes was determined, a series of associations were examined
between class membership and demographic variables as well as the variables of interest. Classes
were assigned using most likely class membership (Kuramoto et al., 2011). Multivariate logistic
regression analyses were conducted using SPSS 18 (PASW, 2010) to illustrate associations
between class membership and variables listed in Section 2.2.3. Associations were adjusted for
age, sex, and race. Logistic regression models were also conducted using posterior possibilities
in Mplus. Findings for this analysis were similar to those found using the most likely class
membership approach.
3. Results
3.1. Class membership
A summary of fit statistics can be found in Table 2. Fit statistics for LCA models
specifying 2, 3, 4, and 5 classes were examined (Goodman, 1974). Monte Carlo simulations
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Table 2
Fit statistics and entropy for a latent class analysis of 5 substances used in the past 6 months among 409 South
African drug users
LLa
parameters
s.c. r.f. (f)e
Classes
BICb
LMRc
BLRTd
Entropy
f
f
f
-1154.97
5
NAf
1
2340.00
NA
NA
NA
-1033.67
11
.39 (160.3)
2
2133.49
p < .001
p < .001
.755
-1021.20
17
.26 (104.9)
3
2144.63
p = .003
p < .001
.638
-1014.17
23
.03 (14.0)
4
2166.65
p = .008
p < .001
.921
-1011.40
29
.01 (4.9)
5
2197.20
p = .107
p = 1.00
.848
a
Log Likelihood; b Bayesian Information Criteria; c Lo-Mendell-Rubin adjusted likelihood ratio test; d parametric
Bootstrap Likelihood Ratio Test; e smallest class relative frequency (frequency); f Not Applicable

suggest that a BLRT fares best overall in LCA (Nylund et al., 2007). In the current analysis, the
BLRT was statistically significant for classes 2, 3, and 4 (all p < 0.001). In this case, additional
fit statistics were used to help identify the number of classes that represent the best fit to the data.
Although the lowest BIC was associated with a 2-class model (BICs: baseline = 2340.00, twoclass = 2133.49, three-class = 2144.63, four-class = 2166.65, five-class = 2197.20) the difference
between BIC scores for 2, 3, and 4 classes was small. This may not be sufficient evidence for
selecting a 2-class solution (Raferty, 1995; Monga et al., 2007). The 4-class solution showed
improvement over the baseline solution and had a statistically significant LMR test (LL =
1014.17, p < 0.008). A higher entropy value of 0.92 for a 4-class solution compared to the 3class solution (0.64) was also considered in the final class selection. As mentioned above, an
entropy value closer to 1.0 indicates greater classification quality. Finally, the 4-class solution
was chosen for meaningfulness, simplicity of interpretation, and context specific epidemiology.
The resultant class names are reflective of the highest prevalence of substance use in the group
besides cigarettes, due to the ubiquity of cigarette use (used by over 95% of the sample). This
practice of naming classes has been utilized in other studies using LCA in substance use research
(Harrell et al., 2012; Kuramoto et al., 2011). A complete list of estimated probabilities for classes
can be found in Table 3. Figure 1 displays a graphical depiction of substance use by latent class.
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70%

MJ+Cig (n=167, 40.8%)
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Cigarettes
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Substance Use Indicators

Figure 1. Four class solution of a latent class analysis of 409 polysubstance users in Pretoria, South Africa. Estimated probabilities for past six-month drug use
are graphed based on latent class membership.

Table 3
Estimated probabilities (with standard errors) of past 6 month drug use from the 4-class most likely class membership.
Drug and Route of
Administration
Marijuana and cigarettes
Marijuana and heroin
Alcohol
Cigarettes alone
Crack

Class 1
MJ+Cigs
(40.8%) n=167
92.6 (2.7)
13.9 (3.6)
77.7 (3.7)
99.4 (1.5)
2.4 (1.6)

Class 2
MJ+Her
(30.8%) n=126
15.1 (4.6)
97.1 (2.9)
23.0 (3.8)
100.0 (0.0)
0 (0.0)

Class 3
Crack
(24.7%), n=101
34.0 (5.4)
68.9 (5.2)
26.4 (4.8)
94.9 (2.2)
100.0 (0.0)

