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Abstract

Theory and research on HIV and among men who have sex with men (MSM) have long suggested 

the importance of non-residential locations in defining structural exposures. Despite this, most 

studies within these fields define place as a residential context, neglecting the potential influence 

of non-residential locations on HIV-related outcomes. The concept of activity spaces, defined as a 

set of locations to which an individual is routinely exposed, represents one theoretical basis for 

addressing this potential imbalance. Using a one-time online survey to collect demographic, 

behavioral, and spatial data from MSM, this paper describes activity spaces and examines 

correlates of this spatial variation. We used latent class analysis to identify categories of activity 

spaces using spatial data on home, routine, potential sexual risk, and HIV prevention locations. We 

then assessed individual and area-level covariates for their associations with these categories. 

Classes were distinguished by the degree of spatial variation in routine and prevention behaviors 

(which were the same within each class) and in sexual risk behaviors (i.e., sex locations and 

locations of meeting sex partners). Partner type (e.g. casual or main) represented a key correlate of 

the activity space. In this early examination of activity spaces in an online sample of MSM, 

patterns of spatial behavior represent further evidence of significant spatial variation in locations 

of routine, potential HIV sexual risk, and HIV prevention behaviors among MSM. Although 

prevention behaviors tend to have similar geographic variation as routine behaviors, locations 

where men engage in potentially high-risk behaviors may be more spatially focused for some 

MSM than for others.
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INTRODUCTION

Despite recent global and national declines in new HIV infections, HIV incidence has 

increased among young MSM and both geographic and racial/ethnic disparities remain 

(Centers for Disease Control and Prevention, 2015a; Lieb et al., 2011; Prejean et al., 2011). 

These continued disparities suggest that, relative to other high-risk groups, large-scale HIV 

prevention efforts focusing on individual behavior change have been less effective in 

slowing the HIV epidemic among MSM (Sullivan et al., 2012). In response, the role of 

place, including network and structural factors, in patterning risk and prevention behaviors 

has received renewed attention (Baral et al., 2013; Buot et al., 2014; Frye et al., 2006; 

Millett et al., 2012).

However, most studies within the HIV literature define place as a residential context, 

neglecting the potential influence of non-residential locations on HIV-related outcomes 

(Bowleg et al., 2014; Buttram and Kurtz, 2013; Carpiano et al., 2011; Jeffries et al., 2013; 

Latkin et al., 2013; Surratt et al., 2015; Vaughan et al., 2014). Place-based theory and 

research on HIV and among MSM have long suggested the importance of non-residential 

locations in defining structural exposures (Baral et al., 2013; Buot et al., 2014; Frye et al., 

2006; Lansky et al., 2000; Verghese et al., 1989). Non-residential locations may be 

especially critical in health research among MSM, for whom routine behaviors may be 

separate from HIV risk and prevention behaviors due to either stigmatization or the spatial 

distribution of resources (Carrel et al., 2014; Oster et al., 2013, 2011; Rothenberg et al., 

2005; Sibley, 1995; Tobin et al., 2014, 2013).

In response, the concept of activity spaces, defined as a set of locations to which an 

individual is routinely exposed, has been developed. This concept formally acknowledges 

the potential influence of non-residential locations (Inagami et al., 2007; Matthews and 

Yang, 2013; Perchoux et al., 2013) and has recently entered the MSM health literature 

(Duncan et al., 2014a; Koblin et al., 2013). With these initial descriptions, these studies 

employed the geographic overlap of neighborhoods to show that MSM largely socialize and 

have sex outside of their residential neighborhoods. The natural next step in this emerging 

body of research is to more fully describe spatial patterns in these locations. That is, given 

the existence of this geographic overlap in these behaviors, we may now explore where this 

geographic overlap of behaviors occurs.

