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Abstract

Young men who have sex with men are at increased risk for HIV. Research with older men and 

high risk populations suggests that network dynamics may contribute to the spread of infectious 

disease and HIV, but little is known about the sexual networks of young men who have sex with 

men. Utilizing a unique dataset, this study presents novel descriptive data about the sexual 

networks of racially diverse 17- to 23-year-old young men who have sex with men. Additionally, 

individual, partner, and network characteristics of these young men who have sex with men were 

examined as potential drivers of HIV, STI, and unprotected intercourse. Results indicated several 

partner- and network-level factors associated with HIV and associated outcomes.

Keywords

Sexual Networks; HIV; Young Men; Gay

Introduction

Young men who have sex with men (YMSM) have an alarming HIV/AIDS prevalence. Out 

of the 39,495 HIV infections estimated in the United States in 2011 within males, 78.2% of 

the HIV infections were among men who had sex with men and of those, 25% of infections 

occurred within youth 13-24 years old (CDC, 2013). Additionally, YMSM are one of the 

only risk groups showing an increasing rate of infections from 2008-2011 (CDC, 2013). 

Despite the urgent need for a developmentally-specific knowledge-base regarding HIV/

AIDS in YMSM, there has been insufficient research focused specifically on understanding 

the sexual behaviors and risk factors of this population (Harper & Riplinger, 2013; B. S. 

Mustanski, Newcomb, Du Bois, Garcia, & Grov, 2011). Additionally, although social 

network research is a high priority area in HIV research due to the disease’s high 

transmission dependence on drug and sexual network dynamics (Friedman et al., 1997; 
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Johnson et al., 2010; C. A. Latkin, Forman, Knowlton, & Sherman, 2003; Weeks, Clair, 

Borgatti, Radda, & Schensul, 2002), the majority of HIV research that has been conducted 

with YMSM has focused on understanding individual-level sexual behaviors (Johnson et al., 

2010). Studies of individual-level HIV-related risk behavior, while critically important, have 

limitations for understanding and intervening on spread of HIV/AIDS (Johnson et al., 2010).

Dyadic Research and HIV

Although few network studies have been conducted with YMSM, there have been several 

studies which demonstrate that characteristics of sexual relationships and sexual partners 

influence risk-taking behaviors (e.g., Newcomb, Ryan, Garofalo, & Mustanski, 2014). One 

consistent finding is the association of relationship-type and sexual risk behavior, with 

YMSM being more likely to engage in unprotected anal intercourse when they deem 

relationships as serious and committed (Bingham et al., 2003; MacKellar et al., 2005; B. 

Mustanski, 2007; Newcomb, Ryan, Garofalo, et al., 2014; Tieu et al., 2014; Webster et al., 

2003). Similarly, when YMSM indicated knowledge of a sexual partner having concurrent 

sexual relationships, condom usage increased (B. Mustanski, Newcomb, & Clerkin, 2011; 

Newcomb, Ryan, Garofalo, et al., 2014). Relationships indicated to be committed and 

exclusive may be perceived as less risky to YMSM, which may decrease condom use 

(Greene, Andrews, Kuper, & Mustanski, 2014).

Characteristics of sexual partners may also influence perceptions of sexual risk and condom 

use. Partner age, race and gender have all been linked to condom use during anal 

intercourse, with individuals reporting decreased condom use when having anal intercourse 

with older partners, non-African American partners, and female partners (Clerkin, 

Newcomb, & Mustanski, 2011; Newcomb, Ryan, Garofalo, et al., 2014). Furthermore, 

sexual partner characteristics have been shown to be associated with HIV status. In a study 

of racially diverse MSM aged 23-29, when controlling for participants’ demographics and 

risk behaviors, HIV+ men were more likely to have had older and African American sexual 

partners (Bingham et al., 2003).

And finally, characteristics of the sexual encounter itself may also be related to risk 

behavior. Research supports that using drugs prior to sex significantly increases the 

likelihood of unprotected anal intercourse among YMSM (B. Mustanski et al., 2011; 

Newcomb, Ryan, Garofalo, et al., 2014; Pantalone, Huh, Nelson, Pearson, & Simoni, 2014). 

Overall, this research suggests that HIV risk cannot be understood only by examining 

individual-level characteristics; attributes of relationships, partners, and sexual events 

influence individual decision-making around condom use, as well as influence the likelihood 

of contact with HIV+ sexual partner (Cooper, 2010).

Network Research and HIV

While the previously discussed literature examined dyadic associations between individuals 

and their immediate sexual partners, network studies allow greater understanding of an 

individual’s overall system of relationships. Outcomes may be examined by attributes of 

network members or by the structure of relationships between network members. Further, 

network studies may examine a variety of social linkages or interactions between network 
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members, such as sexual relationships, friendships, or drug use. The network dynamics of 

these systems may provide understandings into HIV transmission unable to be seen at 

merely the individual or dyadic level.