Class 4
Low Use
(3.7%) n=15
50.6 (14.0)
35.2 (13.7)
23.0 (14.6)
0.0 (0.0)
0.0 (0.0)
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Class 1 consisted of 40.8% (n = 167) of the sample. The use of marijuana and cigarettes
had the highest probability in this class (92.6%). Members of this class also had a 13.9%
probability of smoking marijuana and heroin together, 77.7% drank alcohol, all smoked
cigarettes alone, and none smoked crack. This class is labeled “MJ+Cig.”
Class 2 consisted of 30.8% (n = 126) of the sample. Besides cigarettes, the greatest
substance use in this class was smoking marijuana and heroin together (97.1%). Members of this
class also had a probability of 15.1% for smoking marijuana and cigarettes, 23.0% for using
alcohol, 100% for smoking cigarettes alone, and no crack use. This class is labeled “MJ+Her.”
Class 3 consisted of 24.7% (n = 101) of the sample. All members of this class smoked
crack (100%). Additional substance use probabilities in this group were as follows: 34.0%
smoked marijuana and cigarettes, 68.9% smoked marijuana and heroin, 26.4% drank alcohol,
and 94.9% smoked cigarettes. This class is labeled “Crack.”
Class 4 consisted of 3.7% (n = 15) of the sample. The highest substance use in this class
was smoking marijuana and cigarettes together (50.6%), followed by marijuana and heroin
(35.2%) and alcohol use (23.0%) with 0% probabilities of cigarettes or crack alone. This class is
labeled “Low Use.” Due to the size of this class sample, the “Low Use” class was not included in
the class associations analyses. To address concerns regarding the “Low Use” class, we re-ran
the analysis including only cigarette smokers. As expected, we found that a 3-class solution
provided the best fit, as determined by BIC, LMR, and BLRT. The remaining 3 classes, similar
to the 4-class solution, included a class with high probability for marijuana and cigarettes usage,
a class with high probability for marijuana and heroin usage, and a class with high probability for
crack usage.
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3.2 Characteristics of classes
Associations between latent class membership and characteristics of drug users can be
found in Table 4.
3.2.1. Demographics. Latent classes were compared on demographics, urinalysis, sexual risk
behavior, and disease status. Significant differences were found between classes on all but three
demographic characteristics: race, education, and jail. Individuals in the MJ+Cig class were less
likely to be female and 3 times more likely to have been in jail than the Crack class. Individuals
in the MJ+Cig class were 1.6 times more likely to be over 24 years old than individuals in the
MJ+Her class. Individuals in the Crack class were 2.2 times more likely to be female, 2.1 times
more likely to be older than 24, and 2.6 times more likely to have spent time in jail compared to
the MJ+Her class.
3.2.2. Drug use urinalysis. Results from urinalyses were used to verify self-report of drug use
and, thereby class membership. Individuals in the MJ+Cig class were less likely to test positive
for opioids and cocaine than the Crack class. The MJ+Cig class was less likely to test positive
for cannabinoids, opioids, and cocaine than the MJ+Her group. Lastly, individuals in the Crack
group were 10.7 times more likely to test positive for cocaine than the MJ+Her group.
3.2.3. Sexual risk behaviors. Compared to the Crack class, the MJ+Cig class was less likely to
have engaged in transactional sex. The MJ+Cig group was 6.7 times more likely to use alcohol
before or during sex with steady partners, and 3 times more likely to use drugs before or during
sex with steady partners than the Crack group. The MJ+Cig group was 16 times more likely to
use alcohol before or during sex with steady partners compared to the MJ+Her class.
Individuals in the Crack group were 1.7 times more likely to use a condom at last sex
than the MJ+Her group and were 6.1 times more likely to engage in transactional sex. The Crack

Table 4
Associations between latent class membership and characteristics of drug users in Pretoria, South Africa1
MJ+Cig vs. Crack2

