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Abstract 

 

Latent Class Modeling of Syndemic Burden and HIV-Related Sexual Risk Behaviors 

among Urban MSM 

 

Emily Greene 

 

In the context of decreasing or plateauing HIV incidence among multiple risk groups in United 

States, new HIV infections among gay, bisexual, and other men who have sex with men (MSM) 

continue to rise.  Syndemic theory has become a well-established framework for the explanation 

of how individual experiences and social conditions influence both an individual’s disease 

experience and the distribution of disease across populations. This framework is currently 

defined as “a set of enmeshed and mutually enhancing health problems that, working together in 

a context of deleterious social and physical conditions that increase vulnerability, [and] 

significantly affect the overall disease status of a population.”1  An important and robust body of 

literature has been amassed investigating syndemic burden and its association with HIV status, 

HIV incidence, HIV-related sexual risk behaviors, and more recently, antiretroviral (ART) 

medication adherence and viral suppression among HIV-positive MSM.  Many of the studies that 

comprise this literature have several things in common.  They are mostly focused on enmeshed 

individual-level risk factors; that is, this literature largely focuses on co-occurrence of these 

health problems and the increased vulnerability to HIV that may develop as a result.  Even more 

importantly, most of these studies focused on a small subset of these risk factors: childhood 

sexual abuse, depression, intimate partner violence, polydrug use. These studies also largely 

ignore the synergy (defined as biological interaction on the additive scale or deviations from 



 

additivity) implied in the mutually enhancing language of this framework.  Finally, this literature 

is also unable to account for the “deleterious social and physical conditions” that give context to 

the individual-level burden.  Taken together, the body of studies present an important but not 

fully realized use of this framework. 

This dissertation seeks to investigate all three major facets of the syndemic framework: the 

individual-level co-occurring syndemic factors, the implied synergy, and the social and physical 

conditions that surround and influence the individual.  It will do so in three steps, broadly 

defined by a systematic literature review followed by two analytic papers.  The literature review 

will serve as a guide to the syndemics literature among MSM, and will identify the constellation 

of experiences that have been identified as syndemic factors.  The identified experiences will be 

used to guide the first analytic paper, which will incorporate those experiences into syndemic 

burden, which will then be modeled using latent class modeling (LCA) to investigate if there are 

any patterns of syndemic burden that may be important to intervention development.  This first 

analytic paper will also explicitly investigate synergy by calculating the attributable proportion 

due to interaction (AP).  Finally, the second analytic paper will incorporate the “deleterious 

social and physical conditions” using multilevel latent class modeling (MLCA).  

 

 

1. Singer M. Pathogen-pathogen interaction: a syndemic model of complex biosocial processes in 
disease. Virulence. 2010;1(1):10-18. 
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Introduction 

In the United States, gay, bisexual, and other men who have sex with men have been 

disproportionately affected by HIV and AIDS.  The CDC estimated that of the over 1.2 million 

AIDS diagnoses in the United States since the onset of the epidemic, 48% have been among men 

who have sex with men.1 Similarly, of the more than 600,000 HIV diagnoses in the United States 

since 1993 (the first year the CDC reported HIV estimates), more than 52% of those diagnosed 

were gay, bisexual or other men who have sex with men. By most estimations, gay, bisexual, and 

other men who have sex with men account for only 3-5% of the United States population,2,3 

making these numbers even more concerning. The disproportionate burden is not only historical; 

it remains to this day.  In 2015 (the most recent year for which data is available), gay, bisexual 

and other men who have sex with men accounted for 67% of new HIV diagnoses across the 

United States.4  Further, new HIV diagnoses among other at-risk sub-populations (heterosexuals, 

injection drug users (IDU)) have either plateaued or decreased, making the increasing trend 

among gay, bisexual, and other men who have sex with men especially concerning.1,4,5   

New York City has been an epicenter of the HIV/AIDS epidemic since the beginning 6,7 and 

remains so today.8 Similar to national trends, gay, bisexual, and other men who have sex with 

men are disproportionately represented among new HIV diagnoses.  In 2014 (the most recent 

year for which data is available), gay, bisexual and other men who have sex with men accounted 

for 60% of all new diagnoses in New York City.8 Again, similar to national trends, while new 

HIV diagnoses have either decreased or plateaued among multiple at-risk populations in New 

York City, diagnoses among gay, bisexual, and other men who have sex with men continue to 

increase.  One further concerning trend among HIV diagnoses in New York City is the 
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increasing proportion of young, gay, bisexual and other men who have sex with men who are 

also men of color being diagnosed with HIV.9   

Traditional biomedical approaches to disease understanding often focus on the risk factors, 

correlates, or treatment for a particular disease, studied in isolation – that is, diseases are treated 

as separate, distinct, non-overlapping conditions independent of other diseases and of broader 

social context.10 Recent research has begun to study disease in the context of both other diseases, 

and the larger social and structural environments.  Syndemic theory, first articulated by medical 

anthropologist Merrill Singer, has been developed to explain how multiple, co-occurring 

epidemics could interact to influence health outcomes.11,12 The theory was developed to explain 

the co-occurrence and interaction of AIDS, violence, and substance abuse among poor, 

underserved women who lived in the inner-city of Hartford, CT.11,12 In its simplest definition, a 

syndemic can be defined as “two or more epidemics, interacting synergistically and contributing, 

as a result of the interaction, to excess burden of disease in a population”13 but it has evolved to 

also incorporate the larger social conditions under which the epidemics develop and interact.10  

The most current definition of syndemics suggests “a set of enmeshed and mutually enhancing 

health problems that, working together in a context of deleterious social and physical conditions 

that increase vulnerability, significantly affect the overall disease status of a population.”14 

This framework has been used to study diabetes and depression;15-18 HIV and tuberculosis,13,19-24 

other sexually transmitted infections, 25-27 alcohol and substance use, 28,29 food 

insecurity/malnutrition;30,31 violence, substance use and HIV/AIDS; 11,12,32 HIV and Hepatitis C; 

33-35 and food insecurity and depression36,37 among others.  Syndemics theory has also been 

widely applied to elucidating the co-occurring factors that give rise to HIV incidence and risk 
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behaviors in multiple populations. How the syndemic framework has been applied and the 

selection and inclusion of co-occurring factors have differed by the populations at-risk. 

The CDC defined syndemics in this population as “two or more afflictions, interacting 

synergistically, contributing to excess burden of disease in a population.38 Immediately one thing 

is noticeable.  While certain facets of Singer’s definition remain (multiple health problems, 

interacting synergistically), the larger social and structural context is missing.   Research has 

shown that upper level factors such as neighborhood; 39-46 poverty; 47,48 stigma, homophobia, 

racism, and discrimination; 41,49-57 and structural stigma in the forms of laws or statutes52,58,59 are 

associated with HIV-related outcomes.  In failing to include the larger social structures and 

social conditions, potentially important avenues to both better understanding the HIV epidemic 

among gay, bisexual, and other men who have sex with men and designing interventions for HIV 

prevention in this population could be missed. 