Few observational studies of the sexual networks of YMSM currently exist due to both the 

difficulty of accessing hidden-populations (Meyer & Wilson, 2009) and the resource 

intensiveness of network data capture (Scott & Carrington, 2011). Therefore, much of the 

work which has demonstrated the importance of network dynamics in infectious disease has 

been computational (Kretzschmar & Morris, 1996; Morris & Kretzschmar, 1997; Morris, 

Podhisita, Wawer, & Handcock, 1996; Shirley & Rushton, 2005). Using simulations of 

sexual network data, these studies have found that even small increases in sexual partner 

concurrency are able to lead to significant decreases in overall network path length (e.g. the 

speed at which HIV is able to move through a network) (Kretzschmar & Morris, 1996; 

Morris & Kretzschmar, 1997). However, thus far empirical data supporting these 

computational findings have been mixed (Kretzschmar & Carael, 2012). Therefore, it has 

been advised that network models be both informed and validated by empirical observations 

of the susceptible population (Kretzschmar & Carael, 2012; Shirley & Rushton, 2005).

Although there is a limited observational data on the sexual networks of YMSM, several key 

findings have emerged based on empirical studies of MSM. In particular, several studies 

have demonstrated that HIV status, as well as HIV-related risk behaviors, cluster 

significantly by network. For example, HIV+ individuals are significantly more likely to 

have social network members who are also HIV+ (Amirkhanian, 2014; Drumright & Frost, 

2010; El-Bassel, Gilbert, Wu, & Chang, 2006; Kelly et al., 2010). Another study of Russian 

YMSM networks interviewed 187 participants within 38 social circles. Their analysis 

demonstrated that social network membership accounted for 27-29% of the observed 

variance across three sexual-risk outcomes, while individual attributes only accounted for 

3-8% of the observed variance (Amirkhanian et al., 2006) and that social network 

membership was the only significant predictor of an individual’s STI status (Amirkhanian et 

al., 2006). These results suggest that similar to other individual characteristics (McPherson, 

Smith-Lovin, & Cook, 2001), HIV-related characteristics also display strong homophily 

within social networks (i.e., “birds of a feather flock together”). However, the mechanisms 

driving this network clustering (i.e. selection or socialization) are undetermined and should 

be interpreted with caution (Kandel, 1978).

In addition to network clustering, a few other sexual and social network attributes have been 

associated with HIV, STI, and sexual risk behavior in MSM. One is sexual network degree 

(e.g., the number of sexual partners), with many studies indicating that greater sexual degree 

is associated with greater likelihood of being positive for HIV or another STI (e.g., 

Drumright & Frost, 2010; El-Bassel et al., 2006; Ellen et al., 2006). Additionally, there is 

preliminary evidence that the selection of a sexual partner who is not also a social network 

member (i.e., low multiplexity) is protective against STI infection (Ellen et al., 2006). 

Further research is needed to understand this dynamic, but two possible mechanisms are 

that: 1) multiplex sexual/social relationships may lead to changes in the sexual network 

structure and thereby increase the speed at which STI infection may spread; or 2) like 

findings around reduced condom use with serious partners; multiplex social/sexual partners 
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may be viewed as lower risk (i.e., “known partners are safe partners) (C. Latkin et al., 2012). 

Another finding is that in addition to sexual network structure, the structure of the social 

network may also be important. A number of studies have reported decreased sexual risk 

behaviors are associated with high social network density (El-Bassel et al., 2006; Smith, 

Grierson, Wain, Pitts, & Pattison, 2004), which suggests protective influence by social 

networks. And finally, in one of the first MSM network studies to move beyond egocentric 

data to examine sexual network structure, bridging position was found to be associated with 

HIV status in young black MSM (Shah et al., 2014).

The Current Study

The current study reports rich descriptive data taken from 175 network interviews with 

YMSM, with a focus on sexual networks. Detailed information about attributes of 

participants and their sexual partners is provided, followed by details about sexual behavior, 

as well as characteristics important to networks (i.e., concurrency, sexual network density, 

multiplexity, and homophily). Sexual network characteristics are then examined as 

correlates of HIV, STI, and unprotected anal intercourse. Finally, associations with 

unprotected anal intercourse are examined in a multilevel model, including both individual 

and partner-level attributes

Method

Participants

A sub-sample of 175 participants, taken from a larger, ongoing longitudinal research study 

analyzing the prevalence, course, and predictors of health issues facing YMSM (Kuhns et 

al., In Press; B. Mustanski, Ryan, & Garofalo, 2014; Newcomb, Ryan, Garofalo, et al., 

2014; Newcomb, Ryan, Greene, Garofalo, & Mustanski, 2014), were recruited to participate 

in a separate cross-sectional study aimed at better understanding YMSM’s social, sexual and 

substance using network structure. Participants for this network study were recruited via the 

parent study at either the 12-month or 24-month follow-up visits between June of 2011 and 

October of 2012. In order to be eligible for the parent study, an individual had to be assigned 

male sex at birth, 16 to 20 years at baseline, an English speaker, report a sexual encounter 

with a male or have a gay/bisexual identity, and be available for 2 years of follow-up. A 

total of 204 parent study participants were contacted about partaking in this network study, 

of which 179 (88%) agreed to participate. However, two participants never showed up for 

their scheduled appointment and two enrolled, but subsequently withdrew. Eight participants 

reported never having a sex partner and thus were excluded from many of the subsequent 

analyses. At the time of their network interview participants ranged from 17 to 23 years old. 