MJ+Cig vs. MJ+Her2

Crack vs. MJ+Her2

Demographics
Black race
1.10 (0.41-3.01)
0.74 (0.26-2.08)
0.52 (0.16-1.67)
Female Sex
0.45 (0.27-0.76)**
0.96 (0.60-1.54)
2.23 (1.28-3.89)**
24 years and older
0.80 (0.48-1.33)
2.13 (1.23-3.67)**
1.57 (0.98-2.51)†
Education
0.69 (0.38-1.27)
0.92 (0.51-1.67)
1.40 (0.73-2.68)
Employment
4.17 (0.50-34.48)
--Jail
3.09 (1.78-5.37)***
0.42 (0.51-1.33)
2.58 (1.44-4.63)***
Drug Use Urinalysis
Positive for cannabinoids
0.42 (0.21-0.86)
0.20 (0.08-0.47)***
.44 (0.16-1.21)
Positive for opioids
0.06 (0.03-0.13)***
0.06 (0.03-0.11)***
.75 (0.37-1.52)
Positive for cocaine
0.02 (0.01-0.04)***
0.22 (0.12-0.41)***
10.67 (5.35-21.26)***
Sex Risk Behaviors3
Consistent condom use
0.84 (0.49-1.46)
1.32 (0.78-2.25)
1.55 (0.84-2.85)
Condom at last sex
0.64 (0.37-1.12)
1.16 (0.72-1.87)
1.74 (0.97-3.15)†
Transactional sex
0.17 (0.08-0.36)***
0.95 (0.47-1.90)
6.12 (2.59-14.46)
Steady partner
Alcohol before/during sex
6.65 (2.80-15.78)***
16.00 (5.43-47.18)***
2.69 (0.72-10.07)
Drug use before/during sex
2.99 (1.44-6.22)**
1.28 (0.63-2.59)
0.44 (0.21-0.93)*
Casual partner
Alcohol before/during sex
5.23 (0.93-29.50)†
--Drug use before/during sex
---Disease Status
Any 6 STD
0.69 (0.22-2.20)
1.16 (0.42-3.20)
1.61 (0.45-5.68)
Hepatitis C
0.33 (0.07-1.46)
0.55 (0.13-2.33)
1.53 (0.30-7.91)
HIV
0.78 (0.45-1.35)
0.89 (0.52-1.52)
1.14 (0.64-2.03)
1
Associations are given as adjusted odds ratios with 95% confidence intervals in parentheses. 2Indicates reference class within column associations. Adjusted for
age, sex, and race. 3Refers to past 6 month behavior; †p < .10; *p < .05; **p < .01; *** p < .001.
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group was less likely to use drugs before or during sex with steady partners than the MJ+Her
group.
The MJ+Cig class was 5.2 times more likely to use alcohol before or during casual sex
than the Crack class. Regression analyses were considered for the remainder of comparisons
among casual partners, however these associations could not be successfully conducted due the
low response rates within these variables.
3.2.4. Disease status. The prevalence rates of HIV, hepatitis C, and any 6 STIs in the current
study were 36.2% (n = 148), 4.2% (n = 17), and 5.6% (n = 23) respectively. No significant
associations were found between classes and disease status in the current study population.