Describing these spatial patterns may inform the geographic targeting of interventions to 

where relevant behaviors occur, rather than where individuals live (Aral et al., 2015; Lasry et 

al., 2012; Nunn et al., 2014). Additionally, this descriptive work sets the stage for future 

research into potential associations with non-residential contexts and activity spaces on HIV 

sexual risk and prevention behaviors of MSM. Therefore, using a one-time survey to collect 

demographic, behavioral, and spatial data from an online sample of MSM, this analysis 

describes activity spaces of MSM and examines correlates of these spatial patterns.

Vaughan et al. Page 2

Soc Sci Med. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



METHODS

Recruitment

Participants were recruited using Facebook banner ads targeted to users based on geography 

and interests, with ads running from September 21 through October 5, 2015 (Appendix A). 

This method yields samples similar to venue-based methods of recruiting MSM (Hernandez-

Romieu et al., 2014; Sullivan et al., 2014, 2011). A $3 donation to a charity the participant 

selected from a pre-defined list was provided as incentive.

Eligible participants were required to be: male at birth, aged 18+ years, report at least one 

male sex partner in the past 6 months, able to read and write English, and to reside in one of 

nine metropolitan statistical areas (MSA) with the largest numbers of new diagnoses in 2013 

(New York City, Miami, Los Angeles, Washington, DC, Atlanta, Chicago, Houston, Dallas, 

and Philadelphia). In the United States, these MSAs represent half of all new HIV cases 

(Centers for Disease Control and Prevention, 2015a) and approximately 35% of the MSM 

population (Grey et al., 2016). MSA boundaries were defined using the U.S. Census 

Bureau’s 2013 delineations.

Collection of Place-Based Data

Consenting participants completed an online survey containing demographic and behavioral 

questions, including residential ZIP code at the time of data collection. In addition to these 

questions, participants indicated specific locations by dropping a pin onto a Google map 

embedded within the survey. This tool is valid and reliable for a broad sample of MSM 

(Dasgupta et al., 2014; Vaughan et al., 2016). The requested locations may be grouped into 

those associated with routine behaviors, with potential HIV sexual risk behaviors, and with 

HIV prevention behaviors as follows (Appendix B):

• Routine locations: Home; work or school location (if the participant reported 

working at least part time or being a student); two socialization locations; 

primary care physician (if the participant reported having a regular primary care 

physician); pharmacy (if the participant reported having a regular pharmacy).

• Potential sexual risk locations: For the past three sex partners within the past six 

months, the location where the participant met the partner and the location of the 

most recent sexual encounter. The locations of meeting sex partners are included 

in this category since these types of locations may connect sexual networks and 

be associated with high-risk sexual behaviors (Kelly et al., 2012; Oster et al., 

2013; Tobin et al., 2014). Participants were allowed to report meeting sex 

partners online or using a mobile app. Since these are not physical locations, they 

were not considered in this analysis.

• Prevention locations: Location of last HIV test, within the past year; location of 

last test for another sexually transmitted infection (STI), within the past year; 

primary care physician and pharmacy (if the participant reported currently 

receiving HIV treatment or regularly taking pre-exposure prophylaxis (PrEP)). 

Pharmacy and physician locations included as prevention locations were 

excluded as routine locations.
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Covariate Measures

Individual-Level Covariates—As an individual’s activity space may be defined by either 

the individual’s choices or by constraints placed upon the individual (Matthews and Yang, 

2013), covariates included in the study represented demographic variables, transportation-

related variables, HIV-related variables, and geographic factors that could spatially influence 

an individual’s activity space. Demographic variables were: age, race, education, and recent 

immigration. Age was categorized into three groups with breaks at ages 30 and 51, with the 

age 30 representing the age division between increasing and stable rates of new HIV 

diagnosis and age 51 reflecting the Centers for Disease Control and Prevention’s reporting 

of HIV surveillance data (Centers for Disease Control and Prevention, 2015a, 2015b). Self-

reported race/ethnicity was categorized as Hispanic/Latino, non-Hispanic black (“black”), 

non-Hispanic white (“white”), or non-Hispanic other (“other”). Education was categorized 

as high school diploma or less, any college, or college degree. Participants were also asked 

when they moved to their current town.

