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Abstract

HIV testing promotion is a critical HIV prevention strategy, especially among at-risk groups such 

as young men who have sex with men (YMSM). Based on a web survey of 194 YMSM (18–24), 

we examine the association of social network characteristics and functions, and of individual-level 

characteristics, with three HIV testing behaviors (ever, repeat, and recent testing). Network 

homophily was associated with recent testing in multivariable models. The network function of 

information acquisition was associated with ever testing and repeat testing. Perceived stigma 

regarding HIV-related help-seeking was negatively related to recent testing. Individual 

characteristics were associated with testing outcomes in all models; age, perceived behavioral 

control, and positive attitudes had the greatest influence. Individual characteristics had a stronger 

association with ever testing and repeat testing than network characteristics and functions; 

however, this relationship was reversed for recent testing. Findings support the value of multi-level 

and network-focused interventions for promoting HIV testing among YMSM.

Resumen
La promoción de la prueba del VIH es una estrategia fundamental de prevención en grupos de 

riesgo, incluyendo los hombres jóvenes que tienen sexo con otros hombres (YMSM). Utilizando 

una encuesta realizada por el internet (N = 194 YMSM entre las edades de 18–24 anos), 

analizamos la asociación entre tres comportamientos de pruebas del VIH (nunca testeado, prueba 

repetida, y prueba reciente), las características y funciones de las redes sociales, y las 

características a nivel individual de los YMSM. La homofilia de red estuvo asociada con pruebas 

recientes en modelos multivariables. La función de la red para adquirir información de VIH estuvo 

asociada con haber testeado y haber repetido la prueba. El estigma de VIH asociado con búsqueda 

de ayuda estuvo negativa-mente asociado con con pruebas recientes. Características individuales 
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se asociaron con los resultados de pruebas en todos los modelos; la edad, la percepción de control 

del comportamiento, y actitudes positivas tuvieron la mayor influencia. Las características 

individuales tuvieron una asociación más fuerte que las características y funciones de la red; sin 

embargo, esta relacion se invirtió para la prueba reciente. Los resultados apoyan el valor de 

intervenciones multiniveles con un enfoque de redes sociales para pro-mover la prueba del VIH 

entre los YMSM.
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Introduction

Young men who have sex with men (YMSM) represent a disproportionate number of new 

HIV cases. Indeed, MSM aged 13–24 are the highest-risk group for new HIV infections in 

the United States (US) [1]. Moreover, rates of new HIV infections in this group have been 

increasing: between 2006 and 2009, there was a 34 % increase in HIV infection rates among 

YMSM [2]. These trends in HIV incidence among YMSM stand in contrast to trends in the 

US population as a whole, for whom HIV incidence rates have remained stable over the 

same time period [1].

A key HIV prevention strategy is to promote testing so as to increase the number of people 

who are aware of their HIV status. This is an important focus because most HIV 

transmission occurs among undiagnosed persons [2]. National goals have been set to 

increase testing amongst MSM [3], and annual testing guidelines have been established for 

sexually active members of this group. Additionally, more frequent HIV testing is 

recommended for MSM who have multiple or anonymous partners, who use drugs while 

having sex, or whose sex partners participate in these activities [4]. Despite these efforts, 

national surveillance data show that many MSM don’t adhere to these HIV testing 

guidelines, and that many HIV-positive MSM remain unaware of their infection [1, 5]. 

Therefore, there is a need for concerted effort to promote regular testing among sexually 

active MSM.

To inform prevention efforts, increasing research has focused on understanding the 

correlates of HIV testing among MSM [6, 7]. Although social networks are recognized as 

important drivers of both HIV risk behavior and prevention efforts among MSM [8], the 

published literature has been disjointed with respect to the many network effects which may 

simultaneously influence HIV testing behavior. Therefore, we seek to theoretically advance 

the field by investigating the concurrent contribution of several theoretically-derived 

network-related variables to HIV testing behavior. Specifically, we examine correlates of the 

history of ever testing, repeat testing, and recent testing (i.e., in the past 12 months).

Individual-Level Correlates of HIV Testing

Most of the literature has focused on individual-level correlates of HIV testing. The 

following demographic factors have been associated with HIV testing behavior among 
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MSM: older age, [6, 9–18]; education level [16, 19, 20]; and socio-economic status (SES) 

[11, 16, 21]. MSM’s high-risk sexual behavior has also been found to be either negatively 

associated with timely HIV testing [11, 15, 20, 22], or to be unassociated with it [10, 12, 

23]. Seeking sexual partners on the Internet has been negatively associated with HIV testing 

among MSM [19, 20]. As for psychosocial factors, perceptions of risk have been positively 

associated with HIV testing [6, 15, 18, 23, 24], as has self-efficacy to engage in protective 

behaviors [21]. More use of information regarding HIV/AIDS has also been associated with 

greater HIV testing intentions among YMSM [25]. Concern about potentially transmitting 

HIV to others is an attitude that has also been positively associated with HIV testing [26].

Social Networks and HIV Testing

Social networks can be defined as sets of actors and their relationships [27]. Two general 

types of social network characteristics may affect health: (1) characteristics of relationships 

between individual people in a network, or ties; and (2) characteristics of the overall network 

structure, or patterns of relationships between all of the members of a network [28].

Longitudinal research in varied health domains has shown that social similarity between 

people, or the tie characteristic of “ homophily” [29], promotes the spread of health 

behaviors between them [30–33]. Homophily can refer to similarity in demographics such as 

race, gender or age; attitudes; or behavior (e.g., substance use). Similarly, research in the 

context of HIV testing in several countries has shown that MSM who have more social 

interaction with other MSM are more likely to have had an HIV test [22, 23, 34].