The final demographic characteristics of egos (n=167) and sex partners (n=837) can be 

found in Table 1. The study protocol was approved by the Institutional Review Boards at 

each site and participants were provided $25 for their participation.

Procedure

An egocentric data collection approach was adopted to gather information from respondents’ 

self-reported perceptions of their network alters instead of firsthand interviews with network 

members themselves (Scott & Carrington, 2011). Procedures used to obtain network data 
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have been explained in detail elsewhere (Kuhns et al., In Press), and included the following 

processes: 1) asking respondents to enumerate all persons for which they have a social, 

sexual, or substance using connection with; 2) to describe characteristics of all network 

members, and to portray connections between all network members. In order to capture this 

network-based information, interviewers utilized a two method approach that consisted of 

completion of a pre-numbered list form to enumerate alters and to capture alter 

characteristics, as well as a participant-aided sociogram – or a chart of people and their 

relationships to each other – to elicit respondent’s reported connections between alters.

Measures

Name Generator—Sexual network information was determined in the network interviews 

by first eliciting a list of individuals the participant had supportive relationships with via five 

initial name generating items (See Kuhns et al. (In Press) for a detailed description of these 

items and the network interview). After the initial list of supportive individuals were 

generated, participants were then asked which individuals on that list they had “used drugs 

or alcohol with” or “had sex with.” Then they were asked to name anyone else that they had 

not yet listed that they had “used drugs or alcohol with” or “had sex with”. And finally they 

were asked if there was anyone that they had not listed yet that has ‘used drugs or alcohol’ 

or ‘had sex with’ two or more of the people on their list. Data from up to 40 alters were 

collected. After the list of names of alters was generated, demographic characteristics (age, 

race, gender, perceived sexual identity, cross-streets of where the individual lives), 

characteristics of the relationship (frequency of contact, strength of relationship, and 

relationship type), and behaviors with that person (first and last dates of sexual contact, 

frequency of sexual contact, condom use) were assessed. In addition to the above measures, 

HIV and STI infection status of the respondent (ego) was drawn from the matching wave of 

the parent longitudinal study. Finally, only alters who were indicated to have had sex with 

the egos were deemed to be part of the sexual network (n = 837).

Relationship Type—Relationship type was coded from an item which allowed egos to 

categorize the type of relationship held with an alter from a choice of 28 different categories 

(e.g., Mother, Cousin, Friend, Boyfriend, Teacher). Participants were also able to answer 

this question twice to assign two relationship types. Additionally, participants were able to 

choose “Other” and write in their own description of the relationship. Sex partners that were 

labeled as a boyfriend, girlfriend, partner, ex-boyfriend, ex-girlfriend, or another term 

similar term such as ‘Boo’, were coded as Main Partners. Sex Partners which were not 

coded as Main Partners and were labeled as a friend were coded as Friend. Sex Partners that 

met neither of these criteria were labeled as Non-Main/Non-Friend.

Drug Use with Sex Partner—Drug use was coded 1 if the participant indicated that they 

ever used substances or drugs at any time with the sexual partner.

Concurrent Partner—For each partner, the ego indicated the start and end date of sexual 

contact. Using those dates, concurrency was defined as occurring when a partner’s sexual 

relationship overlapped with another sexual partner. Concurrency was coded 1 if the sexual 

partner was indicated to be concurrent with at least 1 other sexual partner. Additionally, 
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momentary degree over the prior 7 and 14 days was also calculated (Morris, Kurth, 

Hamilton, Moody, & Wakefield, 2009). In this case, momentary degree refers to the number 

of sexual partners an ego indicated over the prior 7 or 14 days. For example, a sample with 

an average 7 day momentary degree of 0 would have indicated no sexual partners in the 

prior week, while an average degree of 1 would have indicated the sample had an average of 

one sexual partner over the prior week, and finally, an average degree >1 would have 

indicated a tendency for the sample to have more than 1 sexual partner, on average, over the 

7 day period.

Density—Density of each sexual network was calculated by summing the number of 

sexual connections observed between the egos/alter and alter/alter pairs, and then dividing 

by the total number of possible pairs given the number of support, sex, and drug connections 

that were reported by each ego (Marsden, 2002).

