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Abstract
Understanding how sexual behaviors cluster in distinct population subgroups along the life course is critical for effective 
targeting and tailoring of HIV prevention messaging and intervention activities. We examined interrelatedness of sexual 
behaviors and variation between men and women across a wide age range in a rural South African setting with a high HIV 
burden. Data come from the Ha Nakekela population-based survey of people aged 15–85-plus drawn from the Agincourt 
Health and Socio-Demographic Surveillance System. We used latent class analysis of six sexual behavior indicators to iden-
tify distinct subgroup sexual behavior clusters. We then examined associations between class membership and sociodemo-
graphic and other behavioral risk factors and assessed the accuracy of a reduced set of sexual behavior indicators to classify 
individuals into latent classes. We identified three sexual behavior classes: (1) single with consistent protective behaviors; 
(2) risky behaviors; and (3) in union with lack of protective behaviors. Patterns of sexual behaviors varied by gender. Class 
membership was also associated with age, HIV status, nationality, and alcohol use. With only two sexual behavior indicators 
(union status and multiple sexual partners), individuals were accurately assigned to their most likely predicted class. There 
were distinct multidimensional sexual behavior clusters in population subgroups that varied by sex, age, and HIV status. In 
this population, only two brief questions were needed to classify individuals into risk classes. Replication in other situations 
is needed to confirm these findings.
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Introduction

Information about sexual behaviors across the life course and 
how behaviors vary by subgroups is critical to informing the 
targeting and prioritization of at-risk groups and designing 
prevention messaging and interventions to improve sexual 
health. Increasing evidence shows that individuals are at risk 
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of HIV acquisition throughout the life course—including at 
older ages (Houle et al., 2018; Rosenberg et al., 2017). How-
ever, most studies examine individual risk and protective fac-
tors, such as condom use at last sex, instead of considering 
how sexual behaviors cluster together and vary across the 
life course by distinct subgroups in the population, such as 
gender. Studies suggest that patterns of health behaviors are 
driven by events and decisions made at different life stages, as 
well as by social experiences, contexts, and disparities (Cock-
erham, 2005). Structural and social factors influence sexual 
behaviors—with differential effects across age and gender 
(Mojola, Williams, Angotti, & Gómez-Olivé, 2015)—includ-
ing gender norms, migration, and socioeconomic changes 
(Wellings et al., 2006). Similarly, inequalities in HIV burden 
persist due to social contexts including limited healthcare 
access and gender inequalities (Joint United Nations Pro-
gramme on HIV/AIDS (UNAIDS), 2014). Greater evidence 
is needed to understand the clustering of sexual behaviors in 
distinct population subgroups, along with the social drivers 
of these patterns and their link to HIV risk.

Most studies that have examined clusters across multiple 
sexual behavior indicators have been in high-income countries 
(Akers et al., 2016; Cochran, de Leeuw, & Mays, 1995; Daniel-
son et al., 2014; Dariotis et al., 2008; Davies et al., 2014; Hall-
fors, Iritani, Miller, & Bauer, 2007; Halpern et al., 2004; Hay-
don, Herring, & Halpern, 2012; Mackesy-Amiti et al., 2014; 
Masters, Beadnell, Morrison, Hoppe, & Wells, 2013; Masters 
et al., 2015; McMahon, Stanforth, Devieux, & Jean-Gilles, 
2016; Mustanski et al., 2013; Noor, Ross, Lai, & Risser, 2014; 
Pflieger, Cook, Niccolai, & Connell, 2013; Vasilenko, Kugler, 
Butera, & Lanza, 2015; Waller et al., 2006; Wu, Witkiewitz, 
McMahon, & Dodge, 2010) (see Supplementary Figure 1 and 
Supplementary Table 1). Of the studies in sub-Saharan Africa, 
most have focused on adolescents (Cederbaum, Gilreath, & 
Barman-Adhikari, 2014; Tibbits, Caldwell, Smith, Vergnani, 
& Wegner, 2016) and young adults (Carrasco, Nguyen, & 
Kaufman, 2018; Wechsberg et al., 2012) or men or women 
only (Carrasco et al., 2018; Wechsberg et al., 2012, 2017). To 
the best of our knowledge, no studies have examined sexual 
behavior clusters in a high HIV prevalence setting in a large 
sample of both men and women across a wide age range.