People are also more influenced by those for whom they have positive feelings. Social 

influence theory contends that individuals are more likely to be influenced by people they 

“like” [35]—particularly in ambiguous situations in which they rely upon others for cues as 

to how to behave [36]. Closer relationships or “stronger ties” (37) constitute a tie 
characteristic usually characterized by “liking”, and there is typically stronger interpersonal 

influence in relationships that are emotionally closer [31]. Stronger relationships may be 

characterized by greater contact frequency and more time spent together [37–40]. While we 

are unaware of any research regarding strong ties and HIV testing among MSM, one study 

showed that HIV risk behavior among MSM is related to the influence of strong ties [41].

Although structural characteristics of networks have been associated with the transmission 

of health behaviors in general [42–45], there has not yet been a research focus on potential 

relationships between structural characteristics of MSMs’ social networks and their HIV 

testing behavior. “Cohesion”, or connectedness between network members [46], is an 

especially important structural characteristic due to the potential for social influence within 

cohesive networks [47, 48]. Such influence may be driven by exposure to common messages 

[49], message reinforcement [45], informal social control [50] and similarity in attitudes and 

opinions [51].

Network cohesion is often measured by network density [47], which is the number of links 

present in a network divided by the total possible links between network members [31]. In 

essence, this refers to the number of people in a person’s network who have any connection 

to one another. Greater network density is associated with the transmission of health 
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behaviors within a network [42–45]. Similarly, the overall network proportion of ties in a 
network based on close interpersonal relationships, which we call “strong tie proportion”, 

can be an indicator of cohesion [47]; that is, the number of people in a person’s networks 

who are close to one another (as opposed to just having some connection, as with network 

density). While not previously investigated, both measures hold potential for influencing 

HIV testing among YMSM.

Network “range”, or the extent to which one’s ties cross the social boundaries of different 

cohesive subgroups in a network [52], is another structural network characteristic that 

network theory suggests may exert an influence on HIV testing behavior. Network range is 

an indicator of network diversity since people occupying different roles in relation to an 

individual (e.g., family members, best friends, acquaintances or health care providers) are 

likely drawn from different network subgroups, and thus have access to different network-

mediated resources. This network characteristic has been associated with acquisition of 

resources that can affect health behavior [28]. The potential relationship between network 

range and HIV testing behavior has yet to be investigated.

In addition to network characteristics, networks can influence health via the functions they 

perform, including (1) social support; (2) social influence; and (3) access to resources [28]. 

Social support has indeed been associated with HIV testing in the US [11, 17, 21, 53, 54] 

and internationally [16, 55]. Additionally, HIV-related stigma is characterized by social 

distancing [56] from people who are HIV-positive (or perceived to be HIV-positive); indeed, 

several studies have found a significant, negative association between social support and 

both perceived and enacted stigma among people with HIV/AIDS [57–59]. HIV-related 

stigma from one’s network members has been negatively associated with testing, or 

positively associated with delayed testing [18, 60, 61].

Additionally, the network function of social influence has been repeatedly shown to 

influence health behavior. Perceived social norms are a key form of network-mediated 

influence [31, 49]. Norms are “prevailing codes of conduct that either prescribe or proscribe 

behaviors that members of a group can enact” [62]. Behavioral norms emerge when our 

shared attitudes, or positive or negative evaluations of a behavior, receive social validation 

[63]. Health-related research has primarily investigated perceived norms, of which two main 

types are most important: (1) descriptive norms: what we believe that other people do; and 

(2) injunctive norms: the perception that others want us to perform a behavior. For example, 

in prior research regarding safer sex among MSM, the injunctive norm of “assumed approval 

of condom use by others” was a significant predictor of self-reported condom use [64]. 

Descriptive norms are powerful correlates of motivation to engage in a behavior among 

youth [65].

Social systems theory suggests that networks provide resources such as information in ways 

that can affect HIV testing behavior [66]. Theory suggests that new information can 

facilitate action in a number of ways that could affect HIV testing behavior, including 

assisting with decision making [67, 68], problem solving [69–72], and pursuit or 

coordination of new lines of action [73–75]. Notably, prior research has shown a strong 

relationship between YMSMs’ HIV-related information acquisition and their involvement in 
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the gay community [76]. However, the potential role of social information acquisition in 

HIV testing behavior has not yet been examined.

We examine the simultaneous contribution of each of the above network characteristics and 

functions in HIV testing behaviors among YMSM. Building on the literature reviewed 

above, Fig. 1 depicts a model outlining the variables included in the analyses, and their 

relationships. In doing so, we focus on core discussion networks. The concept of “core 

discussion networks” refers to the subset of one’s personal network with whom one 

discusses “important personal matters”; this measure has been used since 1985 in the 

General Social Survey of the US population [77, 78]. The core discussion network typically 

includes people with whom we share moderately strong ties; these are people who are 

important in our lives and are often the people who provide us with various types of support 

[78]. For most Americans, core discussion networks include a mix of both kin and non-kin 

[78]. In this study, the primary theoretical justification for focusing on core discussion 

networks derives from previous research that showed that HIV-related issues tend to be 

discussed only with a subset of network members, typically including strong ties, such as 

partners, close friends or family, or health care or service providers [66–68].

To examine the relative importance of network- and individual-level factors, we assess 

network effects independent of the aforementioned individual-level traits, and compare the 

relative explanatory power (R2) of network-versus individual-level features on testing 

behaviors.

Methods

Sample

Participants included 194 YMSM who completed a web survey in 2011. Eligible 

participants were men between the ages of 18 and 24 who resided in Metropolitan Detroit 

and reported sexual activity with a male partner in the previous 6 months. We did not 

exclude HIV-positive participants from the study since the factors contributing to their 

decisions to seek HIV testing could contribute to our overall understanding of testing 

behavior among YMSM. Therefore, HIV status was not mentioned in any of the recruitment 

materials. To recruit a diverse sample, we recruited participants through a range of venues: 

university health clinics, dating websites, lesbian, gay, bisexual and transgendered (LGBT) 

organizations in the area, local bars/clubs, social media sites, public postings, AIDS service 

organizations (ASOs), and health departments. All participants were screened using an 

online tool that verified their eligibility, and they had to confirm comprehension of informed 

consent material and agree to participate in the study in order to complete the self-

administered survey. Each participant received a $25 e-gift card from either Amazon or 

iTunes for participating, based on their preference.