In 2003, Stall et al. published the first study of gay, bisexual, and other men who have sex with 

men using the syndemic framework.  The authors identified four factors: depression, childhood 

sexual abuse, polydrug use, and intimate partner violence as four epidemics that co-occurred and 

when present in greater numbers (i.e. a tally score) increased HIV-related risk behaviors 

(condomless anal sex) and HIV prevalence. 60  This paper, which has been cited nearly 400 

times, has been enormously influential on the field.  The associations between the four co-

occurring health problems identified in the Urban Men’s Health Study60 (depression, childhood 

sexual abuse, polydrug use, and intimate partner violence) have been replicated many times.59,61-

71  In the 14 years since the Stall article was published, however, few published studies have 

attempted to add health conditions to the syndemic framework, despite the accumulation of 

evidence that these factors often co-occur with the established factors (further referred to as 
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“traditional factors”) and may increase vulnerability to HIV among MSM.  The exception 

appears to be sexual compulsivity, which Parsons et al. have shown to be associated with both 

the four established factors and with various HIV related outcomes.62 For example, the personal 

experience of discrimination and stigma has been shown to be associated with HIV risk 

behaviors.41,57,72,73  Childhood physical abuse has also been shown to be associated with risky 

sexual behaviors74-78 and gay-related harassment and victimization have been associated with 

HIV infection.79  Structurally-determined factors that reside at the individual level (low 

education,80-82 incarceration history,71,83 unemployment,48,82,84 financial hardship57) have been 

found to be associated with HIV risk,81 and have been found to be associated with other 

syndemic conditions,71,75,82,83,85 but few have been investigated in the published syndemic 

literature. As previously discussed with the upper-level structural factors, the reticence or 

inability of researchers to expand the factors considered potentially syndemic may be hampering 

efforts to develop both better understanding of the factors driving the HIV epidemic and 

potential HIV-prevention interventions among MSM.   

In summary, syndemic theory has the potential to be a more powerful tool in HIV prevention 

among gay, bisexual, and other men who have sex with men.  However, with the omission of 

both upper level (neighborhood, structural forces etc.) factors/social conditions and the 

artificially small number of individual-level, proximal risk factors for HIV incidence, prevalence, 

and HIV-related risk behaviors, we may be missing valuable opportunities to further both 

knowledge and the potential for meaningful intervention.  

The overall goal of this dissertation is to extend the application of syndemic theory among MSM 

in several ways: first, to use the current literature as a guide to expand the number of conditions 

that are included in syndemic burden.  Second, to contribute to the empirical literature by 
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calculating measures of interaction among the [expanded] syndemic conditions.  Finally, these 

analyses will contribute to a more nuanced understanding of how these syndemic factors cluster 

and which classes, if any, have greater influence on HIV-risk behaviors; these final analyses will 

be conducted at both the level of the individual and within a multilevel context to explore both 

the heterogeneity in syndemic experience at the individual level and with the incorporation of 

upper-level social and physical contextual factors.  Given that MSM continue to bear a 

disproportionate burden of HIV, better understanding of the risk factors and their clustering is 

warranted and has the potential to inform targeted interventions to reduce HIV incidence among 

gay, bisexual, and other men who have sex with men.  
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Syndemic Burden and HIV Among MSM: A Review of the Literature 
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Abstract 

Context: Gay, bisexual, and other men who have sex with men (MSM) continue to be 

disproportionality affected by HIV/AIDS.  Syndemics has become a popular framework to study 

the increased vulnerability to HIV in this population, but what is considered a syndemic factor 

and how syndemic burden is characterized and analyzed varies widely between studies.     

Objectives: The objective of this review is to provide a systematic overview and critique of the 

current state of the HIV-related syndemics literature among MSM.   

Data sources and study selection: Relevant publications were identified via electronic database 

searches of Pubmed, Medline, PyscINFO, Embase, ProQuest, Web of Science and Science 

Direct using multiple search terms related to syndemics, HIV, and gay, bisexual, and other men 

who have sex with men.  Peer-reviewed studies published in English, between 1994 and 2017, 

that included quantitative data, an explicitly stated syndemic analysis, and HIV-related outcomes 

were eligible for inclusion. 

Data extraction: Data were extracted on primary outcomes of interest: HIV infection, HIV-

related sexual risk behaviors, and ART-related clinical outcomes among HIV-positive MSM in 

care.  

Data synthesis: Syndemic burden was consistently shown to be associated with higher HIV 

prevalence or incidence, and with HIV-related sexual risk behaviors such as condomless anal 

intercourse and serodiscordant condomless anal intercourse.  It was also shown to be associated 

with poorer clinical outcomes (ART adherence and viral load suppression) among HIV-positive 

men.  The consistent lack of incorporation of both biological interaction and upper-level 
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exposures (i.e. geographic, legislative), however, limit the ability of this framework to inform 

new interventions among MSM going forward. 

Conclusion: Syndemic burden is a key factor in HIV-related vulnerability among gay, bisexual, 

and other men who have sex with men.  Despite the consistency of findings, some significant 

critiques and gaps remain to be addressed.   
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Introduction 

The HIV/AIDS epidemic remains a global phenomenon. Over a 30-year period, it has spread to 

186 countries1 and claimed the lives of more than 39 million people.2 Although the HIV/AIDS 

epidemic is thought to have peaked globally in 2005, HIV remains a leading cause of global 

morbidity and mortality.2  Despite advances in testing, treatment, and access to care, HIV 

remains one of the top ten leading causes of death globally, accounting for 2.7% (or 1.5 million 

people) of global mortality in 2012, down slightly from 3% (or 1.7 million people) in 2000.1  

Nevertheless, new infections continue, making prevention vitally important.  Gay, bisexual, and 

other men who have sex are disproportionately affected; globally, they are 19 times more likely 

than the general population to be living with HIV.2,3  

In the United States, gay, bisexual, and other men who have sex with men (MSM) have been 

disproportionately affected by HIV and AIDS.  The CDC estimated that of the over 1.2 million 

AIDS diagnoses in the United States since the onset of the epidemic, 48% have been among men 

who have sex with men.4 Similarly, of the more than 600,000 HIV diagnoses in the United States 

since 1993 (the first year the CDC reported HIV estimates), more than 52% of those diagnosed 

were gay, bisexual or other men who have sex with men. By most estimations, gay, bisexual, and 

other men who have sex with men account for only 3-5% of the United States population,5,6 

making these numbers even more stark. The disproportionate burden is not only historical; it 

remains to this day.  In 2014 (the most recent year for which data is available), gay, bisexual and 

other men who have sex with men accounted for 67% of new HIV diagnoses across the United 

States.7  Further, new HIV diagnoses among other at-risk sub-populations (heterosexuals, 

injection drug users (IDU)) have either plateaued or decreased, making the increasing trend 

among gay, bisexual, and other men who have sex with men especially concerning.4,7,8  Given 
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the large HIV burden gay, bisexual, and other men who have sex with men bear globally, 

understanding the mechanisms, psychosocial vulnerabilities, and behavioral and structural risk 

factors that underlie HIV incidence in this population remains an important public health goal. 

Traditional biomedical approaches to disease understanding often focus on the risk factors, 

correlates, or treatment for a particular disease, studied in isolation – that is, diseases are treated 

as separate, distinct, non-overlapping conditions independent of other diseases and of broader 

social context.9 Recent research has begun to study disease in the context of both other diseases, 

and the larger social and structural environments.  Syndemic theory, articulated by medical 

anthropologist Merrill Singer, has been developed to explain how multiple, co-occurring 

epidemics could interact to influence health outcomes.10,11 The theory was developed to explain 

the co-occurrence and interaction of AIDS, violence, and substance abuse among poor, 

underserved women who lived in inner-city Hartford, CT.10,11 In its simplest definition, a 

syndemic can be defined as “two or more afflictions, interacting synergistically, contributing to 

excess burden of disease in a population.”12,13 Under this definition, syndemic theory has been 

used to study the co-occurrence and synergistic association between multiple diseases including: 

diabetes and depression,14-17 HIV and tuberculosis,12,18-23 HIV and Hepatitis C 24-26 and other 

sexually transmitted infections with each other. 27-29 More recently, the definition of syndemic 

was modified to “a set of enmeshed and mutually enhancing health problems that, working 

together in a context of deleterious social and physical conditions that increase vulnerability, 

significantly affect the overall disease status of a population;”30 a shift that incorporated several 

major changes.  It allowed for the discussion of exposures such as sexual abuse and interpersonal 

violence to be part of a syndemic burden (over classical diseases only), it allowed for these 

factors to combine to produce vulnerability to a third condition, and it incorporated the larger 
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social conditions under which the health problems develop and interact,9 suggesting that these 

conditions, are, at least partly socially produced.31  This definition has three important aspects: 1) 

that health problems concentrate within certain populations; 2) that these health problems 

interact synergistically ([are] “mutually enhancing”) to affect overall health, and 3) that these 

health problems function within larger social and physical contexts. 