Multiplexity—Multiplexity was calculated by determining the extent of overlap between 

multiple networks (e.g., sex, support, and drug). In this analysis we were interested in the 

overlap of sex and drug networks and sex and support networks, as individuals with sex 

partners who are also drug partners, or sex partners who are also embedded within their 

support network, may display differing levels of risk (Neaigus et al., 1994). Correlations 

between ego sexual networks, drug networks, and support networks were calculated by 

utilizing QAP Correlation function within UCINET (Borgatti, Everett, & Freeman, 2002), 

which calculates a measure of the association between the observed matrices. After 

calculating a Pearson’s correlation coefficient between the matrices, the function uses 

quadratic assignment procedures to develop standard errors by randomly permuting the cells 

of one matrix and re-computing the correlation 500 times. If the proportion of random 

correlations greater than the observed correlation is low (p < 0.05), there is a relationship 

between the matrices unlikely to be observed by chance (Borgatti et al., 2002).

Racial Homophily—Newman’s Assortativity Coefficient was used to describe the racial 

mixing pattern in our sample (Newman, 2002). The Assortativity Coefficient is calculated 

from the racial mixing matrix, a matrix comprised of the proportion of sexual relationships 

between Black, White, Hispanic, and Other Egos and Alters. The formula for the 

Assortativity Coefficient (AC), with M equaling the mixing matrix, is:

AC ranges from 1.0 to −1.0, with 1.0 indicating that Egos only have sexual partnerships with 

individuals of their same race, −1.0 that Egos only have sexual partners of a different race, 

and 0 indicating that sexual partnerships are not influenced by race.

Age Homophily—For scalar variables, AC is equivalent to calculating a Pearson 

Correlation Coefficient (Newman, 2002), with a positive correlation indicating that Egos 

tend to have sexual partners who are older and a negative correlation indicting that Egos 

tend to have sexual partners who are younger.
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HIV/STI—Participants were tested for HIV, gonorrhea, and chlamydia prior to their network 

interview. HIV status was assessed using a rapid oral screening test (OraQuick ADVANCE 

1/2; OraSure Technologies, Bethlehem, PA) and confirmed by OraSure testing. Urethral 

gonorrhea and chlamydia infections were determined via urine polymerase chain reaction 

(PCR).

Analyses

After data collection, key alter attributes were summarized by ego. Descriptive statistics for 

ego demographics, sexual partner demographics, and sexual behaviors were calculated. 

Next, bivariate correlations were calculated between several key network characteristics and 

three outcomes: ego HIV status; STI status; and the number of unprotected anal intercourse 

(UAI) acts the ego reported across their last three partners in the prior six months. Analyses 

for both HIV and STI were restricted to participants who indicated ever being sexually 

active. Analyses for UAI were restricted to those who reported being sexually active in the 

prior six months. Hierarchical Linear Modeling (HLM) version 7 (Scientific Software 

International, Lincolnwood, IL) was then utilized to examine ego and alter characteristics 

related to unprotected anal and vaginal intercourse. HLM accounts for the clustering of data 

by ego. Three multivariate models were constructed. Model 1 examined basic ego and 

partner demographics: ego age (centered at 17); sexual partner age difference in years; ego 

race (coded into White, Hispanic, Other Race and the reference group Black), sexual partner 

race (coded with the reference group being Black), and partner gender (dichotomized with 

reference group male). Model 2 added level-2 ego variables such as: ego drug and alcohol 

use (dichotomous with any drug or alcohol use in the last 6 months coded as 1); ego’s total 

number of sexual partners in the past 6 months; and social/sexual multiplexity (the 

correlation of the ego’s social network and sexual network). Model 3 added level-1 partner 

variables such as: sexual partner relationship type (dummy-coded into three categories: main 

partner, friend, with the reference group being non-main partner/non-friend); using drugs 

with the sex partner (dichotomized), and sexual concurrency with that sexual partner 

(dichotomized with any sexual concurrency with at least 1 other sexual partner coded as 1).

Of all YMSM who participated, 144 (82.3%) indicated having at least 1 sexual partner in the 

6 months prior to the date surveyed. Of these, 367 sex partners in the prior six months were 

indicated, or on average 2.5 partners per young man who was sexually active in the prior six 

months. Figure 1 visualizes these sexual relationships over the past six months. As details of 

sexual behaviors (intercourse type and use of condoms) were only assessed with the sexual 

partners an ego reported within the past 6 months, and due to missing data, the sample size 

for HLM analyses was reduced to 130 egos (study participants who reported sexual partners 

in the past six months) and 338 sexual partners (reported sexual partners of egos over the 

past six months).

Results

Number of Partners

Of the 175 YMSM who participated, 167 (95.4%) indicated having at least 1 prior sexual 

partner while 8 (4.6%) indicated not ever having prior sexual partners. Of the men who were 
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sexually active ever, 837 sexual partners were indicated, or on average 4.8 partners per 

sexual active young man.

Characteristics of Egos and Partners

Descriptive characteristics of study egos and sexual partner alters are listed in Table 1. On 

average sexual partners were 22.4 years old, which was 2.3 years older than study egos. Sex 

partner age difference ranged from 4.3 years younger than egos to 26.8 years older. Most 

sexual partners were male, with 7.5% of partners indicated to be female and 0.8% indicated 

to be transgender. Racial demographics of sexual partners were similar to that of the egos, 

though a significantly higher proportion of sexual partners were white (22.6%) versus egos 

(13.2%) (χ2 = 7.42, p < 0.01). Most sexual partners were indicated to be gay males (74.3%). 