Transportation-related variables included primary mode of transportation and transportation 

instability. Primary mode of transportation was dichotomized into primarily using a car or 

primarily using other, non-car transportation. Transportation instability was defined as any 

reported instance within the past six months of being unable to do something necessary 

because of not having a way to get there.

HIV-related factors included HIV-status, partner type, and outness. HIV status was self-

reported. Participants were allowed to respond to questions about up to three sex partners in 

the last six months. Each sex partner was identified as a main or casual partner. The degree 

to which the participant’s sexual orientation was known to others (“outness”) was assessed 

using a seven-point scale, with values of 6 or 7 categorized as highly out (Pachankis et al., 

2008).

Area-Level Covariates—We also included geographic factors that represent higher-level 

social context and the spatial distribution and availability of resources. MSA was defined as 

the MSA where the participant reported currently living. Residential poverty and residential 

population density were defined based on the census tract of the reported residential 

location. Poverty was obtained from the US Census Bureau’s 2009–2013 5-Year American 

Community Survey estimates and categorized as low (<20% poverty) or high (≥20% 

poverty), based on federal poverty definitions. Population density was based on 2010 

population estimates from the US Census Bureau. For each MSA, high density was defined 

as the top quartile of census tracts. Categories of poverty and population density were then 

combined into a single variable representing the distribution and availability of resources.

Categorizing Activity Spaces

To define activity spaces of MSM for analytic purposes and public health action, we must 

reduce the dimensionality of multiple locations into a single, concise, meaningful 

categorization. Research in other fields (such as obesity and environmental epidemiology) 

has focused on geometric relationships between points (Perchoux et al., 2013; Rainham et 

al., 2010; Sherman et al., 2005), or on visual inspection of spatial patterns (Basta et al., 
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2010; Wiebe et al., 2016). However, since a lack of physical activity and movement are not 

direct risk factors for HIV, these measures may be less applicable to HIV epidemiology and 

subsequent public health application.

Consequently, recent studies of HIV-related activity spaces have used the overlap of areas 

defined by that individual’s behaviors, either administratively-defined areas (e.g. counties) 

(Duncan et al., 2014a) or participant-defined neighborhoods (Koblin et al., 2013). The 

presence of overlapping areas in which an individual engages in specific behaviors 

established the existence of geographic separation among specific behaviors, but lacks more 

nuanced information about the degree and spatial structure of that geographic separation. By 

exploring where geographic overlap occurs instead of simply if geographic overlap occurs, 

we may better understand the spatial structure of behaviors and better target interventions. 

For example, we could consider whether an individual’s home and doctor are in the same 

census tract, county, or MSA, creating a measure of the degree of spatial variation across 

these locations.

Additionally, as opposed to potential geometric measures, using administratively-defined 

areas to define the degree of overlap (or concordance) may also inform geographic targeting 

of interventions and resources (Aral et al., 2015; Lasry et al., 2012; Nunn et al., 2014). For 

example, interventions, funding, and policy decisions at different governmental levels may 

reach different populations in the presence of large geographic variation in behaviors.

We measured the concordance of administratively-defined areas by first geocoding all 

locations to a census tract, county, and MSA. We then determined the smallest geographic 

level (census tract, county, MSA, or out of the MSA) for which the locations were 

concordant. To account for varying sizes of census tracts across levels of urbanicity and 

across MSAs, census tracts were considered to be concordant if they were immediately 

adjacent or, for the smallest quartile of census tracts, were second-order adjacent (e.g. 

neighbors of neighbors).

Given these measures of concordance for all pairs of locations, we then used latent class 

analysis (LCA) to create an activity space categorization. LCA posits that the observed data 

reflect unobserved underlying structure, and creates categories reflecting this latent structure 

(Collins and Lanza, 2010; Hagenaars and McCutcheon, 2002).