This more recent adaptation of the syndemics framework has been used to investigate increased 

vulnerability to HIV and Hepatitis C due to alcohol and substance use, 32,33 increased 

vulnerability to infectious and chronic diseases due to food insufficiency/malnutrition and 

economic insecurity;34,35 violence, substance use and HIV/AIDS; and food insecurity and mental 

health outcomes36-39 among others.  Syndemics theory has also been widely applied to 

elucidating the co-occurring factors that give rise to HIV incidence and risk behaviors in multiple 

populations, including MSM.  More recently, this framework has also been applied to questions 

of adherence to antiretroviral medications (ART) and viral load suppression.40-44 

In 2003, Stall et al. published the first study of gay, bisexual, and other men who have sex with 

men using the syndemic framework.  The authors identified four factors: depression, childhood 

sexual abuse, polydrug use, and intimate partner violence as four epidemics that co-occurred and 

when present in greater numbers (e.g. a tally score) were associated with higher HIV-related risk 

behaviors (condomless anal sex) and HIV prevalence. 45  This paper, which has been cited nearly 

400 times, has been enormously influential on the field.  The co-occurring nature of the four 

health problems identified in the Urban Men’s Health Study45 (depression, childhood sexual 

abuse, polydrug use, and intimate partner violence) have been replicated many times, as has the 

chief finding – that a greater number of syndemic conditions was associated with higher levels of 

HIV-related sexual risk behaviors, such as condomless anal intercourse (CAI).46-57  While this 
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framework has found support from multiple studies, there remains a need to systemically review 

this literature to highlight which (if any) additional factors have been identified as part of a 

syndemic among MSM, how these studies have conceptualized the syndemic, and what (if any) 

HIV related outcomes have been associated with a syndemic in this population.  Thus, this 

review focuses on three large questions that remain unexplored or underexplored in this 

population.  Syndemics theory has been used significantly among MSM for more than a decade, 

yet, it is unclear if there are newly identified factors that contribute to HIV vulnerability in this 

population, and if so, if these factors also contribute to what has been considered syndemic 

burden.  Second, syndemics theory had been applied largely using a tally or a sum score, but 

with the more recent development and use of latent variable modeling in epidemiology, it is 

unknown if different conceptualizations of syndemic burden will increase understanding of the 

how these factors work together to increase vulnerability to HIV in this population.  Further, the 

use of tally allows for the discussion of cumulative burden, but precludes the ability to examine 

synergy, which could be a useful tool in identifying particularly salient combinations of factors.  

Finally, individuals do not act in a vacuum.  A thorough examination of structural or contextual 

factors (i.e. poverty, lack of legal protections etc.) is also warranted, and it remains unclear if all 

factors continue to be assessed solely at the individual level.  For these reasons, a systematic 

review of the state of the literature is needed. 

Methods 

Search strategy and sources 

Following the PRISMA guidelines,58 a qualitative systematic literature review of the literature 

was conducted.  Due to the heterogeneity of approach, exposures, and outcomes, no meta-
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analysis was performed.  Relevant literature was identified by means of a computerized search of 

multiple electronic bibliographic databases (Ovid/MEDLINE, PubMed, PsycINFO, Web of 

Science, Science Direct, ProQuest, and Embase) from 1994 through the present (final search data 

02/13/2017). The earliest date (1994) was chosen because it is the year that the first syndemics 

conceptualization10 was published by Singer and colleagues, although it was not formally 

referred to as “syndemics” until the 1996 publication.  Using the syntax appropriate to each 

database, the search strategy was based on the following: (1) [population of interest] men who 

have sex with men, MSM, LGBT, gay, homosexual; (2) [exposure] syndemic or syndemics; (3) 

[outcome measure] HIV or HIV/AIDS; these terms were used as both MeSH-headings and free 

text words, as appropriate.   

Additionally, given that there may be studies that investigate syndemic burden but would not be 

identified by the strategy above, the Web of Science citation index was also searched for papers 

that cited Singer’s 1996 paper “A dose of drugs, a touch of violence, a case of AIDS: 

conceptualizing the SAVA syndemic”11 or Singer & Clair’s 2003 paper “Syndemics and public 

health: reconceptualizing disease in bio-social context,”12 the most commonly cited of Singer’s 

syndemic papers.  A similar search was run for papers citing Stall et al. 2003.45   

Inclusion criteria 

To be eligible for inclusion in this review, the studies must have: 1) been published in English, 2) 

been peer-reviewed, 3) contained quantitative data, 4) reported results from an original study and 

5) had identifiable estimates for MSM.   

Methodological quality assessment 
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Studies were assessed for risk of bias using the Newcastle Ottawa Scale for cross-sectional59 and 

cohort studies,60 as applicable.   

Data management 

The combination of searches resulted in multiple duplicate references.  All relevant papers 

identified were stored in Endnote (version 8, Thompson Reuters, New York, NY) and duplicate 

entries were deleted. Post de-duplication, all remaining studies were screened by title and 

abstract, and the full texts of the remaining studies were reviewed (including references) to 

assess whether they met inclusion criteria. 

Data dissemination 

This review has been registered with the International Prospective Roster of Systematic Reviews 

(PROSPERO, protocol #CRD42016048051) at the University of York, with the full protocol 

available.61  This review will be submitted for publication following PRISMA guidelines.58 

Results 

As shown in figure 1 below, there were 35 studies that met all the inclusion criteria and were 

reviewed.40,42,43,45,47,50,51,53,54,56,62-87  
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Figure 1.1. PRISMA flowchart for record selection   

Records identified through database 

searching  

(n = 561) 

Additional records identified 

through other sources  

(n = 390) 

Records after duplicates removed  

(n = 385) 

Records screened  

(n = 385) 

Records excluded based 

on title/abstract  

(n = 316) 

Full-text articles assessed 

for eligibility  

(n = 69) 

Full-text articles excluded 

1) No explicit HIV-related 

outcome (n=13) 

2) No data presented 

(n=12) 

3) Conference abstract 

(n=3) 

4) Dissertation abstract 

(n=4) 

5) No estimates separable 

for MSM (n=2) 

 

(n = 34 total excluded) 

Studies included in 

qualitative synthesis  

(n = 35) 
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Of these 35 studies, 27 were cross-sectional and 8 were longitudinal.  In terms of geographic 

location, the majority were conducted in Europe and North America (26: 22 in the United States, 

2 in Canada, 1 in Mexico, and 1 in Belgium) with the remainder spread between Asia (6: 1 in 

Thailand, 1 in Vietnam, 1 in India, 3 in China), Latin America (2), and one global study.  In 

terms of outcomes, most studies (88%, or 31/35) focused on HIV prevalence/incidence or HIV 

acquisition/transmission risk behaviors (i.e. condomless Anal Intercourse (CAI), CAI with 

serodiscordant or unknown status partners, CAI with commercial partners). Of these 31 studies, 

21 (68%) focused solely on HIV acquisition/transmission risk behaviors, nine (29%) used both 

HIV status (prevalent and/or incident HIV) and risk behaviors as outcomes, and one study (3%) 

used HIV status as the sole outcome.  The remaining four extended the use of the syndemic 

framework to clinical outcomes (antiretroviral therapy (ART) adherence and viral load 

suppression) among HIV-positive MSM in care. 