South Africa, with the world’s largest HIV burden and 
antiretroviral therapy program (UNAIDS, 2016), represents 
a crucial setting for greater knowledge of interrelated sexual 
behaviors and HIV risk. Evidence from former apartheid 
homeland areas, such as the Agincourt Health and Socio-
Demographic Surveillance site (Agincourt) in rural northeast 
South Africa, highlights the links between social contexts and 
inequalities in HIV burden and circumstances supporting safer 
sexual behaviors (Mojola et al., 2015). Agincourt has been 
impacted by high AIDS-related mortality (Kabudula et al., 
2017a) and persistent socioeconomic mortality differentials 
(Kabudula et al., 2017b). Norms of hegemonic masculinity 

have been linked to increased HIV risk, multiple sexual part-
nerships, and interpersonal violence (Gorbach, Drumright, & 
Holmes, 2005; Hunter, 2007; Varga, 2003). Limited employ-
ment opportunities have led to high levels of labor migration 
(Clark, Collinson, Kahn, Drullinger, & Tollman, 2007; Kahn 
et al., 2012), thereby impacting relationships (Lurie et al., 
2003; Mojola et al., 2015).

We used the Ha Nakekela population-based survey of men 
and women aged 15–85-plus in Agincourt to examine the inter-
relatedness of sexual behaviors, variation in behavior clusters 
between men and women, and how clustering of sexual behav-
ior across age-groups is influenced by sociodemographic and 
behavioral factors, as well as HIV sero-status.

We used latent class analysis (LCA) to investigate how 
individuals reporting any sexual partners in the 2 years prior 
to the survey fall into distinct subgroups/classes with dif-
ferent sexual behavior patterns and evaluated subgroup dif-
ferences between men and women. We then controlled for 
sociodemographic and behavioral covariates and examined 
the effect of gender, age, and HIV status on class member-
ship. Finally, for future screening purposes, we explored how 
accurately a reduced set of sexual behavior indicators identi-
fied class membership.

Method

Participants

Data come from the Agincourt Health and Socio-Demographic 
Surveillance System (AHDSS). The AHDSS conducts an 
annual census of the population, collecting information on all 
vital events as well as sociodemographic statuses (Kahn et al., 
2012). At the time of the study, the population under surveil-
lance comprised approximately 90,000 people in 27 villages.

The Ha Nakekela survey was conducted in 2010–2011. It 
included measures of HIV, non-communicable disease risk 
factors and biomarkers, and lifetime and recent (past 2 years) 
sexual behaviors and partners (Gómez-Olivé et al., 2013; 
Houle et al., 2018). The study targeted a random, sex-age 
stratified sample of 7662 individuals, including an oversample 
of older adults, who were resident in 2009 in the AHDSS, of 
whom 4362 constituted the final analytic sample and 3541 
reported at least one sexual partner in the past 2 years.

Measures

Sexual Behavior Indicators

We included respondent formal or informal union status 
(based on the 2009 AHDSS census, where formal union 
includes those who are married with lobola (bridewealth) and 
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informal union includes those couples living together without 
lobola), self-reports of ever having been diagnosed with a 
sexually transmitted infection (STI, excluding HIV) and, in 
the past 2 years: total number of sexual partners; proportion 
of partners with whom a condom was used ‘mostly/always’; 
proportion of partners whose HIV status was known the first 
time they had sex; and whether any partner was casual/anony-
mous (compared to regular).

Sociodemographic and Behavioral Factors

We included sociodemographic factors of: gender, age, edu-
cation level, tertile of household socioeconomic status, and 
nationality (South African or Mozambican/Other) from the 
2009 census (Kabudula et al., 2017b). (About a quarter of the 
population in the 2009 census were former refugees of the 
Mozambican civil war.) We also included respondent’s HIV 
status from the survey biomarker test, self-report of ever hav-
ing an HIV test, and alcohol consumption in the past month.