However, 12.7% of sexual partners were bisexual males, followed by 4.4% heterosexual 

females, 3.3% heterosexual men, 2.6% were bisexual women and 0.4% lesbian women. The 

remaining sexual partners (2.3%) were comprised of transgender individuals and those 

whose sexual orientation was queer or missing. Sexual partners were evenly split between 

main partners, friends, and non-main partner/non-friends (χ2 = 5.226, p = 0.07).

Sex Behaviors

Of those who reported a sexual partner within the past 6 months (n = 144), 95.8% reported 

having oral sex, 9.0% reported having vaginal sex, and 93.1% reported having anal sex. 

Additionally, the average number of partners they reported was 2.3 oral sex partners, 0.2 

vaginal sex partners, and 1.97 anal sex partners in the prior 6 months. Of those who reported 

having oral sex (n = 137), on average 6.1 oral sex acts occurred in the prior 6 months and 

10.9% of egos reported always using a condom during these acts. Of those who reported 

having vaginal sex (n = 13), on average 5.3 vaginal sex acts occurred in the prior 6 months 

and 76.9% of egos reported always using a condom during these acts. Of those who reported 

having anal sex (n = 134), on average 4.90 anal sex acts occurred in the prior 6 months and 

44.8% of egos reported always using a condom during these acts.

Concurrency

Of the 175 YMSM, 100 (57.1%) reported ever having concurrent partners and 56 (32%) 

reported having concurrent partners in the last 6 months. Of the 837 sexual partner alters, 

495 (59.1%) were concurrent. The average total number of concurrent partners per ego was 

2.82 for the entire sample. Momentary degree was calculated as the number of active sexual 

partnerships reported by the ego both 7 days and 14 days prior to the interview. When 

considering the prior 7 days the mean momentary degree was 0.52 for the entire sample, and 

1.16 when ignoring isolates (those without a sexual partner). Twelve percent of the non-

isolates reported a momentary degree greater than 1. When considering the prior 14 days the 

mean momentary degree was 0.73 for the entire sample, and 1.28 when ignoring isolates. Of 

the non-isolates, 16.8% reported a momentary degree greater than 1. See Figure 2 for the 

momentary degree distribution.

Birkett et al. Page 8

Arch Sex Behav. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Density

Sexual network density was then examined by summing the number of sexual connections 

observed between egos and alters, and alters and alters, and diving by the total number of 

possible pairs given the number of support, sex, and drug connections reported by each ego. 

Density of sexual networks across egos ranged from 0 to 0.286, with an average Density of 

0.048 (SD=0.036).

Multiplexity

In this analysis we were interested in the overlap of an ego’s sex, drugs, and social networks. 

Our results indicated that for most YMSM (68%), their sexual and social networks were 

uncorrelated to each other (i.e., QAP correlation non-significant), however 32% of YMSM 

did show significant overlap, with social ties being significantly more likely to also be 

sexual ties. Across all egos however, this association was low with a mean correlation of 

0.14. However, both sex/drug and drug/social networks displayed greater overlap, with only 

39% and 35% of YMSM respectively not showing significant correlation between those 

networks. Most YMSM (61%) showed significant multiplexity between their sexual and 

drug networks, with the average sex ties being significantly more likely to also be drug ties 

(mean QAP correlation = .40). And finally, most YMSM (65%) also showed significant 

multiplexity between their social and drug networks, with the average social ties being 

significantly more likely to also be drug ties (mean QAP correlation = 0.66).

Homophily by Race, Age

Sexual networks tended to show strong racial homophily. A high positive Assortativity 

Coefficient (AC = 0.58) was estimated for the sample, indicating that most egos report 

sexual relationships with individuals of the same race. Additionally, the overall sample 

showed a significant preference for older sexual partners, r(830) = 0.24, p < .001. Figures 3 

and 4 display distributions of sexual partner age.

Correlates of HIV, STI, and Unprotected Anal Intercourse

Bivariate correlations were calculated between network characteristics and ego HIV status, 

STI status, and the number of unprotected anal intercourse acts the ego reported with their 

last three partners. Results appear in Table 2. The strongest significant correlate of HIV 

status was partner race, with ever having sex with an African American partner significantly 

associated with HIV positive status, r(165) = 0.22, p < .01. Partner gender was also a 

significant correlate, with egos who reported only having sex with a male being more likely 

to be HIV positive, r(165) = 0.18, p < .05. There were also non-significant trends for HIV 

positive egos to have multiplex social/sexual partners (p = .07), older partners (p = .08), and 

multiplex sex/drug partners (p = .12). None of the tested variables significantly correlated 

with STI status. Additionally, there was a non-significant trend for the number of sexual 

partners reported by the ego ever (p = .08) and in the past six months (p = .07) to correlate 

with STI status. And finally, there was a trend for having multiplex sexual and social 

relationships to correlate with increased STI status (p = .07).
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The only significant correlate of number of UAI acts was sexual/social multiplexity, with 

high overlap between sexual partners and social partners to be correlated with an increased 

number of UAI acts, r(140) = 0.275, p < .01. There was also a non-significant trend with 

having a high proportion of main partners correlating with increased UAI (p = .08).