 

Description of Study Populations  

In terms of sample characteristics, most studies conducted in the United States, Canada, and 

Belgium had majority white participants, with few focused primarily or entirely among MSM of 

color.  Most also had an average age (mean or median) under 40.  Given the shifting 

demographics of new HIV incidence among MSM into younger men, 10 studies had participants 

with a mean or median age of less than 30; 51,53,56,63,70,71,77,78,83,88 five studies recruited only men 

under 30.56,70,77,78,83  While education was more varied, they were well-educated populations, 

with the majority of participants reporting more than a high school education.  Baseline HIV 

prevalence also varied across studies.  The international studies were more varied in their 

sociodemographic compositions. 
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Syndemic exposures  

The types of factors investigated as psychosocial syndemic factors had a good deal of 

consistency across studies.  There were four factors – depression, intimate partner violence, 

polydrug use, and childhood sexual abuse – first described by Stall et al. (2003) as highly 

prevalent, overlapping, and drivers of sexual risk behavior among MSM.45  Of the traditional 

four factors (depression, polydrug use, intimate partner violence, and childhood sexual abuse), 

depression was the most commonly included, with 89% (31/35) of studies using some measure 

of depression or depressive symptomology.  Intimate partner violence was commonly included 

with 31% (11/35) including an explicit measure of intimate partner violence; several other 

studies (4/35 or 11%) assessed forced or unwanted sex during adulthood, which could also 

include partner violence, without explicitly stating so.  Experience of childhood adversity 

(physical abuse, sexual abuse, verbal abuse, emotional abuse, or emotional neglect) was also 

commonly assessed, with 43% (15/35) of studies using some measure of childhood adversity.  

Polydrug use was the least commonly included with 20% (7/35) of studies including a polydrug 

use measure.  Several studies used substance use disorder measures (e.g. AUDIT, CAGE etc.) in 

lieu of drug use measures or in addition to measures of use.   Sexual compulsivity – a measure of 

the extent to which an individual’s sexual fantasies, urges, and behaviors are difficult to control 

and/or interfere with relationships and social roles47,89 – a recent addition to the concept of 

syndemic burden, was assessed in 31% (11/35) of the studies. Multiple studies introduced new 

factors, including sexual compulsivity,47,48,54,68,82,86,88 racism (1)75 or race-based discrimination 

(1),90 sexual orientation-based discrimination (3),69,73,90 homophobia (1),75 internalized 

homophobia (1),88 sexual sensation seeking (1),86 loneliness (2),56,85 and cigarette smoking 
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(2),83,87  social isolation,51,63  childhood adversities beyond childhood sexual abuse,69,72,84 and 

cigarette smoking.83,87  With the exception of social isolation, these new factors were shown to 

be associated with other syndemic factors and when these new variables were included in the 

syndemic burden (cumulative tally or score), the associations between syndemic burden and 

HIV-related outcomes were significant.   

Syndemic measure conceptualization 

All but three studies relied on a cumulative score/tally or a composite variable for the measure of 

syndemic burden.  In some cases, the syndemic score was created after the independent risk 

factors had been shown to be associated with each other, but others simply summed the 

psychosocial syndemic factors without first attempting to determine if they were associated with 

each other; sixty-two percent (18/29) of the studies that operationalized syndemic burden as a 

sum score used some form of regression or chi-squared analysis to assess if the independent 

psychosocial factors were associated with each other.  This regression was used to determine 

which factors should be included in the syndemic tally, but details of this part of the modeling 

process were largely lacking.  Given the variation in the number of psychosocial factors 

considered to be part of a syndemic score, the final shape of the variable was not always a simple 

sum score, but became categorical, or the higher numbers of syndemic conditions were collapsed 

into a single category (e.g., 0-3, 4+ factors.) Two studies represented the syndemic burden with a 

multi-category composite variable (i.e. experienced neither syndemic condition, experienced one 

but not the other, experienced both conditions).75,90 Neither of these studies relied on the 

traditional syndemic factors; instead they tested racism,75,90 homophobia75 and discrimination 

based on sexual orientation.90   The three remaining studies conceptualized syndemic burden as a 

latent factor.  Two made use of structural equation modeling to uncover associations between 
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syndemic factors and between the syndemic factors and the HIV-related sexual risk outcomes.  

Halkitis et al (2013) found that a second-order EFA construct comprised of mental health 

burdens and substance use was associated with condomless sex (oral or anal) among the 

participants of the P18 cohort study.56 Klein (2011) modeled the relationships between both the 

syndemic factors among themselves, and between the syndemic factors and the outcomes 

(condom attitudes and condom use) and found evidence of association.72 Mustanksi et al. (2016) 

identified a primary syndemic factor comprised of substance use, violence, and mental health 

factors that predicted CAI among young MSM (YMSM) using confirmatory factor analysis.78 

Although multiple studies assessed the associations of the syndemic factors to each other, 

measurement of syndemic interaction or “synergy” with respect to HIV-related outcomes91 was 

lacking in all studies.  There was no study that attempted to calculate a measure such as relative 

excess risk due to interaction (RERI), the attributable proportion (AP) or synergy index (S).   

Measurement of syndemic factors 

As shown in table 2, multiple screening tools were used to collect information on many of the 

syndemic factors.  While many of the constructs (e.g. depression, intimate partner violence) were 

consistent across studies, how those constructs were measured showed much more heterogeneity.  

For example, depression or depressive symptoms were measured with several validated screeners 

such as the CES-D, the PHQ, the Beck Depression Inventory (BDI), and several other measures.  

Other studies did not use a validated measure at all, rather relying on proxy measures such as 

“feeling sad,” experiencing depression severe enough to see a clinician/counselor, or suicidal 

ideation or attempts.  The other syndemic factors had much less consistency across studies in the 

use of validated measurement instruments.  The least consistent measure was illicit substance 

use.  Not only did the definition of polydrug use vary between studies, the focus on polydrug use 
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was also inconsistent; that is, multiple studies used single drug measures (e.g. any use of at least 

one illicit drug), or used a combination of drugs and alcohol or used alcohol use or disorder alone 

as potential syndemic factors.   

Outcomes  

HIV-related sexual risk behaviors 

Studies that assessed HIV-related sexual risk behaviors did so in a variety of ways, with the most 

common behavior being condomless anal intercourse (CAI),50,51,53,55,62,63,65,66,75,77,81,85,86,88,92 

although here also there was significant variability; some studies used any CAI, others used 

serodiscordant CAI or CAI with a partner of unknown HIV status. Other studies focused on CAI 

with commercial or transactional sex partners53 while other studies focused on receptive or 

insertive CAI depending on the HIV-status of the participant and his partner(s).66,75  Despite the 

variation in outcomes, the results across studies were consistent.  With one exception65 

increasing syndemic burden was associated with increased odds (risk and hazard as appropriate) 

of self-reported HIV-positive status, HIV infection, and HIV-related sexual risk behaviors.  

These results were largely consistent, with slight differences appearing within individual studies.  

For example, increasing syndemic burden was associated with increased risk of CAI with 

commercial partners, but not with non-commercial partners, although the trend was in the same 

direction.53       

Clinical outcomes among HIV-positive MSM 

The number of studies using a syndemics framework to analyze vulnerability to adherence 

related measures was much smaller, with only four studies focused on clinical (ART adherence 

and viral load) outcomes among HIV-positive MSM.40,42,43,64  The results of three of these 
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studies, however, were also remarkably consistent with each other. In the two studies that 

focused on ART adherence, both found that an increase in syndemic burden was associated with 

a decrease in ART adherence.40,42  In the two studies that used viral load as an outcome, 

increasing syndemic burden was associated with higher viral loads.42,64   The remaining study,43 

which used the syndemic factors only as individual factors (no tally created) found only that 

depression, HIV-related stigma, and sexual compulsivity were associated with taking ART doses 

off-schedule and related to failing to follow ART instructions in unadjusted analysis, but the only 

significant finding in adjusted analysis was that sexual compulsivity was associated with taking 

ART doses off-schedule.   