As LCA inputs, we selected specific measures of concordance that allowed for the spatial 

separation of locations that may be stigmatized or may have limited spatial distribution 

(Baral et al., 2013; Buot et al., 2014; Cummins et al., 2007; Frye et al., 2006; Sibley, 1995). 

The LCA inputs also acknowledged the centrality of home as a geographic reference point. 

With the exception of the last variable below, these inputs took one of four values (census 

tract, county, MSA, or beyond the MSA). These inputs were defined as follows:

1. Concordance of routine locations: The smallest geographic level (i.e. census 

tract, county, MSA, beyond MSA) containing two-thirds of six possible routine 

locations. This variable represents the geographic area in which the participant 

performs most routine activities, but does not require the centrality of home.
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2. Concordance of home and work/school: The smallest geographic level 

containing both home and work/school.

3. Concordance of home and socialization locations: The smallest geographic level 

containing home and either reported socialization location.

4. Concordance of home and testing locations: The smallest geographic level 

containing home and the location of the HIV or STI test.

5. Concordance of home and treatment locations: The smallest geographic level 

containing home and either the physician or pharmacy locations for HIV-positive 

participants or participants regularly using PrEP.

6. Concordance of sex locations: The smallest geographic level containing all sex 

locations.

7. Concordance of locations of meeting sex partners: The smallest geographic level 

containing all locations where sex partners were met. Online locations were not 

considered in this measure.

8. Concordance between home and sex locations: Whether all, some, or no sex was 

reported at home.

Using these eight variables, we fit latent class models with 2 to 10 classes. We assessed 

model fit using change in log-likelihood, Bayesian information criterion (BIC), and entropy 

(Collins and Lanza, 2010; Nylund et al., 2007). We also considered interpretability of the 

model results in determining the number of classes (Muthén and Muthén, 2000). After 

selecting the LCA model, the posterior probability of each participant’s membership in each 

class was obtained.

Associations between Covariates and LCA Class Membership

We then used logistic regression to describe characteristics of individuals composing the 

activity space classes. Given the multi-level, unordered measure of activity space, we could 

have used polytomous logistic regression (Kleinbaum and Klein, 2010). However, 

interpreting results from these models is not intuitive as they require defining both exposure 

and outcome reference groups. Consequently, we used logistic regression to model the odds 

of an individual being in a given class compared to not being in that class. Potential 

correlation of participants within MSAs was accounted for using a random intercept for each 

MSA. All covariates described above were included in the model.

To account for uncertainty in the assignment of participants to LCA classes, logistic 

regression models were run for 1000 replications, with the LCA class for each participant 

assigned using the posterior probability of class membership. We then used combining 

equations to calculate the summary OR and 95% confidence intervals (CI) (Reiter, 2003).

Analysis Software

Data management and analysis were performed using SAS v9.4 (SAS Institute, Cary, NC). 

Latent class analysis was performed using proc LCA v1.3.2 (Lanza et al., 2007). Geocoding 
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and spatial data manipulation were completed in R v3.2.1 (R Foundation for Statistical 

Computing, Vienna, Austria).

RESULTS

Sample Characteristics

Of 136,402 men presented with the Facebook ad, 5,281 men (3.9%) clicked on the ad to 

enter the eligibility screening (Figure 1). Of these, 949 men (18.0%) were eligible and 

consented to participate in the study. 648 men (68.3%) completed the survey.

To reduce misclassification of locations, participants were further restricted based on the 

quality of the reported spatial data. Of 446 participants who placed a home location in the 

reported ZIP code, the range of distances between the ZCTA centroid and the home location 

was 0.1 to 9.3 km. Using this range as a threshold for data quality, 73 participants indicating 

a home location >9.3 km from the reported ZCTA centroid were excluded. 18 participants 

not reporting a home location and providing data of sufficient quality were also included. 

Therefore, the final sample included 588 participants.