Statistical Analysis

In each of our LCAs, we fit a series of models that included 
2–6 classes. We evaluated model fit using a variety of criteria, 
focusing primarily on the Bayesian Information Criterion 
(BIC) to select a parsimonious model, as it penalizes model 
complexity more than other measures (Nylund, Asparouhov, 
& Muthén, 2007). To identify the number of latent classes, 
we selected the best model according to the BIC and exam-
ined the resulting classes for substantive differences and 
interpretation. For each respondent and class, LCA estimated 
the probability that the respondent was a member of that 
class. It also provided a variable assigning the respondent to 
the most likely class.

We began by fitting a series of models of the six sexual 
behavior indicators defined above to the total population. We 
next fit sex-specific models to test whether men and women 
were best represented by the same number of classes. Then, to 
test for differences between men and women, we fit a multigroup 
LCA model. This model allowed us to test for measurement 
invariance between men and women. To test for full measure-
ment invariance, we compared the fully unconstrained model 
(all item-response probabilities (the probability of responding 
yes to each item given class membership) could vary by sex) 
with the fully constrained model (all item-response probabilities 
constrained to be the same for men and women) using a chi-
square difference test (Satorra & Bentler, 2010). To test for par-
tial measurement invariance, we substantively reviewed differ-
ences between men and women on item-response probabilities 
for each indicator in the fully unconstrained model, subsequently 
allowing gender-specific direct effects if there was substantive 
variation across gender and class and holding the remaining 

probabilities equal by gender. We selected the resulting (partial) 
measurement invariant model as the final LCA model.

We included the sociodemographic and behavioral variables 
defined above in a one-step, complete case LCA multinomial 
logistic regression with direct effects by gender to predict the 
probability of latent class membership. We tested two-way 
interactions between gender and age, gender and HIV status, 
and age and HIV status. Since the conditional item-response 
probabilities may be driven by inclusion of covariates and direct 
effects, we compared the conditional model (with covariates 
and direct effects) with the unconditional model to ensure the 
model-building process did not change the substantive meaning 
of class formation.

We tested the sensitivity of our results to the inclusion of 
other indicators, including ever having an HIV test and indica-
tors based on just the most recent partner, including: age dif-
ference from respondent, discussed HIV before first sex, and 
condom use at last sex. Finally, we examined whether behaviors 
clustered differently by HIV status. Our results did not change 
substantively in these alternative models. We preferred our final 
model as it included information across all sexual partners in 
the past two years.

Finally, to determine whether a reduced set of sexual behav-
ior indicators could accurately classify individuals into their 
most likely predicted class (based on the highest posterior prob-
ability), we used simplified measures of the most discriminat-
ing indicators (based on substantive review of large differences 
in item-response probabilities between classes and high or low 
item-response probabilities) to predict class membership; we 
then summarized the results using sensitivity and specificity 
estimates, and positive and negative predictive values (Akob-
eng, 2006). All analyses were completed using Mplus 8.

Results

Sexual Behavior Classes

The LCA model fitting indicated a three-class solution for 
the whole population according to BIC and substantive 
interpretation and for gender subpopulations (Supplemen-
tary Figure 2), suggesting that the latent structure did not 
differ by gender. Comparing the unconstrained multigroup 
LCA model (LL: − 11,088.825; df(59); BIC = 22,653.334) 
to the constrained model (LL: − 11,162.476; df(32); 
BIC = 22,582.950) indicated a lack of measurement 
invariance between men and women (p < .001). Allowing 
union status, then number of sexual partners, then past 
STI diagnosis probabilities to vary by gender achieved 
partial measurement invariance (LL: − 11,107.783; df(40); 
BIC = 22,538.064; p = .078). We chose this as our final 
measurement model. This model suggests that the pat-
tern of behaviors in Class 1 is the same for both men and 
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women, but there are some differences by gender in sexual 
behavior patterns in Classes 2 and 3.

Figure 1 shows the conditional probabilities for each 
sexual behavior indicator by most likely predicted class 
membership (also shown in Supplementary Table 2). We 
summarize each class using the following descriptive labels.