Risk of bias assessment 

As shown in tables 2 and 3, there was variability in the risk of bias among the included studies.  

There were shared vulnerabilities, however.  The most common weakness was that both 

independent and dependent variables were often based on self-report.  The main exceptions to 

this were HIV infection status74 and viral load40,42,64 which were assessed by laboratory methods.  

Using the Newcastle Ottawa Scale for risk of bias,60 each study was assigned a score based on 

multiple factors such as the use of validated measurement instruments, and the clarity and 

completeness of the description of sample size, analytic methods, and confounding control.  For 

each criterion satisfied, a star was issued.  A higher score (greater number of stars) indicates a 

lower risk for bias.60    Comparing the studies (table 3) yielded three main areas of potential bias: 

sample size concerns, non-response, and measurement of independent and dependent factors.     
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To the best of my knowledge, there has only been one data collection effort solely focused on 

syndemics among MSM.  This the ongoing P18 syndemic cohort by Halkitis et al.93  Since most 

of the studies found were secondary data analysis of data collected to answer other questions it is 

unclear what sample sizes would be adequate and appropriate for these questions.  Having said 

that, without mention of what an appropriate sample size is makes judging the findings, 

especially when they are non-significant, difficult.  Further, without comment on non-response, it 

is unclear how well the sample represents the underlying source population and how well these 

results may generalize.  The most significant limitation, however, is data collected based on self-

report.  Data collected based on self-report can be plagued by recall issues, misclassification, and 

concerns over social desirability. In this type of situation, however, many of the independent 

factors and all the HIV-related sexual behaviors cannot be ascertained except through self-report.  

In this kind of situation, it may be more useful to the consider not whether data collection was 

based on self-report, but rather which (if any) measures were put in place to give the best 

information possible, such as the use of private, computer-assisted (ACASI) questionnaires, 

anonymous questionnaires, or online surveys or was data collected in face-to-interview settings, 

where the potential for fear of judgment is present.   Eleven studies (31%) used ACASI 

technology for data collection, which has been shown to result in good quality data.94 Six studies 

(17%) used an online survey; one used a self-administered paper and pencil survey (3%), eight 

(23%) used face-to-face interviews, two used telephone interviews (unclear if these were 

computer-assisted or with an interviewer), two failed to specify, and the remainder used a 

combination of face-to-face interviews and technology-assisted self-interviews (i.e. structured 

psychiatric interview with an interviewer, coupled with an ACASI questionnaire for sexual risk 

behaviors and/or substance use).   
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Discussion 

Despite variations in both independent and dependent variables used, there was remarkable 

consistency across findings, especially among studies with sexual risk behavior outcomes.  

Increasing syndemic burden was associated with riskier or poorer outcomes in 97% (30/31) of 

the sexual risk behavior related studies included in this review.  In terms of HIV-acquisition or 

transmission related sexual risk behaviors, only one study failed to find a significant association 

between increasing syndemic burden and condomless anal intercourse (CAI), number of 

condomless male sex partners, or serodiscordant CAI or CAI with a partner of unknown HIV 

status.  This study may have been underpowered to detect a difference should one exist, 65 as the 

syndemic analysis was conducted only among the 85 men who reported sex with both men and 

women in the study.  The number of studies using a syndemics framework to analyze 

vulnerability to adherence related measures was much smaller, with only four studies focused on 

clinical (ART adherence and viral load) outcomes among HIV-positive MSM.40,42,64  The results 

of these three studies, however, were also remarkably consistent with each other. In the two 

studies that focused on ART adherence, both found that an increase in syndemic burden was 

associated with a decrease in ART adherence.40,42  In the two studies that used viral load as an 

outcome, increasing syndemic burden was associated with higher viral loads. 42,64    

 

In terms of syndemic factors and their measurement, the inconsistency in measuring substance 

use presents something of a challenge for interpretation of the importance of substance use in the 

syndemic framework.  Further, only one study74 assessed stimulant use separate from other 

substance use, which may be an important distinction because stimulant use has been shown to 

be associated with HIV-related sexual behaviors independent of other substance use.95-97 The 
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variety of constructs and their measurements is reflected in the risk of bias tables and score 

calculation.  It should be noted, however, that even with the heterogeneity discussed here, the 

association of increasing syndemic burden and increasing HIV-related risk behaviors remained 

consistent and robust to these variations. 

As syndemic theory has been broadened to include new clinical outcomes (adherence, viral load 

etc.), the number of psychosocial factors eligible to be considered part of syndemic burden has 

also been broadened beyond the traditional four (depression, polydrug use, intimate partner 

violence, and childhood sexual abuse).  New factors, such as sexual compulsivity,47,48,54,68,82,86,88 

racism75 or race-based discrimination,90 sexual orientation-based discrimination,73,90 

homophobia,75 internalized homophobia,88 sexual sensation seeking,86 social isolation,51,63  

childhood adversities beyond childhood sexual abuse,72 and cigarette smoking have also been 

added to syndemic burden.83,87  With the exception of social isolation, these new factors were 

shown to be associated with other syndemic factors and when these new variables were included 

in the syndemic burden (cumulative tally or score), the associations between syndemic burden 

and HIV-related outcomes were significant.  It remains unclear, however, if the addition of these 

new factors strengthens the association between syndemic burden and HIV-related outcomes, as 

no study tested both a model containing only the traditional factors against a model containing 

traditional and new factors.  It should be noted, however, that as the demographics of HIV 

incidence have shifted in this population in the United States to young men of color, the 

importance of some of the traditional factors has been called into question,78 suggesting the need 

for the inclusion of at least some of these newer factors in syndemic burden.   

One of the aspects of syndemic theory largely overlooked in the literature is the question of 

interaction.  Most of the syndemic studies have focused on the co-occurrence of multiple 
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independent factors – that is, do the factors that make up syndemic burden concentrate among 

MSM.  To assess this question, the most commonly used method is to regress these factors on 

each other (e.g. test whether depression is associated with IPV etc.); among the studies included 

in this review, 66% (23/35) performed some sort of test to see if the independent factors were 

associated with each other. There is however, a type of interaction important to syndemic theory, 

which suggests that the experience of multiple syndemic conditions increases risk for HIV-

related vulnerabilities beyond what the risk would have been if the syndemic factors were not 

associated with each other. For this type of analysis, calculation of measures such as the relative 

excess risk due to interaction (RERI), attributable proportion (AP) or the synergy index (S) are 

necessary.  No study that met inclusion criteria for this review calculated one of these measures.  

For a more complete discussion, the review by Tsai et al (2015) is informative.91 

Similarly, the larger social and structural contexts within which individuals live has been entirely 

ignored in these studies.  Not a single study used any kind of upper-level (neighborhood, state, 

legislative) contextual factor, measured beyond the level of the individual or interpersonal.  For 

example, Mizuno et al., Ferlatte et al, and Frye et al., all used measures of personal experience of 

discrimination based on race or sexual orientation.63,66,75  While discrimination is certainly a 

structural factor, it is only measured on the level of the individual or between individuals.  There 

have been (to date) no studies on the effects of anti-gay legislation or lack of employment 

protections on syndemic burden.   This is a major shortcoming of this literature, because it 

continues to focus all energy on individual-level factors.98-100 Ignoring the effects of poverty, or 

lack of legal protections for MSM, and how these factors combine with and influence individual-

level risk leaves a large gap in understanding and in the ability to create interventions or long-

term solutions.    
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Public health implications 

Syndemic burden has been consistently found to be associated with higher levels of HIV-related 

sexual risk behaviors in multiple populations of MSM around the world.  This suggests that these 

factors are real drivers of the HIV epidemic among MSM and will need more concentrated 

attention if prevention of new HIV diagnoses remains an important public health goal.  Without 

the added information that calculations of excess burden and inclusion of contextual factors 

could provide, it remains unclear how to best proceed with new interventions.  For example, 

excess burden due to interaction could be useful in determining where public health resources 

should be concentrated.  The recent expansion of the syndemic framework to adherence and viral 

load suppression, while nascent, also showed consistent associations between syndemic burden 

and lowered adherence and/or poorer viral load suppression in HIV-positive MSM in care.  