Procedures

The survey asked questions about demographics, social network relationships and 

interactions, HIV testing behavior and experiences, sexual and risk behavior, HIV-related 

knowledge and perceptions, and HIV information acquisition and use. The survey was 
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designed according to published best practices [79], pilot-tested and hosted on a Sawtooth 

web survey software-enabled dedicated website; this allowed participants to complete 

surveys online and have their responses recorded in a database. To address potential 

duplicate or false entries [80], we verified unique cases by cross checking participant IP and 

email addresses with various web applications (e.g. IP lookup, Facebook), without 

maintaining any record of this information or tying it to the data. All unverified cases and 

flagged entries were removed from analysis. After the final cases were identified, data were 

de-identified and transmitted to SPSS software. The National Institutes of Health granted the 

study a Certificate of Confidentiality, which ensured respondents’ privacy, even in the case 

of a legal subpoena. The study was approved by the Health Sciences and Behavioral 

Sciences Institutional Review Board of the University of Michigan. The survey was 

completed between March 29, 2011 and May 26, 2011.

Measures

Dependent Variables

Ever Had an HIV Test: This binary variable was created based on participants’ responses 

to the question with a free-text response: “How many times in total have you been tested for 

HIV?” and “Of the X times you have been tested for HIV, how many times have you been 

notified of the test results?” Due to the heavily skewed nature of these variables, a binary 

outcome variable (Yes = 1) was created to indicate whether participants had ever received an 

HIV test and if they had received the test results at least once.

Repeat Testing: Those who had been tested more than once, who and had received their test 

results every time they had been tested, were identified as “repeat testers” (Yes = 1).

Last Test in Past 12 Months: Participants who reported having been tested were then asked 

to “enter the date of your last HIV testing and counseling session”. The difference between 

the last test date and the date of the survey was then calculated in months. A binary variable 

(1 = Yes) was then created to identify whether participants had received their last HIV test 

within the past 12 months.

Independent Variables—Individual-Level Variables

Demographics: Participants provided their date of birth, which was used to calculate “Age”. 

The highest “Level of education” that they had completed was transformed, due to variable 

skewness, into a binary variable with two values: (1) “High school education or less” and (2) 

“Education beyond high school”. They also indicated their race (White/European American, 

Black/African American, Asian, Native American/Alaska Native, Hawaiian/Pacific Islander 

and Other), and ethnicity (Hispanic/Latino or not). To investigate potential testing disparities 

suggested by available literature [81], a binary “Black/African American or Hispanic/

Latino” variable indicated that the participant identified as being part of one or both of these 

groups.

Risk Behavior High-risk Sexual Behavior: A binary variable (High risk = 1) was created 

for participants who reported having engaged in anal (either receptive or insertive) or vaginal 
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sex (insertive only) without a condom in the previous 2 months with one or more partners 

whom they knew to be HIV-positive, or whose HIV status was unknown to them.

Substance Use: Participants were asked to answer “yes” or “no” to whether they used any of 

twelve controlled substances (not including alcohol) within the past 2 months. Responses 

were totaled and made into a binary variable (Yes = 1).

Sexually Transmitted Infection (STI) History: This was assessed by the question, “have 

ever been told by a doctor, nurse, or other health professional that you had any of the 

following sexually transmitted diseases?” Participants indicated “yes” or “no” to eight 

options, including “none of the above”. The total number of STIs that the participant had 

was then calculated as an “STI history” variable.

Internet Use to Seek Casual Partners: Based on an existing measure of partner-seeking 

among young MSM on the Internet [82], participants were asked how many times they had 

used the Internet in the past 2 months “to hook up”. Responses were on a 7-point scale 

ranging from “Never” to “More than once a day”. Because this survey was conducted prior 

to the widespread adoption of mobile applications to facilitate partner seeking among MSM 

(e.g., Grindr, Scruff), respondents’ answers most likely refer to use of web-based 

applications.

Psychosocial Factors Perceived Risk of HIV: Similar to Golub and Gamarel [18], this 

construct was assessed using a single question that asked participants to evaluate the 

likelihood that they will become “HIV-positive in the future”. Responses were on a 6-point 

scale ranging from “Extremely unlikely” to “Extremely likely”.

Perceived Behavioral Control Regarding HIV Testing: Drawing from the Theory of 

Planned Behavior (TPB) [83] and our previous published work on HIV testing intentions of 

YMSM [25], we administered a 5-point Likert-like scale asking respondents how easy or 

hard it would be for them to find a location nearby to get an HIV test. Higher values on this 

variable meant it was easier.

Attitudes Toward HIV Testing: Also drawing from the TPB and our previous research, we 

operationalized attitudes as the level of agreement with the statement, “Getting an HIV test 

is the responsible thing to do”. Response options were on a 5-point Likert-like scale, with 

“Strongly disagree” as the lowest value and “Strongly agree” the highest.

Information Use Regarding HIV Testing: Drawing from other research [84, 85], we 

developed an original 15-item scale that assessed use of HIV/AIDS information to make 

decisions related to HIV testing. We asked respondents, “In which of the following ways did 

you use the HIV/ AIDS information that you got in the past 12 months?” Among those 

participants who had indicated that they had received HIV/AIDS information from their 

social networks, we then measured frequency of using information as a summed score of 

five items focused on HIV testing, including “Decide whether to get tested for HIV,” “Find a 

place to get tested for HIV,” and “Decide whether to ask a casual sexual partner to get tested 

for HIV.” The five answer options ranged from “Never” to “A great deal.” When subjected 
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to a principal axis factor analysis with varimax rotation, one factor was produced with an 

Eigenvalue of 3.848 and explained 76.96 % of the variance explained. Reliability was 

excellent (α = 0.925).