4. Discussion
4.1. Review of major findings
As several studies have used LCA among populations of substance users in the United
States (Harrell et al., 2012; Kuramoto et al., 2011; Schwartz et al. 2010), to our knowledge the
current study is the first of its kind to identify patterns of polysubstance use among drug users in
the Pretoria region of South Africa as well as the first study to examine risk factors associated
with HIV exposure and possible transmission. Applied to the current study, the use of latent class
analysis illustrates the degree and kind of substance use in this population.
With respect to sexual risk behaviors, the Crack group was more likely to engage in
transactional sex than both the MJ+Cig group and MJ+Her group, yet they are also more likely
to use condoms at last sex compared the MJ+Her group. This finding supports previous research
that identifies successful outcomes in educational interventions that target increasing condom use
among high-risk populations. Specifically, Hedden et al. (2011) found that women in South
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Africa who traded sex were more likely to use condoms at last sex than at their first sexual
encounter. However, the MJ+Cig group was more likely to use alcohol before or during sex with
casual partners than the Crack group. Research has noted the importance of considering coping
strategies and psychosocial factors among South Africans related to substance use and sexual
risk behavior, particularly among sex workers (Floyd et al., 2010; Needle et al., 2008).
One intriguing finding in the current study is that drug and/or alcohol use before or
during sex with a steady partner may be an area of intervention that needs closer attention.
Specifically, individuals in the MJ+Cig group were significantly more likely to use alcohol
before or during sex with steady partners than both the Crack and MJ+Her group. In addition,
individuals in the MJ+Cig and MJ+Her group were more likely to use drugs before or during
sex with steady partners than the Crack group. As previous work has identified the possible
success of educational interventions that target sex workers in South Africa (Hedden et al.,
2011), the current study suggests that interventions be tailored to substance users who do not
engage in transactional sex, but engage in high-risk behaviors with steady partners. For example,
the MJ+Cig group was less likely to engage in transactional sex than the Crack group, but more
likely to use alcohol and drugs before/during steady sex and more likely to use alcohol before or
during casual sex than the Crack group. Likewise, the MJ+Cig group was more likely to use
alcohol before/during steady sex than the MJ+Her group. Taken together, these findings indicate
that interventions should target substance users who are not engaging in transactional sex.
Interestingly, because sexual risk behavior in the current study occurs with steady
partners, it may indicate that individuals feel “safe” when having sex with these partners. That is,
if an individual comes to the conclusion that his or her current sexual partner is “safe” he or she
may be more open to engaging in high risk sexual behaviors such as unprotected sex and alcohol
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use before or during sex – all of which increase the likelihood of exposure to blood-borne
illnesses such as HIV. This may be particularly true of individuals in steady relationships. For
example, in a study of serodiscordant couples, those who reported recent substance use were
over two times as likely to have had unprotected sexual episodes than couples where both
partners did not report recent substance use. In addition, drug dependent partners were three and
half times more likely to engage in recent unprotected sexual episodes than in couples where
neither partner was drug dependent (National Institute of Mental Health Study, 2010). This
behavior is troublesome given the risk of HIV transmission among substance users in a region
where rates of HIV infection are high.
The current study not only indicates patterns of substance use among this population, but
also identifies the most common ROA for illicit drugs use as smoking their substance of choice.
This finding is consistent with others who have noted smoking as the most common ROA of
illicit drug use in South Africa (Parry et al., 2002). More specifically, almost all participants
(95.1%) in the current study reported smoking cigarettes alone. This is of notable concern given
that smoking among substance abusers is associated with substantial adverse outcomes including
respiratory, cardiovascular, nose-throat, and gastrointestinal complaints, as well as higher rates
of mortality (Hser et al., 1994; Hurt et al., 1996; Patkar et al., 2005; Patkar et al., 2002). Not only
do these findings suggest that substance use intervention programs should target smoking
cessation, but that the intervention should be targeted toward the specific substances used in
combination. For example, an intervention designed to reduce smoking among MJ+Cig users
may look different from a smoking reduction intervention for MJ+Her or Crack users with the
latter including more emphasis on the reduction of more deleterious drug use such as heroin and
crack.
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Lastly, the LCA illustration in the current study can be used to inform interventions that
specifically address the needs of these polysubstance users. Due to the strong link between
substance use and sexually transmitted diseases, these findings have important implications for
HIV primary and secondary transmission prevention interventions, especially in a part of the
world that contains the greatest number of individuals living with HIV/AIDS. In South Africa
the most prevalent transmission route of HIV is through heterosexual sex (Chopra et al., 2009;
Heymann and Edstrom, 1991; Hunter, 1993). Given that substance use results in reductions in
protective behaviors during sex, risk for transmission is elevated. Given these study findings,
more work is needed to address sexual risk behaviors – specifically the use of substances before
or during sex – among steady partners in this population.
4.2. Limitations and strengths
The current study is the first of its kind to identify patterns of substance use among a
high-risk and often hard to reach sample. Although the current study offers valuable
contributions to the literature, there are several limitations that must be noted. First, the current
study is cross-sectional in nature and as such conclusions regarding causality or temporal order
of variables investigated here should be reserved for longitudinal or experimental designs.
Second, the current study used community-based sampling and word of mouth to recruit
participants. This approach may result in non-random sampling and as a result has limited
generalizability. In addition, the use of self-report for STIs other than HIV may result in an
under-representation of the actual incidence of STIs in the sample. The findings discussed here
may only be applicable to similar drug using populations in comparable regions of South Africa.
In particular, smoking cigarettes and smoking as a ROA is ubiquitous in the current study sample
and findings here have limited generalizability to samples where smoking is not the ROA.
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It must also be noted that the latent class structure that is illustrated in the current study is
subject to interpretation and is not absolute in nature. Alternate decision-making in inclusion
variables may result in a different pattern of class structure. In addition, LCA assumes that the
variables included in each class are independent of one another and, in fact, this may not be the
case. For example, someone who smokes marijuana and cigarettes together may be more likely
to smoke other substances together such as marijuana and heroin. However, LCA is a useful
method for identifying patterns of behavior and indicate where further study is needed. Lastly,
the multivariate regression analysis used here does not eliminate the possibility of
intercorrelations influencing the associations between classes. It is noted that a multinomial
logistic regression analysis is superior to the current design, but may be best suited to a sample
with larger class sizes. Notwithstanding these study limitations, the current study has several
strengths including the use of urinalyses to verify self-report of recent drug use among high-risk
individuals drawn from a hard to reach population of polysubstance users in South Africa, an
area of limited research knowledge.
4.3. Implications
The use of LCA in this population at high-risk for HIV helps to identify patterns of
substance use in need of further targeted intervention programs. Specifically, the findings
described in the current study suggest that substance use before or during sex with steady
partners may be associated with reductions in protective behaviors among vulnerable
populations. Future longitudinal research should address this concern to explore the possibility of
causal relationships. Findings also indicate that among this population of polysubstance users,
smoking is the most common route of administration and should be targeted as a means to
potentially reduce the overall appeal of substance use.
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