These results are concerning for several reasons.  Engagement in the HIV care continuum, ART 

adherence and viral load suppression are vital not only to protecting the health of the HIV-

positive individual, but as prevention measures as well.   Treatment as prevention has been 

shown to be efficacious,101 but it requires sustained engagement in the care, good adherence to 

ART, and viral suppression.  If men experiencing multiple syndemic conditions have poorer 

outcomes on these three measures, their ability to maintain both their own health and to protect 

their partners is lessened.   

Conclusions 

Despite variation in outcomes, independent factors, and the measurement modalities employed 

across the studies, syndemic burden has been shown to be a consistent risk factor for HIV-related 

vulnerabilities both in terms of sexual risk behaviors (e.g. CAI, serodiscordant CAI etc.) and 

clinical outcomes (e.g. viral load suppression and ART adherence.)  Given the disproportionate 
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burden of HIV and HIV risk borne by MSM, a thorough understanding of syndemic burden is 

crucial to interrupting transmission and arresting poor HIV-related health outcomes.  This study 

has systematically reviewed what is known of that burden to date and highlighted areas that 

require further study. The studies reviewed here highlighted the importance of the traditional 

four syndemic factors (depression, partner violence, childhood sexual abuse, and polydrug use) 

and found multiple new factors that may require consideration going forward.  This review also 

found a lack of use of factors measured beyond the level of the individual, which may continue 

to hamper prevention efforts; especially when coupled with the lack of exploration of synergistic 

effects. 
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Table 1.1 Syndemics Lit Review Study Summary Table  

Study Study 
Type, 
Location & 
Dates 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

HIV Transmission or Acquisition Risk Behaviors 

Biello et 
al. (2014) 

Ho Chi 
Minh City, 
Vietnam 
 
2010 
 
Cross-
sectional 

300 MSM who 
exchanged sex 
for money/goods 
in the previous 
month 
 

1) Depression 
2) AUD 
3) Any illicit drug use 
(past month) 
4) history of forced sex 
during childhood and/or 
adulthood 

Tally and 
ordinal 
variable 
truncated at 
≥4 
 
 

1) CAI with 
commercial 
partner(s) 
2) CAI with non-
commercial 
partner(s) 

Not tested ↑ syndemic burden  ↑ in 
odds of commercial CAI 
but not non-commercial 
CAI 

Chakrapa
ni et al., 
2015 

India, 
2011-
2012 
 
Cross-
sectional 

300 MSM and 
300 Transgender 
women  
 
 

1) Depression  
2) Frequent alcohol use  
3) Victimization 
Moderators:  
1) Social support  
2) Resilient coping  

Tally Any CAI in the 
past month 

Regressed on 
each other 

↑ syndemic burden  ↑ in 
odds of CAI  
 
Effect moderated by 
social support and 
resilient coping 

Dyer et al. 
2012 

USA, 
2008-
2009 
 
Cross-
sectional 

301 Black MSM 
in the MACS 
 

1) Depression 
2) Sexual compulsivity  
3) weekly substance 
use in the past 6 
months 
4) Intimate partner 
violence 
5) Stress, past 12 
months 
  

Tally and 
ordinal 
variable 
truncated at 
≥3 
 

Any CAI in the 
past 6 months 

Regressed on 
each other 

↑ syndemic burden  ↑ in 
odds of CAI  
 

Ferlatte et 
al. 
2014 

Canada 
2009-
2010 
Cross-
sectional 

7908 MSM ages 
20-30 
 
 

Markers of 
marginalization 
(lifetime): 
1) Homophobic verbal 
harassment 
2) Homophobic 
physical violence 
3) Forced Sex 

Both 
marginalizatio
n and 
psychosocial 
assessed as 
tally 
 

CAI in the past 
12 months 

Regressed on 
each other 

↑ marginalization burden 
 ↑ in odds of CAI  
 
↑ psychosocial syndemic 
burden  ↑ in odds of 
CAI  
 
 



 

 
 

4
0

 

4
0

 

4) Career 
Discrimination 
5) Suicidality 
 
Psychosocial factors 
(lifetime): 
1) Emotional distress 
2) Social Isolation 
3) Excessive substance 
use  
4) Depression for which 
counseling was sought 
5) Any other mental 
health condition for 
which counseling was 
sought 

Study Study 
Type, 
Location & 
Dates 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Friedman 
et al. 
2014 

USA 
2008-
2010 
 
Cross-
sectional 

515 MSM/MSMW 
MSM (n=420) 
and MSMW 
(n=85) 
 
Syndemic 
analysis 
conducted only 
among 85 
MSMW 
   

1) Homelessness 
2) Violence 
victimization 
3) Depression  
4)Sexual sensation  
 

Total number 
of syndemic 
conditions 
dichotomized 
(0-1/2+) 
 
 
 
 
 
 
 

 

SDCAI with at 
least one male 
sex partner in 
the prior 3 
months 

Not tested No significant association 
between syndemic 
conditions (2+) and 
SDCAI among MSMW 

Frye et al. 
2015 

USA 
2010-
2013 
 
Cross-
sectional 

1369 MSM 
residing in NYC 

1) Experience of race-
based discrimination 
(RBD) 
 

Composite 
variable: 
1) Neither 
RBD nor 
SOBD 

1) HIV 
acquisition risk 
(HIV- MSM 
reporting CRAI 
with an 
HIV+/unknown) 

Bivariate 
analysis to 
create 
composite 
exposure 
variable 

Experiencing sexual 
orientation-based 
discrimination was 
associated with HIV 
acquisition risk 
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2) Experience of sexual 
orientation-based 
discrimination (SOBD) 

2) RBD, no 
SOBD 
3) SOBD, no 
RBD 
4)RBD & 
SOBD 

2) HIV 
transmission risk 
(HIV+ MSM 
reporting CIAI 
with an HIV-
/unknown 
partner) 
  

All others non-significant 

Study Study 
Type, 
Location & 
Dates 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Guadamu
z et al. 
2014 

Thailand 
2006-
2010 
 
Cohort 

1292 Thai MSM 
who reported 
having receptive 
oral or anal sex 
with a male sex 
partner in the 
past 6 months 
 
 
 

1) History of forced sex  
2) Social isolation 
3) Suicidal thoughts or 
actions 
4) Club drug use at 
least once in the past 4 
months 
5) Alcohol intoxication  
6) Selling sex 

Tally 
 
NB: Social 
isolation was 
not associated 
with the other 
psychosocial 
factors and 
was excluded 
 

1) Condomless 
sex with an anal 
or vaginal sex 
partner  
2) HIV 
prevalence 
3) HIV incidence 

Regressed on 
each other 

1) ↑ psychosocial 
syndemic burden  ↑ in 
odds of condomless sex 
 
2) ↑ psychosocial 
syndemic burden  ↑ in 
odds of reporting HIV+ 
status 
 
3) Cumulative incidence 
of HIV increases with 
increasing syndemic 
burden 

Halkitis et 
al. 2012 

USA 
2010-
2011 
 
Cross-
sectional 

199 Sexually 
active HIV+ MSM 
ages 50 and 
older participating 
in Project Gold 
 

1) PTSD  
2) Depression  
3) Drinking until 
intoxicated  
4) illicit substance use  
 