Predicting Unprotected Intercourse—HLM was utilized to form three multivariate 

models of unprotected anal and vaginal intercourse (UAVI). As shown in Table 3, the first 

model examined both ego and sexual partner demographics (ego/partner race, ego/partner 

age, partner sex). The only significant predictor of UAVI was ego race in which egos whose 

race/ethnicity was Other (i.e., not White, Hispanic, or Black) were significantly more likely 

(odds ratio = 3.82) than Black egos to have had UAVI.

The second model added possible ego-level risk factors (ego drug and alcohol use, number 

of sex partners in the past 6 months, and social/sexual multiplexity). An ego who used 

alcohol and drugs was significantly more likely (odds ratio = 3.55) to have had UAVI. 

Additionally, the more an ego’s sexual and social networks overlapped (sexual/social 

multiplexity) the greater the odds (odds ratio = 7.75) of having UAVI. Ego race also retained 

significance with egos of Other race were significantly more likely (odds ratio = 4.63) than 

Black egos to have had UAVI.

The third model added possible partner-level risk factors (sexual partner relationship type, 

partner drug use, and sexual concurrency). An ego with a sexual partner who is their main 

partner was significantly more likely (odds ratio = 2.65) to have had UAVI while an ego 

with a sexual partner who is their friend was significantly less likely (odds ratio 0.53) to 

have had UAVI versus partners who were neither main partners nor friends. Additionally, an 

ego who indicated using drugs with their sexual partner was significantly more likely (odds 

ratio = 1.87) to have UAVI. Both Other ego race and ego alcohol and drug use retained 

significance with both being more likely (odds ratios =4.15; 3.30) to have UAVI. However, 

sexual/social multiplexity was no longer was a significant predictor of UAVI.

Discussion

This study presents novel descriptive data about the sexual networks of young men who 

have sex with men. Additionally, individual, partner, and network characteristics of these 

YMSM were examined as potential drivers of HIV, STI, and unprotected intercourse. 

Results indicated several partner- and network-level factors associated with HIV and 

associated outcomes.

The descriptive data of sexual networks of YMSM results in several key findings. First, this 

study supports that approximately 1 in 3 YMSM have concurrent sexual behavior in the 

prior six months. These rates of sexual concurrency appear higher than among 

heterosexuals, as a study of heterosexual men found only 11% indicated sexual concurrency 

in the prior year (Adimora, Schoenbach, & Doherty, 2007). However, YMSM rates of 

concurrency are comparable to the few measurements of concurrency in MSM (Bohl, 

Raymond, Arnold, & McFarland, 2009; Rosenberg, Khosropour, & Sullivan, 2012). 

Furthermore, a significant preference for racial homophily in sexual partners was shown, but 
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this was no greater than has been observed in non-YMSM populations (McPherson et al., 

2001). A preference for older partners was also shown, which supports prior work which 

suggests age differentials in sexual partnerships in MSM are common (Bocour, Renaud, 

Wong, Udeagu, & Shepard, 2011).

This work highlights the need for more knowledge about the sexual networks of high-risk 

populations; but it also highlights the importance of studying networks other than only 

sexual networks in order to understand HIV and associated risk factors. This study found 

that although most egos did not indicate significant overlap in their sexual partners and 

social relationships (multiplex sexual/social), those who did were more likely to have 

unprotected intercourse and had a trend towards being more likely to have an STI. This may 

support preliminary evidence that the selection of a sexual partner who is not also a social 

network member may be protective against STI infection (Ellen et al., 2006). By examining 

social and drug networks, as well as sexual networks, researchers can better understand the 

possible protective and risk factor dynamics associated with HIV and associated outcomes 

(Amirkhanian, 2014). For some individuals, social and drug networks may influence sex 

networks and sex behavior. For example, analyses indicated that high overlap between 

social and sexual networks was significantly correlated with unprotected anal intercourse. 

Additionally, statistical trends were found between multiplexity and testing positive for HIV 

(p = 0.07) or an STI (p = 0.08). Further work is necessary to examine these linkages, but 

retaining former sex partners in drug or social circles may possibly increase the likelihood 

for sexual re-engagement, or create new pathways for disease transmission (e.g., IDU), or 

social and drug relationships may create additional barriers for condom use.

In addition to multiplexity, several important sexual partner characteristics were identified. 