Our sample represented a wide range of ages and incomes, living in both high and low 

poverty census tracts (Table 1). Our sample was young and highly educated. Roughly 26% 

of the sample was non-white.

Activity Space Categories

Using a combination of model fit and interpretability, the five-class model was considered 

most appropriate (Table 2). Figure 2 shows item-response probabilities corresponding to 

each class. These values represent the probability of a particular response to a particular 

variable being included in a given latent class.

Table 3 summarizes the characteristics of each class; Figure 3 provides a high-level 

graphical representation of the nesting of behaviors within geographic areas for each class. 

Classes were distinguished by the geographic level of concordance in routine and prevention 

behaviors (which were the same within each class) and in potential sexual risk behaviors 

(i.e., sex locations and locations of meeting sex partners). Based on the item-response 

probabilities, we labeled the five classes as: “census tract-concentrated” (abbreviated as CT, 

16% of the sample using most likely class membership), “county-concentrated, local 

potential risk” (CL, 30%), “county-concentrated, disperse potential risk” (CD, 24%), “MSA-

concentrated, local potential risk” (ML, 15%), “MSA-concentrated, disperse potential risk” 

(MD, 15%). Men in the “census tract-concentrated” class generally reported all locations 

including locations of sex and meeting sex partners, close to home (i.e. in the same or 

adjacent census tracts). Men in the “county-concentrated, local potential risk” and “MSA-

concentrated, local potential risk” classes generally reported routine and prevention 

behaviors farther from home (i.e., within in the same county and MSA, respectively, as their 

home), with potential sexual risk behaviors limited to a small area surrounding the home. 

Conversely, men in the “county-concentrated, disperse potential risk” and “MSA-

concentrated, disperse potential risk” classes generally reported routine, prevention, and 

sexual risk behaviors far from home, in the same county and MSA, respectively.
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Associations between LCA Classes and Covariates

Table 4 presents modeled associations between each class and the covariates of interest. 

Compared to all other classes combined, members of the Census Tract-Concentrated class 

had greater odds of being less educated, living in poorer areas, recently moving to town, and 

not using a car. Individuals in this class had twice the odds of having both main and casual 

partners (OR: 1.9, 95% CI: 1.1–3.5) as having only main partners.

Membership in the County-Concentrated, Local Potential Risk class reflected greater odds 

of living in highly urban areas, especially the Los Angeles and New York City MSAs (Table 

5), and greater odds of being older. Participants in this class had much lower odds of 

reporting any casual partners than participants in other classes combined (OR for both main 

and casual partners: 0.1, 95% CI: 0.1–0.3, OR for only casual partners: 0.3, 95% CI: 0.2–

0.5).

Members of the County-Concentrated, Disperse Potential Risk class had greater odds of 

being younger and living in the Los Angeles and New York City MSAs. Importantly, relative 

to other classes combined, the odds of reporting casual sex partners were much greater for 

this class (OR for both main and casual partners: 8.9, 95% CI: 4.4–18.0, OR for only casual 

partners: 7.4, 95% CI: 3.6–15.0).

Conversely, members of the MSA-Concentrated, Local Potential Risk class had much lower 

odds of reporting casual partners (OR: 0.3, 95% CI: 0.2–0.6, OR for only casual partners: 

0.3, 95% CI: 0.2–0.6). This class also had greater odds of living in the New York City or 

Washington, DC MSAs and lower odds of living in the Los Angeles MSA.

Finally, members of the MSA-Concentrated, Disperse Potential Risk class had lower odds of 

being older and higher odds of transportation instability. These men had greater odds of 

living in low density neighborhoods, especially the New York City or Atlanta MSAs and 

lower odds of living in the Los Angeles MSA. Members of this class also had much greater 

odds of reporting casual sex partners (OR for both main and casual partners: 4.0, 95% CI: 

1.9–8.2, OR for only casual partners: 3.4, 95% CI: 1.7–7.0).