Tally  1) CAI  
2) SDCAI 
 

Regressed on 
each other 

↑ psychosocial syndemic 
burden  ↑ in odds of 
CAI 

Halkitis et 
al., 2013 

USA, 
2009-
2011 
 
Cross-
sectional 

598 Young MSM, 
participating in 
the P18 
Syndemic Cohort 
 

1) PTSD  
2) Depression  
3) Loneliness 
4) Suicide ideation or 
attempts  
5) Recent alcohol use  
6) Illicit substance use 

Latent 
syndemic 
factor  

Any condomless 
oral, receptive 
anal, or insertive 
anal sex in the 
past 30 days 

EFA to 
explore 
association of 
syndemic 
factors with 
each other 

 Latent syndemic factor 
associated with 
condomless sex 
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Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Hart et al., 
2017 

USA, 
2012-
2015 
 
Cohort 

391 HIV-negative 
MSM 
participating in 
the Gay 
Strengths Study 
 

1) Depression  
2) Polydrug use 
3) Childhood sexual 
abuse  
4) Experience of 
heterosexist 
victimization 
 
Psychosocial strengths: 
1) Cognitive social 
capital 
2) Family social support  
3) Friend social support 
 

Both syndemic 
burden and 
strengths 
assessed as 
tally  

1) SDCAI with a 
primary or 
casual partner, 
past 3 months 
 
2) SDCAI with  
casual partner, 
past 3 months 
 

Not tested ↑ psychosocial syndemic 
burden  ↑ in odds of 
SDCAI with a casual 
partner 
 
↑ psychosocial strengths 
 ↓ in odds of SCAI with 
a casual partner 
 
No association between 
syndemic burden and 
SDCAI with a casual 
partner once strengths 
were accounted for 

Herrick et 
al., 2014 

USA, 
2005-
2006 
 
Cohort 

470 MSM ages 
18-24 
participating in 
the Healthy 
Young Men’s 
(HYM) Study 
 
 

1) Emotional  
2) Illicit drug use 
3) Alcohol  

Tally CAI in the past 3 
months 

Not tested ↑ psychosocial syndemic 
burden  ↑ in odds of 
CAI 
 

Jie et al. 
2012 

China, 
2010 
 
Cross-
sectional 

522 Chinese 
MSM  
 

1) Illicit drug use 
2) Binge drinking 
3) Depression  
4) Childhood sexual 
abuse 
5) Intimate partner 
violence 
 

Tally HIV+ status 
 
 

Not tested ↑ psychosocial syndemic 
burden  ↑ in odds of 
being HIV+ 
 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 



 

 
 

4
3

 

4
3

 

 
 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Mimiaga et 
al., 2015a 

USA, 
1999-
2001 
 
Cohort 

4295 Sexually 
active MSM 
participating in 
the EXPLORE 
RCT 
 

1) Depression  
2) Childhood sexual 
abuse 
3) Heavy alcohol use 
4) Stimulant drug use 
5) Polydrug use  
 

Tally  1) HIV infection 
2) Any CAI in 
the past 6 
months 
3) CAI in the 
past 6 months 
with an HIV+ or 
unknown status 
partner (SDCAI) 

Not tested ↑ psychosocial syndemic 
burden   ↑ in hazard of 
seroconversion 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI 
 

Klein J 
2011 

USA, 
2008-
2009 
 
Cross-
sectional 

332 MSM who 
use the internet 
to find men with 
whom they can 
have CAI 
 
 

1) Demographic 
characteristics 
2) Childhood 
Maltreatment 
3) Sexual preferences 
4) Psychosocial & 
psychological 
functioning 
5) Substance 
use/misuse 
6) Attitudes towards 
condom use 

All factors 
placed in a 
structural 
equation 
model 

1) Condom 
attitudes 
 
2) Percent sex 
acts with 
condom in the 
past 30 days 

Part of the 
structural 
equation 
model 

Syndemic burden 
associated with condom 
attitudes 
 
Condom attitudes 
associated with condom 
use 

Martinez 
et al, 2016  

USA, 
2014 
 
Cross-
sectional 

176 Latino MSM 
 

1) Depression  
2) Discrimination 
3) Childhood sexual 
abuse 
4) High-risk alcohol use 
 

Tally 
 

1) multiple male 
sex partners, 
past 3 months 
2) CAI past 3 
months 

Not tested ↑ psychosocial syndemic 
burden (2+ conditions)  
↑ in odds of multiple male 
sex partners 
 
↑ psychosocial syndemic 
burden (2+ conditions)  
↑ in odds of CAI 
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Mimiaga et 
al., 2015b 

Latin 
America, 
Spain, 
and 
Portugal 
2014 
 
Cross-
sectional 

24,274 MSM 
who participated 
in an online 
social and 
sexual 
networking site 
for MSM in Latin 
American, 
Spain, and 
Portugal 
 
 

1) Depression  
2) Suicidal ideation 
3) Hazardous drinking 
4) Drug use during sex  
5) Childhood sexual 
abuse 
6) Intimate partner 
violence 
7) Sexual compulsivity  
 

Tally  1) SDCAI in the 
past 3 months 
2) self-reported 
HIV infection 

Regressed on 
each other 

↑ psychosocial syndemic 
burden   ↑ in odds of 
SDCAI 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
HIV infection 
 

Mizuno et 
al., 2012 

USA, 
2005-
2006 
 
Cross-
sectional 

1081 Latino 
MSM 
participating in 
the Brothers y 
Hermanos study 
 
 

1) Experience of 
homophobia (HBA) 
 
2) Experience of racism 
(R) 

Composite 
variable: 
1) Neither 
HBA nor R 
2) HBA, no R 
3) R, no HBA 
4)HBA & R 

1) CIAI with a 
main or casual 
partner 
2) CRAI with a 
main or casual 
partner 
3) Binge 
drinking 
4) Illicit drug use 

Bivariate 
analysis to 
create 
composite 
exposure 
variable  

Men exposed to both 
homophobia and racism 
had higher odds of 
reporting URAI 
 
Men exposed to both 
homophobia and racism 
had higher odds of binge 
drinking 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Moeller et 
al., 2011 

USA, 
2001-
2002 
 
Cross-
sectional 

450 MSM 
participating in 
Project BUMPS 
 
 

1) Anxiety 
2) Depression 
3) Hostility 
4) Illicit drug use 
 

Tally  1) Any CAI 
2) CAI with an 
HIV+ partner 
3) CAI with an 
HIV-negative 
partner 
4) CAI with a 
partner with 
unknown HIV 
status 

Regressed on 
each other 

↑ psychosocial syndemic 
burden   ↑ in odds of 
any CAI 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI with HIV+ partner 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI with HIV- partner 
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Mustanski 
et al., 2007 

USA, 
2004-
2005 
 
Cross-
sectional 

310 YMSM 
participating in 
Project Q 
 
 
 
 

1) Regular binge 
drinking  
2) Regular marijuana 
use 
3) Any illicit drug use 
4) Current 
psychological distress 
5) partner violence 
6) sexual assault 

Tally 1) HIV status 
2) Multiple anal 
sex partners in 
the last 3 
months 
3) CAI in the last 
12 months 

Regressed on 
each other 

↑ psychosocial syndemic 
burden   ↑ in odds of 
bring HIV+ 
 
↑ psychosocial syndemic 
burden   ↑ in odds 
multiple sex partners 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI 
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Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

 

Mustanski 
et al., 2016 

USA, 
2009-
2015 
 
Cohort 

450 YMSM 
(ages 16-20)  
 
 
 