Network Characteristics: Participants’ social networks were elicited using a name 

generator for core discussion networks adapted from the General Social Survey [86]. 

Participants were asked, “From time to time, most people discuss important personal matters 

with other people. Think about all of the people in your life with whom you have discussed, 

or would feel comfortable discussing, HIV/ AIDS prevention or testing. This might include 

friends, members of your family, sexual partners, coworkers, health care providers or 

acquaintances…please select up to 7 people that come to mind.” We believed it was 

important to specify that the core discussion network members named should be people with 

whom one could talk about HIV/ AIDS since such people would be those who would be 

most likely to affect one’s HIV/AIDS-related testing behavior, or provide support if 

someone were to test positive. The maximum network size of seven was chosen in light of 

national survey data showing that the average network size of Americans is 2.08, with the 

modal network size being zero and a mere 4.9 % of the population having six or more core 

discussion network members [78]. Due to the limitations of human memory, core discussion 

network data tend to be more accurate than alternatives that incorporate less close 

relationships, or “weak ties” [78]. After naming each network member, participants were 

asked to answer questions about the demographic characteristics of each member, their 

relationship with each them, the nature of interactions between them, and how well each of 

these network members knew one another (if at all).

Network Homophily: Gender and age homophily were first calculated using the validated E-

I index measure, which assesses the number of ties external to the group minus the number 

of ties internal to the group, divided by the total number of ties [87]. In this case, the E–I 

measure considered the number of people in the same age group (an age within 5 years of 

that of the participant vs. not in that age range) and the gender group (males vs. not males). 

Each score was then standardized. Next, we included responses to the question, “How many 

of your friends are men who also have sex with other men?” Responses were on a 5-point 

scale ranging from “None” to “Some” to “All”. Responses to this question were also 

standardized. Standardized scores for all three types of homophily were summed; in the 

resulting composite score, higher scores indicated more tie homophily.

Ego-Alter Tie Strength: In line with the extant literature, we used frequency of contact as an 

indicator of time spent with a person and therefore of tie strength [37–40, 88]. Our novel 

measure was constructed as follows. In free-text fields, participants indicated how often they 

communicated with each network member per week via several media “on average”. Media 

included the Internet, telephone, and face-to-face. Additionally, participants indicated how 

many text messages they send to each person “on an average day”; these were then 

transformed into weekly values. Responses for all media were then totaled for each network 

member, and then divided by network size to create an indicator of mean tie strength 

between the participant and their network members.
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Network Density: We used the standard measure of density [27]: the total number of ties 

present in a network divided by the number of possible ties in that network.

Strong Tie Proportion: Following the published literature [47], we assessed the overall 

network proportion of ties based on close interpersonal relationships. This was measured by 

the number of pairs of network members that participants indicated “know each other well”, 

divided by the total number of ties in the network.

Network Range: Based on the literature regarding network range as a measure of 

relationship type diversity [89], we calculated range using participants’ responses to the 

question “What is your relationship to this person?” regarding each of their network 

members. Options included parent, sibling, other family member, health care provider, best 

friend, friend or acquaintance, lover or boyfriend, and ex-lover. A total of the number of 

different relationships represented in the network was then created, with larger numbers 

indicating more variety in relationship types.

Network Functions Social Support: This was calculated to refer to the availability of HIV-

specific social support from network members named via the aforementioned procedure. 

After naming each network member, participants were asked to state whether (1) this person 

“would be supportive if you had HIV”; and (2) this person would go with them to get an 

HIV test. Responses were on a binary scale (1 = Yes, 0 = No). For each network member, a 

“social support” variable was created as a sum of the values for each of the two support-

related questions; these were then summed for a network total and then standardized.

Perceived Stigma: Given our focus on HIV testing behavior, we created a scale that 

measured perceived stigma specifically in the context of help-seeking in relation to HIV/

AIDS. We believed this narrow focus was important since broader manifestations of stigma 

such as prejudice and discrimination, often the focus of other instruments, may not have a 

strong impact on HIV testing behavior [90]. Our measure was based on an established 

measure concerning the perceived social costs of help-seeking [91] that was adapted to the 

HIV/AIDS context. The scale summed responses to four survey items; these concerned 

interactions with all members of a respondent’s personal network, including weaker ties, not 

just the core discussion network members identified elsewhere in the survey. Perceptions of 

stigmatizing attitudes were conceptualized as an indicator of social support from the broader 

social network since represents perceived acceptance and inclusion, or lack thereof, from 

others [92]. Furthermore, we reasoned that people outside of the core discussion network 

may be more likely to openly express stigmatizing attitudes concerning HIV/AIDS-related 

help-seeking, and we felt this was important to capture from a network perspective. Two 

items asked participants to state their level of agreement as to whether they would “make 

myself and the person I approached uncomfortable” if they asked another person for 

information about where to get tested for HIV, or what their HIV test results meant. 

Responses were on a 5-point scale from “Strongly disagree” to “Strongly agree”, with 

higher scores indicating more discomfort. The other two items also asked “how hard it 

would be” to discuss getting tested with someone the participant was dating or a casual 

partner. Responses to these questions ranged from “Very easy” to “Very hard” on a 5-point 
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scale, with higher scales indicating more difficulty. Principal axis factor analysis with 

varimax rotation revealed a single factor with an Eigenvalue of 2.445 and explained 61.13 % 

of the variance. The values for each of these four questions were summed and standardized. 

The reliability of this scale was good (α = 0.783).

Descriptive Testing Norms: This measure was based on a validated scale for subjective 

norms in AIDS prevention [93]. The scale represented the sum of responses to two questions 

on the subjective norms scale: (1) “Most people who are important to me have gotten an 

HIV test” and (2) “Most of my male friends have gotten an HIV test”. Responses were on a 

4-point scale from “Strongly Disagree” to “Strongly Agree”; these questions addressed 

interactions with everyone in a person’s social network (including weaker ties) and not just 

the core discussion network members since norms spread through weak ties as well as 

strong ones [32]. This scale had good reliability (α = 0.71).