DISCUSSION

Using LCA, we explored spatial variation in the locations of routine activities, HIV-related 

potential sexual risk, and prevention behaviors among an online sample of MSM. 

Specifically, this analysis reduced a large number of locations important in the lives of MSM 

into a single, concise variable that could be used analytically and had relevance for public 

health action. The identified categories of activity spaces ranged from those in which men 

remained near home for all behaviors to those in which behaviors spanned multiple counties. 

Overall, the activity spaces of 84% of participants were defined by behaviors occurring 

outside of the home census tract.

This analysis revealed two key factors defining the activity spaces of MSM recruited online: 

the spatial overlap of routine and prevention behaviors and the potential spatial segregation 

of sexual risk behaviors from routine and prevention behaviors. Although the lack of 
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geographic concordance between home and other behaviors has been reported for MSM 

(Duncan et al., 2014a; Koblin et al., 2013; Oster et al., 2013, 2011), our study found that an 

individual’s prevention behaviors generally have similar spatial distribution as routine 

behaviors, but potential sexual risk behaviors may vary from this routine spatial pattern. 

With this variation, individuals may encounter multiple contexts, including economic, 

structural, and health-related, which may vary greatly from their residential context (Inagami 

et al., 2007).

These classes of activity space in turn reflect geographic and personal factors that may 

constrain or expand movement with or without the individual’s express volition. Our results 

first suggest the importance of geography in constraining activity spaces. As our categories 

are based on the overlap of administratively-defined areas, the size of the census tracts, 

counties, and MSAs directly determine the potential for behaviors to be in the same area. 

For census tracts, we accounted for this by effectively enlarging smaller tracts using their 

neighbors. Similarly, associations between activity space classes and specific MSAs may be 

markers of MSA geography. For example, two counties comprise the Los Angeles MSA, 

one much larger than the other, potentially restricting its residents to county-based classes. 

Likewise, the New York City MSA is composed of relatively small, highly-connected 

counties, affording its residents greater spatial variation in behaviors and thus facilitating 

membership in the MSA-concentrated classes.

Apart from the geography of MSAs, the spatial distribution of resources may push MSM 

away from or pull MSM towards specific locations. Our combined measure of population 

density and poverty represented a broad measure of resource availability and access. Patterns 

of associations between the activity space classes and this combined measure may reflect 

difference in both the spatial distribution and accessibility of locations where prevention and 

sexual risk may occur, including HIV testing, HIV treatment, and locations where MSM 

congregate. High poverty, average density areas of MSAs may have less availability of 

testing and prevention resources and men may have less access to those resources (Dasgupta 

et al., 2015; Kalichman et al., 2015), providing one possible explanation of a spatially 

restricted activity space. Men living in these high poverty, average density areas were also 

more likely to be members of an activity space class with local, rather than diverse, sexual 

risk, possibly due to the spatial distribution of MSM and limited locations where MSM may 

gather (Delaney et al., 2014). In contrast, individuals living in high-poverty, high-density 

areas may have greater access to potential locations of risk and prevention behaviors, despite 

having fewer resources, resulting in the county-concentrated activity spaces among men in 

these areas.

Within these spatial structures, the individual must engage in behaviors at specific locations 

to define his activity space (Baral et al., 2013; Frye et al., 2006). Spatial variation in routine 

and prevention behaviors, which tended to spatially overlap in this study, could be limited by 

recently moving to town or by transportation access (Dasgupta et al., 2015; Kalichman et al., 

2015). However, as a key component of this categorization of activity space, spatial variation 

in an individual’s potential sexual risk behaviors may especially be shaped by individual, 

rather than geographic, factors. Younger MSM, who are at highest risk of acquiring HIV 

(Johnson et al., 2014; Sullivan et al., 2015), were more likely to engage in potential sexual 
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risk behaviors across a county. Additionally, in this study, partner types represented a key 

determinant of the activity space. Having any casual partnerships may place MSM at greater 

sexual risk for HIV and STI acquisition (Rosenberg et al., 2013). The observed activity 

space categories may then serve as markers of sexual networks with elevated risk.