For HIV, the only significant correlates were having sexual partners who were African 

American and having sexual partners who were all male. This demonstrates the importance 

of partner-characteristics and population-related factors in driving HIV transmission and the 

need to expand research designs beyond the focus on individual sexual behavior (e.g., 

number of sex partners). As authors have shown in another article (B. Mustanski, Birkett, 

Kuhns, Latkin, & Muth, 2014), and as demonstrated in review of the literature on racial 

disparities (Millett, Flores, Peterson, & Bakeman, 2007), these partner- and population-

related factors are also likely a driver of the strong HIV disparities in black YMSM.

Another important partner-level variable was relationship-type, which was significantly 

associated with UAI, even when controlling for all other factors. YMSM were significantly 

more likely to have UAI with main partners, and significantly less likely to have UAI with 

friends. Similar to social/sexual multiplexity, dual relationships with sexual partners likely 

changes relationship dynamics. Several papers have also shown partnership type to be an 

important predictor of unprotected sex (B. Mustanski et al., 2011; Newcomb, Ryan, 

Garofalo, et al., 2014), with YMSM being less likely to use condoms during anal intercourse 

when they believe the relationship to be serious and committed. These risk behaviors may be 

driven in part by the perceived sense of safety with main partners that makes condoms seem 

unnecessary.
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There was less evidence of individual sexual behaviors being associated with HIV or STIs, 

although there was a trend of more sexual partners increasing STI. There were also no 

significant relationships between our measure of density and any of the examined outcomes. 

However, measures of true sexual network density are unable to be obtained without full 

(i.e., sociometric) network data. As this study only utilizes egocentric data, our estimates are 

limited to density estimates based on the observations of only one ego versus actual density 

estimates from the perspective of the full populations.

Several important strengths exist for this study. Most importantly, the study reported rich 

descriptive information for a high risk population and their networks. A diverse community-

based sample of YMSM was analyzed. However, this study also has several weaknesses. 

First, all data were self-report. Therefore, our results are impacted by inaccurate reporting by 

the ego and potentially missing alter data. Another major limitation was the collection of 

egocentric network data. While egocentric network data are easier to collect (e.g. less 

resource intensive), they lack the ability to give the true perspective of the entire network. 

For example, it is unknown how many sex partners an ego’s sex partner had. In an 

additional study of these data, a macronetwork dataset will be created by utilizing and 

consolidating matched alter data. This macronetwork data may allow us to develop more 

accurate estimates of variables such as density.

Finally, this study provides an important reminder for HIV interventions: disease 

transmission is a complex process. By examining individual, partner, and network variables, 

as well as social, drug, and sex networks, our results suggest that HIV, STI, and UAI may be 

driven by complex and overlapping mechanisms. While UAI is largely a function of 

relationship characteristics, our preliminary analyses suggest HIV is driven by partner 

demographics. More data are necessary to further tease apart the relationships between HIV 

and sexual behavior in this population, and inform intervention. Our preliminary data 

suggest though that interventions which target only UAI behavior, without a broader 

understanding of HIV in population dynamics, will not effectively target the mechanisms 

driving and sustaining infection in YMSM.
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Figure 1. 
Visualizing sexual relationships over the prior six months

Node Size = Large (Ego), Small (Sex Partner within the Prior 6 Months). Node Color = 

Dark Red (HIV+ Egos), Light Grey (HIV-Egos), Blue (Male Sex Partners), Pink (Female 

Sex Partners), Green (Transgender Sex Partners).
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Figure 2. 
The 7-day and 14-day Momentary Sexual Partner Degree Distribution for Young Men Who 

Have Sex with Men
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Figure 3. 
Sex Partner Age by Age of Ego among Young Men Who Have Sex with Men
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Figure 4. 
The Distribution of Sex Partner Age among Young Men Who Have Sex with Men
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Table 1
Demographic Characteristics of Egos and Alters Who are Sex Partners

Egos
(n=167)

Alters
(n=837)

M SD M SD

Age
1

20.1 1.4 22.4 4.5

N % N %

Gender

  Male 167 100.0 767 91.6

  Female 0 0.0 63 7.5

  Transgender - - 7 0.8

Race

  Black 91 54.5 410 49.0

  Latino 37 22.2 176 21.0

  White 22 13.2 189 22.6

  Other 17 10.2 61 7.3

  Missing 0 0.0 1 0.1

Sexual Orientation

  Gay/Lesbian 140 83.9 629 75.1

  Bisexual 21 12.6 128 15.3

  Heterosexual 3 1.8 65 7.8

  Other 3 1.8 7 0.8

  Missing 0 0.0 8 1.0

Relationship Type - -

  Main Partner - - 306 36.6

  Friend - - 279 33.3

  Non-Main/Non-Friend - - 252 30.1

Neighborhood

  Chicago 143 85.6 461 55.1

  Outside City of Chicago 24 14.4 276 33.0

  Unknown - - 100 11.9

HIV Prevalence 19 11.4 - -

STI Prevalence 12 7.2 - -

1
Alter age was missing for 5 sex partners
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Table 2
Sexual Network Correlates of HIV, STI, and Unprotected Anal Intercourse