Injunctive Testing Norms: This scale combined responses to two questions on the 

aforementioned validated subjective norms scale [93]: (1) “Most people who are important 

to me think that I should get tested for HIV” and (2) “Most people whose opinion I value 

have encouraged me to get an HIV test”. Responses were on a 4-point scale from “Strongly 

Disagree” to “Strongly Agree”. As above, this referred to interactions with anyone in the 

participant’s social network, not just core discussion network members, due to the fact that 

norms can be transmitted via both weak and strong ties [32]. The reliability of this scale was 

very good (α = 0.87).

Network-Mediated Information Acquisition: Based on extant theory and empirical research 

showing that HIV/ AIDS information is acquired from social networks via both purposeful 

and non-purposeful means [94–98], we created an original five-item scale that asked “how 

much you have gotten information in each of the following ways in the past 12 months”. 

Questions included “People give me HIV/AIDS information without me asking for it”, “I 

search for HIV/AIDS information with someone else” and “I ask someone else to look for 

HIV/AIDS information for me”. Responses were on a 4-point scale including “Never”, “A 

little”, “Some”, and “A lot”. We conducted a principal axis factor analysis with varimax 

rotation with these five items; results showed the existence of one factor with an eigenvalue 

of 2.72 and explained 54.31 % of the variance. Reliability was good (α = 0.78). To construct 

this measure, we then summed responses to these five variables. These questions concerned 

interactions with anyone in the participant’s social network, not only the core discussion 

network members. This decision was made since the existence of HIV prevention efforts 

directed towards MSM means that information may be obtained from health care providers, 

outreach workers, activists and others outside of the core discussion network. We felt that 

such information acquisition events were important to capture since they could influence a 

participant even if such information did not come from the confidantes in a core discussion 

network.

Data Analysis

We explored the distribution, central tendency and variance for each network-related and 

individual-related variable using descriptive statistics, graphs and plots (see Table 1). The 
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internal reliability of each scale was assessed with Cronbach’s alpha and factor analyses 

were conducted to evaluate their construct validity.

Logistic regression analyses were conducted to evaluate predictors of HIV testing behavior 

in the sample. Where appropriate to the measurement level of the variable, preliminary 

analyses were conducted to ensure no violation of the assumptions of normality and 

multicollinearity. Separate models were run for the three different outcome variables (ever 

tested, repeat testing, tested within the past 12 months). For the “ever tested” model, all 

participants (including those who were HIV-positive) were included. Results for the repeat 

testers model were unchanged when restricted to only those participants who had been tested 

at least once in their lifetime, and thus the full non-HIV positive sample (n = 179) was 

included in the final analyses. For the “tested within the past 12 months” sample, we 

excluded all participants who received an HIV diagnosis more than 12 months ago (n = 

179), since we reasoned that these people were already diagnosed and thus diagnostic testing 

would take on a different significance for them.

The variables were entered into each regression in steps. Variables were initially tested for a 

bivariate association with the outcome variable in unadjusted models, and then entered into 

multivariate adjusted models. Then, in order to determine the influence of network 

characteristics (tie characteristics and network structure), we ran our first model (Step 1). 

Next, the network function variables were entered (Step 2—social support, social influence 

and resource-related variables). Finally, the influence of individual-level factors, including 

demographic covariates, risk behavior and psychosocial factors was assessed (Step 3). Given 

the novelty of this research, the significance level was set at p < 0.10 for all analyses.

Results

Characteristics of Participants

Survey participants’ average age was 20.66 (see Table 1). More than half of the sample 

(57.2 %) was Black/African American, and 18 % of participants were Hispanic/Latino. 

Approximately half of the sample had a high school education or less. The majority 

identified as gay. Fifteen participants reported that they had received an HIV-positive test 

result.

With regard to risk behavior, a small proportion had engaged in serodiscordant sexual 

activity in the previous 2 months or had a history of STIs. Two-thirds had not sought casual 

partners on the Internet in the past 2 months. A minority had a main partner. Almost half had 

used controlled substances in the previous 2 months. On average, participants perceived their 

risk of HIV to be moderate (Table 1). Information use levels were also moderate. 

Participants generally endorsed a positive attitude regarding HIV testing, and felt that it 

would be easy to find a nearby HIV testing site.

As Table 2 shows, participants’ mean core discussion network size was 2.89 people, 

suggesting that their networks for potentially discussing HIV/AIDS were generally small. 

Participants had only moderately homophilous networks, with somewhat more gender 

homophily than age homophily. On average, participants indicated that “some” of their 
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friends were also MSM. There was considerable variance in tie closeness as measured by 

participants’ weekly contacts with network members, although participants were in frequent 

contact with them on average. Participants did not have highly cohesive core discussion 

networks: only 30 % of possible ties in networks were present on average, and an average of 

just 26 % of total network ties were strong. Networks were not characterized by large range, 

with a mean of 1.36 relationship types per participant. The most common relationship types 

were friends/acquaintances, best friends, and lover/boyfriend or ex-lover/boyfriend. Parents, 

siblings and other family members comprised 17 % of named members. Only 1 % of named 

members were health care providers.

As for network functions, participants reported little perceived HIV-specific social support 

from their core discussion network members. On average, norms regarding HIV testing 

tended towards more support for HIV testing. HIV-related stigma was moderate, as was 

network-mediated information acquisition.

Prediction of HIV Testing Behavior

Ever had an HIV Test—Just under two-thirds (64.4 %) of participants had ever had an 

HIV test (Table 1). As shown in Table 3, network range was the only network characteristic 

that significantly predicted having had an HIV test. The significant effect for network range 

remained significant after network functions were added into the model, but ceased to be so 

once adjusted for individual-level correlates.

As for network functions, only network-mediated information acquisition predicted having 

had an HIV test. This relationship remained significant after adjusting for network range. 