Class 1: Single with Consistent Protective Behav-
iors. Class 1 was the second largest group (25%) and had 

near-zero probability of being in a union/married. Compared 
to the other classes, Class 1 reported the highest probability 
of “mostly/always using a condom” with their partners (63%) 
and also the highest probability of always knowing their 
partner’s HIV status before they first had sex (17%). Class 1 
also had a high probability of having mainly regular (74%) 
versus casual/anonymous partners and having one sexual 
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Fig. 1   Conditional probabilities of each sexual behavior by Class, 
Agincourt, South Africa 2010–2011 (n = 3173). Results based on 
a three-class LCA model in which the probabilities of union status, 
number of sexual partners, and past STI diagnosis varied by gender 
for Classes 2 and 3. In union means the respondent is in a formal 

[those who are married with lobola (bridewealth)] or informal (those 
couples who are living together without lobola) union. Class 1: Sin-
gle with Consistent Protective Behaviors; Class 2: Risky Behaviors; 
Class 3: In Union with Lack of Protective Behaviors
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partner in the past 2 years (94%). There were no differences 
in the indicators between men and women.

Class 2: Risky Behaviors. Class 2 represented 15% of the 
sample. Class 2 included a mix of condom use behaviors, with 
a 12% probability of “mostly/always using a condom” with 
all partners and a 46% probability of “mostly/always using a 
condom” with some partners. They had a low (4%) probability 
of always knowing their partner’s HIV status before they first 
had sex and a 71% probability of having at least one casual 
partner in the past 2 years. There were differences in some 
indicators by gender: compared to women, men had higher 
probabilities of ever being diagnosed with an STI (men = 28%; 
women = 17%), having 3 or more sexual partners in the past 
2 years (men = 34%; women = 23%), and being in a union 
(men = 31%; women = 6%).

Class 3: In Union with Lack of Protective Behaviors. 
Class 3 was the most common group, representing over half 
the sample. Class 3 had a low probability of “mostly/always 
using a condom” with all partners and knowing their part-
ner’s HIV status before they first had sex. They had an almost 
100% probability of having only regular partners in the past 
2 years. There were slight differences in indicators by gender: 

compared to women, men had higher probabilities of being in 
a union (men = 79%; women = 75%), having two partners in the 
past 2 years (men = 6%; women = 0%), and ever having been 
diagnosed with an STI (men = 18%; women = 11%).

Associations with Latent Class Membership

We next estimated the model including sociodemographic and 
behavioral covariates. An interaction between age and HIV 
status significantly improved model fit ( ΔBIC = − 35.278; 
p = .014), resulting in the final model.

Table 1 shows sociodemographic characteristics by most 
likely predicted sexual behavior class based on the final 
model. Table 2 shows adjusted odds ratios of being in Classes 
1 or 2 compared to Class 3. Those born in South Africa were 
more likely to be in Class 1 (OR = 1.76 [95% CI 1.31–2.36]) 
or 2 (OR = 1.68 [95% CI 1.24–2.29]) than in Class 3, com-
pared to non-South Africans. Those who consumed alco-
hol 1–3 days per month (OR = 1.90 [95% CI 1.19–3.05]) or 
weekly (OR = 2.54 [95% CI 1.40–4.63]) had a higher likeli-
hood of being in Class 2 than in Class 3, compared to those 
reporting no alcohol use. Those with the highest education 

Table 1   Sociodemographic 
and behavioral characteristics 
by most likely predicted class 
membership (n = 3173)

Class 1: Single with Consistent Protective Behaviors; Class 2: Risky Behaviors; Class 3: In Union with 
Lack of Protective Behaviors

Overall Class 1 Class 2 Class 3 p value

Population share 3173 1039 (33%) 474 (15%) 1660 (52%)
Gender
 Female 1850 (58%) 682 (37%) 126 (7%) 1042 (56%) < .0001
 Male 1323 (42%) 357 (27%) 348 (26%) 618 (47%)

HIV
 Negative 2269 (72%) 638 (28%) 327 (14%) 1304 (58%) < .0001
 Positive 904 (28%) 401 (39%) 147 (16%) 356 (45%)