HIV STI UAI
1

r p r p r p

Sexual Behavior

  Number of Sex Part. Ever −0.04 0.64 0.14 0.08 0.00 0.97

  Number of Sex Part. 6 Mos −0.04 0.66 0.14 0.07 −0.12 0.17

  Ever Concurrent Part −0.02 0.79 0.05 0.52 −0.02 0.86

Sex Partner Characteristics

  Average Age of Sex Part. 0.14 0.08 −0.02 0.82 −0.11 0.20

  Only Sex with Males 0.18 0.02 −0.07 0.41 0.10 0.28

  Ever Sex African American 0.22 0.00 0.03 0.75 −0.07 0.43

  Proportion Main Partners 0.07 0.35 −0.03 0.70 0.15 0.09

Network Characteristics

  Race Homophily 0.16 0.35 −0.02 0.83 −0.10 0.28

  Sexual Network Density −0.08 0.34 0.03 0.70 −0.10 0.29

  Multiplexity (sex/drug) 0.13 0.13 0.09 0.31 0.02 0.85

  Multiplexity (sex/social) 0.15 0.07 0.15 0.08 0.28 0.00

1
= Analyses restricted to include only sex partners over past 6 months

Arch Sex Behav. Author manuscript; available in PMC 2016 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Birkett et al. Page 22

T
ab

le
 3

A
 M

ul
ti

le
ve

l M
od

el
 o

f 
U

np
ro

te
ct

ed
 A

na
l V

ag
in

al
 I

nt
er

co
ur

se

M
od

el
 1

M
od

el
 2

M
od

el
 3

O
R

SI
G

L
O

W
U

P
P

O
R

SI
G

L
O W

U
P

P
O

R
SI

G
L

O
W

U
P

P

In
te

rc
ep

t (
L

ev
el

 2
)

0.
39

*
0.

17
0.

92
0.

15
**

*
0.

05
0.

44
0.

06
**

*
0.

02
0.

23

 
E

go
 A

ge
1.

06
0.

86
1.

30
1.

01
0.

82
0.

24
0.

99
0.

78
1.

26

 
E

go
 R

ac
e 

(r
ef

=
B

la
ck

)

 
 

 
 

L
at

in
o

1.
86

0.
67

5.
19

1.
88

0.
67

5.
32

2.
18

0.
76

6.
20

 
 

 
 

W
hi

te
1.

81
0.

54
6.

10
1.

84
0.

54
6.

32
1.

45
0.

36
5.

94

 
 

 
 

O
th

er
3.

82
**

1.
65

8.
90

4.
63

**
*

1.
82

11
.7

8
4.

15
**

1.
55

11
.0

8

 
E

go
 A

lc
oh

ol
/D

ru
g 

U
se

3.
55

**
1.

42
8.

91
3.

30
**

1.
27

8.
60

 
N

um
 P

ar
t P

as
t 6

m
0.

91
0.

77
1.

08
0.

95
0.

80
1.

14

 
M

ul
tip

le
x 

Se
xS

oc
ia

l
7.

75
*

1.
10

54
.6

1
6.

12
0.

64
58

.1
3

Sl
op

e 
(L

ev
el

 1
)

 
Pa

rt
ne

r 
A

ge
 D

if
fe

re
nc

e
 

Pa
rt

ne
r 

R
ac

e 
(r

ef
=

B
la

ck
)

1.
01

0.
96

1.
07

1.
02

0.
97

1.
07

1.
05

0.
99

1.
10

 
 

 
 

L
at

in
o

0.
57

0.
25

1.
32

0.
48

0.
20

1.
13

0.
53

0.
21

1.
36

 
 

 
 

W
hi

te
0.

69
0.

29
1.

61
0.

62
0.

25
1.

56
0.

71
0.

25
1.

97

 
 

 
 

O
th

er
1.

32
0.

58
3.

03
1.

23
0.

54
2.

82
1.

13
0.

51
2.

48

 
Pa

rt
ne

r 
is

 a
 F

em
al

e
0.

31
0.

09
1.

13
0.

27
0.

06
1.

35
0.

29
0.

06
1.

34

 
Pa

rt
ne

r 
T

yp
e 

(r
ef

=
 

N
ot

 M
ai

n/
Fr

ie
nd

)

 
 

 
 

M
ai

n 
Pa

rt
ne

r
2.

65
**

1.
40

5.
01

 
 

 
 

Fr
ie

nd
0.

53
*

0.
28

1.
00

 
U

se
d 

D
ru

gs
 w

ith
 P

ar
tn

er
1.

87
*

1.
02

3.
43

 
C

on
cu

rr
en

t w
ith

 P
ar

tn
er

1.
22

0.
72

2.
05

**
* =

 p
 <

 0
.0

01

**
=

 p
 <

 0
.0

1

* =
 p

 <
 0

.0
5

Arch Sex Behav. Author manuscript; available in PMC 2016 October 01.