Information acquisition was significant in the final model; people who reported more 

acquisition of HIV/AIDS-related information from others were 1.76 times more likely to 

have had an HIV test than those who had not (OR = 1.76, p = 0.02).

As Table 3 shows, older YMSM were more likely to have had an HIV test. Perceived 

behavioral control had the strongest significant association with HIV testing: men with 

higher perceived control were 3.32 times more likely to have had a test than men who did 

not (OR = 3.32, p <.001). Drug use was also a significant predictor, with men who reported 

using controlled substances in the past 2 months being 2.60 times more likely to have had an 

HIV test, although the confidence interval for this coefficient was wide (OR = 2.60, p = 

0.02).

Thirteen percent of the variance in having ever had an HIV test was explained prior to 

adjustment for individual factors (Table 3). However, there was a 35 % increase in variance 

explained with the addition of individual factors. Thus, network-level related variables had 

much weaker predictive power than individual-level variables. Overall, the model explained 

a moderate amount of variance in whether participants had ever had an HIV test (Nagelkerke 

R2 = 0.45).

Repeat Testing—Ninety (53.6 %) participants had been tested more than once, and 

received their test results each time they were tested (Table 1). Of those participants, 41 

(45.6 %) stated that the reason for their last test was that they “get tested regularly”.
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As shown in Table 4, there were no network characteristics that significantly predicted 

repeat testing on either unadjusted or adjusted bases. Furthermore, network-mediated 

information acquisition was the only network function variable that significantly predicted 

repeat testing; this variable remained significant in the final model. Those who received 

more HIV-related information from others were 1.64 times more likely to have more than 

one HIV test (OR = 1.64, p = 0.01).

At an individual level, perceived behavioral control was a significant predictor of repeat 

testing on an adjusted basis. Specifically, those with greater perceived behavioral control 

were 2.46 times more likely to have obtained testing more than once (OR = 2.46, p < 0.001). 

Those who were older were more likely to have tested more than once; however, these 

effects disappeared for age in the adjusted model. Similarly, a significant negative 

association between education and repeat testing disappeared when other variables were 

taken into account. In the final model, participants who sought casual partners on the 

Internet were 1.72 times more likely to have an HIV test more than once (OR = 1.72, p = 

0.01).

As in the previous model, a network-related variable predicted repeat testing independent of 

individual-level correlates. The magnitude of this influence was moderate, however: a 

network function predicted 8 % of the variance in repeat HIV testing, with individual-level 

variables adding 22 % to the predictive power of the model. The final model predicted a 

moderate amount of variance in the likelihood of repeat testing (Nagelkerke R2 = 0.28).

Last Test was in the Past 12 Months—Under half (43.8 %) of participants had their 

last HIV test in the previous 12 months (Table 1). Table 5 demonstrates that network 

homophily predicted recent HIV testing on both an unadjusted and adjusted basis. In the 

final model, people with more homophilous networks were 2.10 times more likely to have 

had a test in the past 12 months (OR = 2.10, p = 0.02). Other network characteristics were 

not significant.

Both social support and social influence-related network functions were predictive of recent 

testing. Specifically, greater perceived stigma was associated with a reduced likelihood of 

recent HIV testing on both unadjusted and adjusted bases, with those who perceived greater 

stigma being 56 % less likely to have had an HIV test in the prior 12 months. However, 

direct social support was not significantly predictive. Furthermore, both descriptive and 

injunctive norms significantly predicted a recent HIV test on a bivariate basis, although only 

injunctive norms remained significant after adjustment for network characteristics (2.23 

times higher likelihood with more testing-supportive injunctive norms) (OR = 2.23, p = 

0.03). However, this variable was no longer significant after adjustment for individual-level 

predictors.

The individual-level variables that were most predictive of recent HIV testing were age—

younger men were more likely to have had a recent test—and attitudes toward testing. Those 

men who had more positive attitudes toward testing, i.e., that HIV testing is “the responsible 

thing to do”, were 2.44 times more likely to have had a recent HIV test (OR = 2.44, p = 

0.04).
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Other variables that significantly increased the odds of recent testing on an unadjusted basis 

were Black/African American or Hispanic/Latino identity and greater information use. 

Additionally, STI history and Internet use to seek casual partners significantly reduced the 

likelihood of testing in the past 12 months on an unadjusted, but not adjusted, basis.

Notably, network structure and function predicted HIV testing behavior independent of 

individual-level correlates. The magnitude of this influence was relatively high: network 

structure and function predicted 26 % of the variance in recent HIV testing, with individual-

level variables adding only 19 % to the predictive power of the model. Therefore, network-

related variables had stronger predictive power than individual-level variables. The final 

model predicted a moderate amount of variance in the likelihood of having had an HIV test 

in the previous 12 months (Nagelkerke R2 = 0.37).

Discussion

We explored the potential influence of a range of network-related and individual-level 

variables on HIV testing behavior. In a series of steps, we investigated predictors at network 

structure, function and individual levels for three HIV testing behaviors [ever had an HIV 

test, repeat testing and HIV testing in the previous 12 months (recent testing)]. One network 

characteristic (either tie characteristics or network structure) variable was predictive of the 

outcomes in two of the models. However only network homophily was significantly 

predictive of an outcome (recent testing) after adjustment for both network functions and 

individual characteristics. Network functions such as network-mediated information 

acquisition and perceived stigma were also significant in all three models; in each model, at 

least one variable remained significant after adjustment for both network characteristics and 

individual-level factors. Individual-level variables were predictive in all models, but the 

effects were strongest for ever having had an HIV test and repeat testing. In those models, 

age, perceived behavioral control, and positive attitudes were the most predictive variables. 

Overall, network structure (e.g., homophily and network range) and function (e.g., network-

mediated information acquisition and perceived stigma) predicted 13, 8 and 26 % of the 

variance in the ever tested, repeat testing, and recent HIV testing models, respectively. In 

other words, networks predicted a non-negligible amount of the variance in all of the HIV 

testing behavior models.