Age [Mean (SD)] 38 (16.0) 29 (9.7) 30 (12.0) 47 (15.4) < .0001
Nationality
 Elsewhere 1002 (32%) 301 (30%) 146 (15%) 555 (55%) .049
 South African 2171 (68%) 738 (34%) 328 (15%) 1105 (51%)

Ever tested for HIV
 No 1264 (40%) 367 (29%) 227 (18%) 670 (53%) < .0001
 Yes 1909 (60%) 672 (35%) 247 (13%) 990 (52%)

Education level (in years)
 0 years 548 (17%) 75 (14%) 32 (6%) 441 (80%) < .0001
 1–11 years 1992 (63%) 702 (35%) 350 (18%) 940 (47%)
 12+ years 633 (20%) 262 (41%) 92 (15%) 279 (44%)

Household assets
 Lowest quintile 1178 (37%) 407 (34%) 198 (17%) 573 (59%) .007
 Middle quintile 1010 (32%) 338 (33%) 137 (14%) 535 (53%)
 Highest quintile 985 (31%) 294 (30%) 139 (14%) 552 (56%)

Alcohol consumption (per month)
 None 2470 (78%) 844 (34%) 254 (10%) 1372 (56%) < .0001
 1–3 days per month 341 (11%) 108 (32%) 100 (29%) 133 (39%)
 Weekly 362 (11%) 87 (24%) 120 (33%) 155 (43%)
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were more likely to be in Class 3 relative to those with no 
education, while SES was not associated with class member-
ship. Men were more likely to be in Class 1 or 2 than in Class 
3 compared to women.

Figure 2 shows predicted probabilities of class member-
ship by gender, age, and HIV status. For HIV-negative men, 
Class 1 had the highest probability until their late twenties, 
and Class 3 had the highest probability in their early-midthir-
ties. Class 2 had the second highest probability at all ages. For 
HIV-positive men, Class 2 had the highest probability until 
their late twenties, and Class 3 had the highest probability in 
their early-midforties. Class 1 had the second highest prob-
ability at all ages. For HIV-negative women, the class with 
the highest probability changed from Class 1 to Class 3 in 
their mid-late twenties, with a low probability of being in 
Class 2 across all ages. For HIV-positive women, the class 

with the highest probability of membership changed from 
Class 1 to Class 3 in their midthirties, with a relatively higher 
probability of being in Class 2 until their mid-late twenties 
compared to HIV-negative women.

Since the LCA model is restricted to those reporting any 
sexual partners in the past 2 years, Fig. 3 presents the prob-
abilities of being in one of the latent classes or reporting no 
sexual partners in the past 2 years, by gender, age, and HIV 
status. Women in older ages reported a higher probability 
of no sexual partners compared to men, regardless of HIV 
status. HIV-positive women reported slightly higher prob-
abilities of no sexual partners at ages 35–64 compared to 
HIV-negative women.

Finally, we tested the ability of a reduced set of sexual 
behavior indicators to accurately classify individuals into 
their most likely predicted class—selecting union status and 
whether the respondent reported one or more than one sexual 
partner. This was based on assessing the most discriminating 
indicators in terms of high and low item-response probabili-
ties across classes. Reporting multiple partners was 100% in 
Class 2 and very low in Classes 2 and 3. Conversely, being in 
a union was high in Class 3 and very low in Class 1. Assign-
ing to Class 1 those reporting one partner and not being in a  
union yielded sensitivity of .96 and specificity of .92. Assign-
ing to Class 2 those reporting more than one sexual partner 
yielded sensitivity of 1.0 and specificity of .97. Assigning 
to Class 3 those reporting one sexual partner and being in a 
union yielded a sensitivity of .86 and specificity of 1.0. Posi-
tive and negative predictive values are presented in Table 3.

Discussion

This study is among the first to examine clusters of sexual 
behavior across gender and a wide age range in a high HIV 
prevalence setting. The vast majority of young individuals 
were characterized by being single with consistent protective 
behaviors, and the majority of older adults were characterized 
by being in a union which lacked protective behaviors. Clus-
ters of sexual behaviors also varied significantly by age, gen-
der, and HIV status. Shifts in the most common class, from 
single and consistent protective behaviors (Class 1) or risky 
behaviors (Class 2) to being in union with lack of protective 
behaviors (Class 3), occurred at later ages for HIV-positive 
compared to HIV-negative individuals. Being in the risky 
behaviors class was associated with alcohol use (Carrasco, 
Esser, Sparks, & Kaufman, 2016) and was more prevalent 
among young and middle-aged men compared to women.