The spatial variation in these key behaviors has critical implications for developing and 

implementing HIV-related interventions among MSM. Calls have been made for increased 

geographic targeting of interventions in order to reach most at-risk populations (Aral et al., 

2015; Lasry et al., 2012; Nunn et al., 2014). However, when informed by surveillance data, 

this targeting is generally based only on residential locations. Our results show that, for most 

MSM, interventions targeted in this manner could miss key geographic opportunities. For 

example, interventions could be targeted to locations where sexual risk and prevention 

behaviors occur, which are frequently outside the home neighborhood in high-risk groups.

However, our observed spatial variation may confer a hidden benefit to the current 

residence-based geographic targeting of interventions. The large observed spatial variation 

may give MSM greater opportunity to be exposed to interventions. By visiting locations 

across his county or MSA, an individual may encounter geographically-targeted 

interventions that were not designed to reach him. Similarly, MSM living in locations 

targeted by interventions may also diffuse interventions through their travels.

This study represents an early exploration of the activity spaces of internet-using MSM and 

attempt to quantify activity spaces for epidemiologic research. Future work will refine this 

view, including accounting for the time visiting each location and acquiring a more complete 

set of visited locations (Duncan et al., 2016). Future work may also examine variation in 

contextual exposures contained within these activity spaces and determine the most critical 

contexts for specific behaviors, since home may not be the most relevant exposure (Kwan, 

2012).

This study has limitations. First, generalizability of these results is a critical concern. Our 

participants were largely white, educated, urban, and highly out, and may not be 

representative of MSM in either these MSAs or in the entire country. However, prior online 

studies of MSM had similar demographics (excepting race) as samples recruited using 

venue-time based sampling (Hernandez-Romieu et al., 2014; Sullivan et al., 2014, 2011).

Potential misidentification of locations is another limitation (Duncan et al., 2014b). Using 

recent locations minimizes this concern, provided participants can correctly use the map. 

This concern may be further minimized by using a familiar Google map in an online 

population which has been shown to result in valid, high quality data (Dasgupta et al., 2014; 

Vaughan et al., 2016). Additionally, LCA represents just one method of categorizing activity 

spaces, and neglects timing and other potentially relevant locations. However, as theory 

informed our selected inputs (Baral et al., 2013; Buot et al., 2014; Cummins et al., 2007; 

Frye et al., 2006; Sibley, 1995), our categorization may be used in future research.

Finally, the modifiable areal unit problem (MAUP) represents a limitation of all analyses 

involving geographic areas (Openshaw and Taylor, 1979). Since administratively-defined 

areas differ in size both within and across MSAs, the inclusion of behaviors within a given 
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administratively-defined area depends on the spatial structure of the place. However, as these 

areas form a basis for reporting, policy, and interventions, their relevance remains (Centers 

for Disease Control and Prevention, 2016, 2015a).

Conclusions

In this early examination of the activity spaces of an online sample of MSM, we observed 

further evidence of significant spatial variation in locations of routine, potential HIV sexual 

risk, and HIV prevention behaviors among MSM. Although prevention behaviors tended to 

occur over the same geographic areas as routine behaviors, locations where men engaged in 

potentially high-risk sexual behaviors were more spatially focused for some MSM than for 

others. Studies linking context to HIV-related outcomes should consider the potential 

exposure to these varied non-residential locations. The geographic targeting of interventions 

should also acknowledge this potential for relevant behaviors occurring outside the home.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• 84% of activity spaces were defined by locations outside the home census 

tract.

• Prevention behaviors generally spatially overlap routine behaviors.

• Potential sexual risk behaviors may be spatially segregated.