A notable finding of this research lies in the fact that network-related variables predicted 

HIV testing independent of individual-level correlates in all three models tested. Moreover, 

the magnitude of the influence of network-related variables was greatest in the recent testing 

model: they actually predicted a larger proportion of the variance in recent testing than 

individual-level variables. This suggests the value of multi-level interventions that 

incorporate network intervention strategies and outcomes in HIV testing interventions 

among YMSM. Additionally, it is notable that different predictors were relevant for each 

aspect of HIV testing behavior; accordingly, different network intervention strategies may be 

needed for promoting testing in general versus regular or recent testing.

Network homophily and range significantly predicted HIV testing-related behavior on an 

unadjusted basis. However, only homophily remained significant after adjustment for 
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individual factors. Theory suggests that mechanisms through which homophily may affect 

behavior include shared attitudes, behavioral self-evaluations and mimicry [32, 99–102]. 

These possibilities should be tested in future research. For example, as done in Chinese 

research, researchers should investigate behavioral cascades by examining the timing of 

network members’ HIV testing or HIV prevention activities as predictors of participants’ 

own testing behavior [12]. Although further research is needed, study findings nevertheless 

confirm the value of peer-based interventions for HIV testing.

We identified network range (relationship type diversity) as a predictor of HIV testing 

behavior, although this variable was no longer a significant predictor of ever having had an 

HIV test after individual-level variables were entered into the model. Along with findings 

regarding the importance of network-mediated information acquisition for both ever testing 

and repeat testing, this may align with theory suggesting that network range increases access 

to more resources, such as information and referrals [28]. Furthermore, research outside of 

the health field shows that information is a resource more easily acquired with greater 

network range, since it accords access to more diverse or potentially more valuable pools of 

knowledge [103–105]. These results offer the intriguing possibility that network 

diversification could be a network alteration intervention strategy to promote HIV testing 

[106].

We found that tie strength between participants and their network members was not a 

significant predictor of HIV testing. This is an unexpected finding in light of research 

showing that that strong ties influence HIV risk behavior among MSM [41]. Research with 

non-MSM samples of adolescents has shown that the sexual behavior of a youth’s “best 

friends” is associated with his or her own sexual behavior [107, 108]. There is also ample 

literature that shows that substance use among young people’s stronger ties is linked to their 

own substance use [43, 109, 110]. However, among MSM, stronger ties have also been 

found to moderate the effect of norms on HIV risk behavior [41] rather than having an 

indirect effect. While the sample size in this study did not permit such analyses, future 

researchers should examine the potential of moderating as well as direct effects for this 

variable. Additionally, although there was a great deal of variation in responses to this 

variable, it is possible that our focus on core discussion networks meant that named network 

members did not include weaker ties with whom participants spoke very rarely. If such 

people were included in the networks, tie strength may have been a significant predictor. To 

investigate this potential, future research should deliberately elicit information about both 

stronger and weaker ties of YMSM. Furthermore, our study differs from prior research in its 

consideration of multiple measures of network cohesion. Nevertheless, we did not find a 

relationship between network cohesion and HIV testing behavior.

Researchers have previously identified the fact that stigma can be a barrier to timely HIV 

testing [18, 60, 111, 112]. Similarly, we found that stigma in the context of help-seeking was 

a significant negative predictor of recent HIV testing. This suggests that stigma reduction 

strategies may be an important step towards meeting national HIV testing guidelines among 

MSM.
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Contrary to research findings in multiple health domains that show a positive association 

between social support and health-enhancing behaviors [28], social support did not 

significantly predict HIV testing behavior. It may be that our measure of HIV-specific social 

support did not capture the full range of testing-relevant supportive behaviors. Future 

researchers are entreated to use more multidimensional measures of these constructs. 

Furthermore, greater variance in support measures might be captured if researchers include 

weaker ties in future investigations.

Results reported here revealed a relatively minor role for norms in HIV testing behavior. 

Although injunctive norms predicted testing in the past 12 months on an unadjusted basis, 

these significant relationships vanished after entering other network variables and/or 

individual-level variables into the model. In contrast with our findings, recent Scottish 

research showed that MSM who perceived strong descriptive norms in favor of HIV testing 

were more likely to have had a recent HIV test [10]. Furthermore, a recent study of non-

MSM Mexican–American men demonstrated that descriptive norms regarding testing were 

associated with a stronger intention to have an HIV test [113, 114]. In the present research, 

however, we included network-mediated information acquisition, a variable that was a 

significant predictor in the final models for ever having had an HIV test and for repeat 

testing. Since norms might be thought of as a form of information, it is possible that norm 

communication was encompassed in this measure. The contribution of network-mediated 

information to HIV testing confirms the value of induction-based network interventions 

[106] that focus on prompting information sharing; such approaches are now common in 

HIV prevention.

The attitude that HIV testing “is the responsible thing to do” significantly predicted recent 

HIV testing. This has resonance with other HIV research that showed that partner protection 

can be a motivator for engaging in sexual risk reduction and/or HIV testing [26, 115]. In 

other research, MSM with both main and non-main male partners had higher rates of testing 

than those who had only non-main male partners [17]. This finding suggests the value of 

HIV testing interventions that focus on this sense of personal responsibility, although such 

messages should be carefully contextualized so as to avoid unintentional reinforcement of 

HIV stigma.

Perceived behavioral control was a significant predictor of both having ever had an HIV test 

and repeat testing. Indeed, this variable had the strongest association with both behaviors. 

However, due to the cross-sectional nature of this study, it is impossible to identify whether 

this perceived control preceded, or resulted from, HIV testing. Order effects seem 

particularly important in this case given that the ability to identify an HIV testing location 

nearby should be linked to having had a test in that location. Future research of a 

longitudinal nature should investigate these relationships.

We found that risk behavior had an inconsistent relationship with HIV testing behavior. 