Gender differences in the sexual behavior classes suggests 
that men and women vary in ‘who’ they partner with but not 
‘how,’ underscoring the importance of an individual’s relation-
ship status (Logan, Cole, & Leukefeld, 2002). For instance, 
the risky behaviors class represents a small group of almost 

Table 2   LCA multinomial logistic regression with direct effects 
(n = 3173). Class 3 is the reference group

Class 1: Single with Consistent Protective Behaviors; Class 2: Risky 
Behaviors; Class 3: In Union with Lack of Protective Behaviors

Class 1 Class 2

OR 95% CI OR 95% CI

Gender
 Female (base)
 Male 1.83 [1.27–2.65] 7.59 [4.79–12.01]

HIV
 Negative (base)
 Positive 0.08 [0.01–0.91] 0.95 [0.29–3.10]

Age 0.84 [0.76–0.93] 0.88 [0.86–0.90]
Nationality
 Elsewhere (base)
 South African 1.76 [1.31–2.36] 1.68 [1.24–2.29]

Ever tested for HIV
 No (base)
 Yes 0.71 [0.54–0.93] 0.84 [0.62–1.13]

Education level (in years)
 0 years (base)
 1–11 years 0.47 [0.27–0.82] 0.59 [0.34–1.03]
 12+ years 0.56 [0.32–0.96] 0.46 [0.24–0.88]

Household assets
 Lowest quintile (base)
 Middle quintile 1.16 [0.83–1.62] 1.16 [0.79–1.69]
 Highest quintile 0.93 [0.69–1.25] 0.82 [0.58–1.16]

Alcohol consumption (per 
month)

 None (base)
 1–3 days per month 1.36 [0.87–2.11] 1.90 [1.19–3.05]
 Weekly 1.33 [0.61–2.91] 2.54 [1.40–4.63]

Interaction
 Age * HIV 1.11 [1.01–1.22] 1.02 [0.98–1.05]
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entirely single women, but represents a larger group of some 
men, only some of whom are in a union. As evidence indicates 
that women tend to have older partners and men younger part-
ners (Houle et al., 2018), this suggests that women in a union 
with lack of protective behaviors are at risk of HIV due to 
low rates of condom use with their male partners. Conversely, 
women aware of their husband’s sexual behaviors (Houle 
et al., 2018) may be employing alternative protective strategies 
such as celibacy, as indicated by the increasing proportions of 
sexually inactive women in older ages (Mojola et al., 2015). 
However, for men in the risky behaviors class with multiple 
partners, their likely younger female partner(s) are also at risk, 
with potentially increased difficulty in negotiating safer sex 
with an older, male partner with higher SES (Bajos & Marquet, 
2000; Kordoutis, Loumakou, & Sarafidou, 2000).

Our results showed substantial age variation in HIV risk 
and sexual behaviors. For younger adults, our findings were 
similar to a study from Malawi among younger men that also 
identified low- and high-risk sexual behavior classes (Car-
rasco et al., 2018). Our results also suggest a ‘settling-down’ 
effect in older adults as the probability of being in the union 

with lack of protective behaviors class increased across age. 
Longitudinal evidence among U.S. men ages 15–26 showed 
an increasing transition of men from high-risk to low-risk 
classes (Dariotis et al., 2008). Our results suggest that the 
duration of membership in at-risk classes and the pace of 
transition to lower-risk classes may be important in under-
standing life-course HIV vulnerability, but longitudinal evi-
dence is needed to clarify transitions in sexual behaviors at 
different life stages.