• Findings suggest importance of considering context of non-residential 

locations.
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Figure 1. 
Recruitment and study inclusion among MSM in this study
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Figure 2. 
Item-response probabilities corresponding to each LCA class. All items except those related 

to potential sexual risk are grouped by the geographic level containing the given behaviors.
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Figure 3. 
Summary of latent classes from the five-class model
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Table 1

Characteristics of an online sample of 588 participating men who have sex with men (MSM) from 9 United 

States metropolitan statistical areas (MSA) in 2015

Covariate n (%)

Age

    18–29 214 (36.4)

    30–50 286 (48.6)

    51 and over 88 (15.0)

Race

    White 430 (73.1)

    Black 37 (6.3)

    Hispanic 60 (10.2)

    Other 61 (10.4)

Education

    High school or less 28 (4.8)

    Some college 131 (22.3)

    College degree 429 (73.0)

Employment Status

    Employed part-time or full-time 465 (79.1)

    Student 73 (12.4)

    Unemployed 14 (2.4)

    Other 36 (6.1)

Car as primary mode of transportation 341 (58.0)

Any transportation instability 152 (25.8)

Moved to the city in the past 6 months 45 (7.7)

Reported HIV positive 45 (7.7)

Reporting regular PrEP use (among those not
reporting being HIV positive)

59 (10.9)

Sex partners

    Main partners only 179 (30.4)

    Main and casual partners 203 (34.5)

    Casual partners only 206 (35.0)

Highly out 465 (79.1)

Metropolitan statistical area (MSA)

    Atlanta 40 (6.8)

    Chicago 71 (12.1)

    Dallas 37 (6.3)

    Houston 32 (5.4)

    Los Angeles 91 (15.5)

    Miami 26 (4.4)
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Covariate n (%)

    New York 179 (30.4)

    Philadelphia 41 (7.0)

    Washington, DC 71 (12.1)

Residential density and poverty

    Average density–Low poverty 232 (39.5)

    Average density–High poverty 52 (8.8)

    High density–Low poverty 192 (32.7)

    High density–High poverty 112 (19.1)
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Table 2

Model fit statistics for LCA models with 2 to 10 classes

Number
of classes Log-likelihood BIC Entropy

2 −3118 1526 0.92

3 −3007 1459 0.84

4 −2953 1502 0.86

5 −2869 1487 0.87

6 −2857 1616 0.86

7 −2838 1731 0.84

8 −2809 1828 0.86

9 −2797 1956 0.87

10 −2776 2067 0.89
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Table 3

Description of latent classes from the five-class model

Class
(Abbreviation)

Size of
class (n)* Description

Census tract-concentrated
(CT)

16% (94) Routine behaviors are contained within a census tract or
county.
Routine, risk, and prevention behaviors occur in the same
or adjacent census tract as home.
Sex partners are met within the same or adjacent census
tracts.
Sex occurs within the same census tract, with at least
some sex occurring at home.

County-concentrated, local
potential risk
(CL)

30%
(176)

Routine behaviors are contained within the county.
Routine, risk, and prevention behaviors occur in the same
county as home.
Sex partners are met within the same or adjacent census
tracts.
Sex occurs only at home.

County-concentrated,
disperse potential risk (CD)

24%
(141)

Routine behaviors are contained within the county.
Routine and prevention behaviors occur in the same
county as home.
Sex partners are met across the county, including
locations outside the MSA.
Sex occurs across the county and outside the home,
including outside the MSA.

MSA-concentrated, local
potential risk
(ML)

15% (88) Routine behaviors are contained within the MSA.
Routine and prevention behaviors occur in the same MSA
as home.
Sex partners are met within the same or adjacent census
tracts.
Sex occurs only at home.

MSA-concentrated,
disperse potential risk
(MD)

15% (88) Routine behaviors are contained within the MSA.
Routine and prevention behaviors occur in the same MSA
as home.
Sex partners are met in multiple locations, including
locations outside the MSA.
Sex occurs across the MSA and outside the home,
including outside the MSA.

*
Based on most likely class membership
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