While serodiscordant sexual activity was not a significant predictor of HIV testing behavior, 

casual partner-seeking on the Internet was associated with repeat testing. This research 

therefore finds partial resonance with prior research showing an unclear or negative 

relationship between risk behavior and testing [10, 12, 23, 116]. Additionally, this study 
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showed an association between drug use and having ever had an HIV test. Such an 

association may have emerged because HIV testing is often recommended as part of 

addiction treatment programs; future work should investigate this context for testing among 

YMSM. Like others, we found that individual MSM’s perceptions of risk were positively 

associated with HIV testing [6, 15, 18, 23, 24], although this variable was not significant in 

any of the final models. Accordingly, there is tentative evidence that assisting YMSM in 

developing risk perceptions that align with federal HIV testing guidelines may provide an 

opportunity for HIV testing promotion.

Results of the study should be interpreted in light of several limitations. First, the study was 

cross-sectional, and thus it is impossible to determine order effects; for example, perceived 

behavioral control and attitudes could have emerged as a consequence of HIV testing rather 

than the reverse. Additionally, the study’s participants were recruited in part through health 

clinics, ASOs and health departments; YMSM recruited from these sites may have been 

more likely to have had an HIV test than the general population of MSM. Participants 

recruited at LGBT or ASOs in the area, as well as those from local bars/clubs, and online 

venues may have also been more connected to other YMSM than YMSM in general. Such 

factors may also make participants more likely to obtain testing, suggesting a potential bias 

in the sample towards YMSM who are likely to seek HIV testing. Furthermore, we focused 

the study on core discussion networks in the context of this research while creating several 

measures that could capture network functions not confined to core discussion network 

members (e.g., perceived stigma). However, given that the spread of some health behaviors 

(e.g., obesity [32]) are best understood at the whole network level, this research is limited in 

its focus on egocentric networks. In addition, our measure of tie strength was based on 

communication frequency. Although we felt that this approach to measurement was 

appropriate due to our focus on core discussion networks, some literature has argued instead 

that tie closeness should instead be measured as one’s subjective feelings of closeness to a 

network member (e.g., [40]); furthermore, this measure has not previously been used in 

research with MSM. Additional research is needed to determine the most appropriate 

measures of tie strength for MSM, and in the context of different network types. Finally, 

since the survey was conducted in spring 2011, HIV testing was not yet available through 

home testing means. Accordingly, the applicability of these findings to home testing is 

unknown.

Conclusions

Results of this study highlight the potential for multi-level interventions to promote HIV 

testing, including efforts focused on social networks. Network characteristics and functions 

significantly predicted three HIV testing behaviors over and above individual-level 

characteristics, with network variables including homophily and stigma being even more 

predictive than individual-level factors for recent testing. However, the relative importance 

of each varied by testing behavior, with individual-level factors proving more important for 

ever testing and repeat testing. Future research should investigate the dynamics of, and 

differences between, these three HIV behaviors—particularly from a network perspective. 

There is a significant need for novel, multi-level strategies to encourage YMSM to have their 

first HIV test, and to keep coming back at regular intervals.
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Fig. 1. 
Model of the role of network characteristics, network functions and individual 

characteristics in HIV testing behavior

Veinot et al. Page 24

AIDS Behav. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Veinot et al. Page 25

Table 1

Survey participant demographics, risk behavior and psychosocial characteristics (n = 194)

Percentage Number Mean (SD); range

Age

    Mean (s.d.) 20.66 (1.71); 18–24

Racea

    Black/African American 57.2 111

    White/European American 38.7 75

    Native American/Native Hawaiian/Pacific Islander 5.2 10

    Asian 6.2 12

    Other 6.7 13

    Hispanic/Latino 17.5 34

Education

    Some high school 5.2 10

    High school/GED 47.4 92

    Technical school 1.5 3

    Some college 35.6 69

    Bachelor’s/graduate degree 9.8 18

Sexual identity*

    Gay 84.5 154

    Bisexual 13.5 26

    Heterosexual 3.6 5

    Other 3.1 6

Risk behavior

    High-risk sexual behavior in the past 2 months 9.3 18

    Substance use in the past 2 months 48.2 92

    STI history 13.9 27 0.22 (0.61); 0–4

    Internet use to seek casual partners in the past 2 months

        Never 67.0 130

        1–3 times per month 19.0 37

        1–6 times per week 9.8 19

        One or more times per day 3.0 6

    Has main partner 16.0 31

Psychosocial characteristics

    Perceived risk 2.27 (1.23); 1–6

    Perceived behavioral control re: testing 4.12 (0.92); 1–5

    Attitude to testing 4.44 (0.79); 1–5

    Information use 11.73 (9.28); 0–25

HIV testing

    Has ever had an HIV test 64.4 125

    Repeat HIV tester 46.4 90

    Last HIV test in past 12 months 43.8 85
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Percentage Number Mean (SD); range

HIV-positive 11.6 15

a
More than one response possible
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A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Veinot et al. Page 27

Table 2

Survey participant social network functions and characteristics (n = 194)

Mean (SD); range

Network size 2.89 (2.64); 0–7

Network characteristics

  Tie characteristics

    Homophily

      Age (E–I index) 0.05 (0.40) −1 to +1

      Gender (E–I index) 0.17 (0.54) −1 to +1

      Sexual orientation 3.22 (1.11); 1–5

      Ego-alter tie strength (mean number of communications with each network member per week) 92 (283.92); 0–2134

Network characteristics

  Network structure

    Density 0.32 (0.40); 0.00–1.00

    Strong tie proportion 0.26 (0.37); 0.00–1.00

    Range 1.32 (1.35); 0–5

Network functions

  Social support

    Network-mediated social support 2.54 (4.39); 0–14

    Perceived stigma 8.66 (3.54); 4–19

  Social influence

    Descriptive testing norms 5.71 (1.52); 2–8

    Injunctive testing norms 5.89 (1.74); 2–8

  Resources

    Social information acquisition 9.74 (3.55); 5–20

a
Includes texting
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