While our results demonstrate the patterning of multi-
ple sexual behaviors across individuals, they also suggest 
that prior studies focusing on individual indicators may not 
adequately screen for sexual behavior risk. However, using 
only two indicators—whether the respondent was in a union 
and whether they reported multiple partners—showed that 
these quickly obtainable measures divided respondents well 
into the three risk classes. These findings align with results 
from the 2016 South Africa Demographic and Health Survey 
(National Department of Health, 2019). For women, they 
found that having multiple partners was rare overall and 
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Fig. 2   Predicted probabilities of latent class membership by gender, 
age, and HIV status, Agincourt, South Africa 2010–2011 (n = 3173). 
Results based on the final LCA multinomial logistic regression model 
with three classes. All other covariates were set at their mean levels 

for the estimation sample. Class 1: Single with Consistent Protective 
Behaviors; Class 2: Risky Behaviors; Class 3: In Union with Lack of 
Protective Behaviors
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Fig. 3   Posterior probabilities of latent class membership, and propor-
tions of individuals with no class membership due to missing covari-
ate values and those reporting no sexual partners in the past 2 years, 
by gender, age, and HIV status, Agincourt, South Africa 2010–2011 

(n = 4171). Class 1: Single with Consistent Protective Behaviors; 
Class 2: Risky Behaviors; Class 3: In Union with Lack of Protective 
Behaviors

Table 3   Sensitivity, specificity, and positive/negative predictive values (PPV/NPV) for simplified sexual behavior indicators on predicted latent 
class memberships (n = 3173)

Class 1: Single with Consistent Protective Behaviors; Class 2: Risky Behaviors; Class 3: In Union with Lack of Protective Behaviors
Sensitivity: For those who belonged to a specific latent class, the proportion of participants to give a positive response to the set of sexual behav-
ior indicators
Specificity: For those who did not belong to a specific latent class, the proportion of participants to give a negative response to the set of sexual 
behavior indicators
PPV: Given the positive response to the set of sexual behavior indicators, the probability of participants who were truly in a specific latent class
NPV: Given the negative response to the set of sexual behavior indicators, the probability of participants who were not truly in a specific latent 
class

Sexual behavior indicators Sensitivity 95% CI Specificity 95% CI PPV
95% CI

NPV
95% CI

Not in a union and 1 sexual partner (predict-
ing class 1)

96.05%
[94.68–97.15]

91.52%
[90.25–92.67]

84.65%
[82.46–86.66]

97.94%
[97.22–98.52]

2 or more sexual partners (predicting class 
2)

100%
[99.22–100]

96.63%
[95.88–97.28]

83.89%
[80.60–86.83]

100%
[99.86–100]

In a union and 1 sexual partner (predicting 
class 3)

86.08%
[84.33–87.71]

100%
[99.76–100]

100%
[99.74–100]

86.75%
[85.07–88.31]
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particularly among married women. Having multiple partners 
was also uncommon among married men, but was higher than 
women (11% vs. 3%). The proportions of those with multiple 
partners reporting condom use at last sex were also similar 
to the reported levels for the risky behaviors class in this 
study. We conclude that these two indicators could be used 
effectively in screening and assessment activities to identify 
those in need of further risk and prevention counseling and 
match them to appropriate intervention approaches.

The multidimensional aspect underlying these measures 
can also inform HIV prevention, counseling, and intervention 
design and assessment. Our findings highlight the impor-
tance of recognizing the wider social contexts that influence 
individuals’ behavioral patterns at different life stages. For 
younger adults in the single with consistent protective behav-
iors class, prevention interventions are needed to address 
HIV status disclosure before sex. Evidence from Europe 
suggests that the social context where individuals first meet 
their partners may be an important determinant to discus-
sions before first sex (Bajos & Marquet, 2000). The relatively 
lower levels of consistent condom use with one partner aligns 
with tailored messaging for specific relationship contexts, as 
adults are less likely to consistently use condoms with regular 
partners (Logan et al., 2002). Given high levels of intimate 
partner violence among young women in this setting (Pettifor 
et al., 2016), structural interventions that reduce poverty and 
unemployment and address gender norms (Dworkin, Treves-
Kagan, & Lippman, 2013) may help reduce power differen-
tials with older men in negotiating safer sex. For men, there 
is a higher probability of being in the risky behaviors class in 
age-groups where circular labor migration is also common. 
Targeting migrant men (and the women with whom they part-
ner) at their workplace (Elwy, Hart, Hawkes, & Petticrew, 
2002) and working toward supportive environments in work-
place communities (Gilbert & Walker, 2002) could benefit 
prevention program strategies. For older women, counseling 
activities are needed that include both partners, and that offer 
communication strategies supporting celibacy or condom use 
when men retire or return home (Lurie et al., 2003).

We note some limitations. First, study findings may 
have limited generalizability as they are based on a rural 
South African setting in 2010–2011 when ART availabil-
ity was just becoming widespread (Houle, Clark, Gómez-
Olivé, Kahn, & Tollman, 2014; Mee et al., 2014). Sexual 
behavior patterns in different population subgroups may 
have changed since then as a result of greater treatment 
availability; however, more recent evidence on younger 
(Pettifor et al., 2016) and older adults (Rosenberg et al., 
2017) suggests similarities with results from prior work 
from this study that focused on individual sexual behavior 
indicators (Houle et al., 2018). For instance, Pettifor et al. 

(2016) showed relatively low levels of condom use at last 
sex and older age partners for young women. Among adults 
ages 40 and older, Rosenberg et al. (2017) showed gener-
ally low condom use and multiple partnerships at moderate 
levels. The timing of ART availability at the time of this 
study is also important for understanding changes in sexual 
behavior. While studies of those on ART from general-
ized epidemic settings indicate a reduction in risky sexual 
behaviors (Berhan & Berhan, 2012; Doyle et al., 2014; 
Venkatesh, Flanigan, & Mayer, 2011), less is known in the 
general population that includes HIV-negative individuals 
(McGrath, Eaton, Bärnighausen, Tanser, & Newell, 2013). 
Our results on the multidimensionality of sexual behaviors 
provides an important comparison for how sexual behaviors 
might change, including the prevalence of different classes, 
and how the number and patterns within classes may change 
differentially by gender in light of the long-term impact of 
ART on general populations as well as other prevention 
programs. Our findings provide an important comparison 
for studies in other settings, as well as comparisons to other 
time periods when ART became more widespread. Second, 
the data are cross-sectional; longitudinal data are needed 
to understand how individuals transition between sexual 
behavior classes throughout their lives. Longitudinal data 
are particularly needed to understand how knowledge of 
one’s HIV status and treatment access may change sexual 
behavior patterns. Third, since individuals self-reported 
their sexual behaviors to local interviewers, our data may 
be subject to social desirability and recall biases (Bajos & 
Marquet, 2000; Houle et al., 2016), and in ways that vary by 
gender (Nnko, Boerma, Urassa, Mwaluko, & Zaba, 2004). 
Finally, while our LCA models were robust to inclusion/
exclusion of other behavior indicators, the measurement 
model is inherently limited by the available measures in 
the survey. Despite our analysis of 11 indicators of recent 
and lifetime sexual behaviors, there may be other indica-
tors or qualitative data (George, 1993) that may provide 
new explanatory information (Angotti, Houle, Schatz, & 
Mojola, 2018) or greater discrimination in selecting the 
number of sexual behavior classes. We especially point to 
our lack of information on partner behaviors and believe 
our findings highlight the importance of including partners’ 
behaviors to contextualize sexual behavior patterns.

Conclusion

We provide one of the most detailed examinations of sexual 
behavior clusters between men and women across a wide 
age range in the context of a severe HIV epidemic. Greater 
understanding of the multidimensional nature of an individ-
ual’s sexual behaviors is critical to inform the targeting and 
prioritization of HIV prevention messaging programs and 
interventions. The aging of the HIV epidemic (Vollmer et al., 
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2017), coupled with demographic and social changes, also 
highlight the importance of understanding the contexts and 
life-course stages in which behaviors occur, such as gender 
roles and socioeconomic disparities. Strategies are needed 
that address structural determinants and social norms to pro-
vide supportive environments promoting safer sexual prac-
tices. At a practical level, and in this study’s specific context, 
we find that with only two behavioral indicators (union status 
and multiple sexual partners) individuals can be assigned to 
classes of sexual behavior risk that are relevant in consider-
ing intervention programs. Replication in other situations is 
needed to confirm these findings.
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