1) Alcohol use disorder 
2) Binge drinking  
3) Polydrug use 
3) Intimate partner 
violence 
4) Other physical 
victimization based on 
sexual orientation 
5) Unwanted childhood 
sexual experiences 
6) Major depressive 
episode, past 12 
months 
7) Impulsivity  
8) HIV status 
9) STI infection 

Latent 
syndemic 
factor 
identified 
using CFA 

Number of male 
CAI partners in 
the past 6 
months 

Part of the 
structural 
equation 
model 

The syndemic factor was 
found to be a risk factor 
for CAI 
 
Secondary multigroup 
analysis found that the 
syndemic factor was less 
influential among YMSM 
of color than White 
YMSM 

O’Leary et 
al., 2014 

USA, 
2008-
2011 
 
Cross-
sectional 

593 African 
American MSM 
participating in 
an HIV risk 
reduction RCT 
  

1) Depression  
2) Problem drinking 
3) Substance 
dependence or heavy 
use  
4) Intimate partner 
violence 
5) Childhood sexual 
abuse 

Tally 1) HIV 
serostatus (self-
report) 
 
2) SDUAI 
 
 

Syndemic 
factors 
correlated with 
each other 
(Pearson’s 
product 
moment) 

↑ psychosocial syndemic 
burden   ↑ in odds of 
being HIV+ 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
sexual risk behavior 
 

Parsons et 
al., 2012 

USA,  
2003-
2004 
 
Cross-
sectional 

669 MSM who 
took an 
anonymous 
survey as part of 
the Sex and 
Love Study 
 

1) polydrug use  
2) Depression scores  
3) Intimate partner 
violence 
4) Childhood sexual 
abuse 
5) Sexual compulsivity 

Tally  1) HIV status 
(self-report) 
 
2) CAI with a 
non-primary 
partner of 
unknown or 
different HIV 
serostatus, past 
3 months 

Regressed on 
each other 

↑ psychosocial syndemic 
burden   ↑ in odds of 
being HIV+ 
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI 
 



 

 
 

4
7

 

4
7

 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Pitpitan et 
al., 2016 

Mexico 
2012-
2013 
 
Cross-
sectional 

191 MSM 
recruited via 
RDS 
 

1) Depression (Beck, 
21-item ≥ 17) 
2) Lifetime drug use 
3) Sexual compulsivity  
4) Lifetime history of 
abuse (ever: forced 
sex/physically 
abused/emotionally 
abused) 
5) Internalized 
homophobia (9-item 
scale, ≥19) 

Tally 1) CAI with a 
stranger in the 
past 2 months 
 
2) HIV status 

Syndemic 
factors 
regressed on 
each other 

↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI with a stranger 
 
No association between 
syndemic burden and 
HIV-status 
 
Outness was a moderator 
of the relationship 
between syndemics and 
sexual risk behavior 
 

Santos et 
al., 2014 

Global, 
2002 
 
Cross-
sectional 

3934 MSM who 
participated in a 
global, online 
survey from the 
Global Forum on 
MSM & HIV 
 

1) current 
homelessness 
2) Depression 
3) Sexual stigma 
4) Illicit drug use 
5) Experienced 
violence due to sexual 
orientation  
 

Tally  1) CAI in the 
past 12 months 
 
2) HIV+ (self-
report) 

Regressed on 
each other 

↑ psychosocial syndemic 
burden   ↑ in odds of 
CAI  
 
↑ psychosocial syndemic 
burden   ↑ in odds of 
being HIV+ 
 
 

Stall et al., 
2003 

USA,  
1996-
1998 
 
Cross-
sectional 

2881 MSM 
participating in 
the Urban Men’s 
Health Study 
 
 

1) polydrug  
2) Depression 
3) Intimate partner 
violence 
4) Childhood sexual 
abuse  

Tally 1) HIV status 
(self-report) 
2) CAI with a 
partner of known 
discordant 
status OR 
unknown status  

Regressed on 
each other 

↑ syndemic burden  ↑ in 
odds of being HIV+ 
 
↑ syndemic burden  ↑ in 
odds of CAI with a 
partner of known 
discordant status OR 
unknown status 
 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 

Results, summarized 
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with each 
other 

Starks et 
al., 2016 

USA, 
2014 
 
Cross-
sectional 

200 Partnered 
MSM (200 
individuals, in 
100 couples) 
 

1) Depression 
2) Intimate partner 
violence  
3) Polydrug use 
4) Childhood sexual 
abuse 
5) Sexual compulsivity 

Tally 1) Condom use 
at first sex 
(yes/no) 
 
2) HIV status 
disclosure prior 
to first sex 
(yes/no) 

Not tested Syndemic stress was 
significantly associated 
with not using a condom 
at first sex 
 
Syndemic stress was 
significantly associated 
with not disclosing HIV 
status prior to first sex 

Storholm et 
al. 2011 

USA, 
2008 
 
Cross-
sectional 

578 YMSM 
 
 
  

1) Drinking to 
intoxication 
2) illicit drug use 
3) Cigarettes 
 

Tally (0-16) 1) Number of 
casual male sex 
partners in the 
past 3 months 
 
2) Number of 
transactional 
male sex 
partners, past 3 
months 

Syndemic 
factors 
correlated with 
each other 

1) Smoking was 
associated with syndemic 
burden 
 
2) Smoking associated 
with higher number of 
casual male partners 
 
3) Cigarette smoking 
associated with higher 
number of transactional 
partners 

Tulloch et 
al., 2015 

Canada, 
2006-
2009 
 
Cohort 

239 MSM 
participating the 
Sexual Health 
and Attitudes 
Research 
Project 
(SHARP) Cohort 
study 
 
  

1) Depression  
2) Polydrug use  
3) Intimate partner 
violence 
 
NB: Childhood 
adversity was not 
considered to be part of 
a syndemic factor; 
syndemic factor was 
assessed as a mediator 
between childhood 
adversity and adult 
HIV-related sexual risk 
behaviors 
 
Childhood Adversity: 

Tally, 
collapsed to 
categorical (0, 
1, 2+) 

CAI with a 
partner of known 
discordant 
status OR 
unknown status 

Regressed on 
each other 

↑ syndemic burden  ↑ in 
odds of CAI 
 
↑ syndemic burden  ↑ in 
odds of SDCAI  
 
All childhood adversity 
factors were associated 
with syndemic burden 
 
 



 

 
 

4
9

 

4
9

 

1) Verbal peer 
victimization 
2) Anti-gay physical 
victimization  
3) Childhood sexual 
and physical abuse  
 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 

Wang et 
al., 2017 

China, no 
date given 
 
Cross-
sectional 

547 MSM, ages 
16 or older who 
reported at least 
1 male sex 
partner in the 
past 6 months 
 
 

1) Self-Esteem  
2) Anxiety 
3)  Depression  
4) Loneliness  
5) Sexual compulsivity 

Tally, 
collapsed into 
0/1 vs. 2 or 
more 
conditions 

CAI with any 
male partner in 
the past 6 
months 

Regressed on 
each other 
 
Self-esteem 
was 
associated 
with the other 
syndemic 
factors 

2+ syndemic conditions 
(including self-esteem)  
↑ in odds of CAI  
 
2+ syndemic conditions 
(excluding self-esteem) 
 ↑ in odds of CAI  
 

Wim et al., 
2014 

Belgium, 
2008 
 
Cross-
sectional 

591 HIV-
negative MSM 
who reported 
having at least 1 
episode of RAI 
in the past 6 
months 

1) Depression 
2) Any alcohol use 
3) Sexual sensation 
seeking  
4) Illicit drug use 
 

Tally CAI with a 
casual partner, 
in the past 6 
months 

Syndemic 
factors 
correlated with 
each other 

↑ syndemic burden  ↑ in 
odds of CAI with a casual 
partner 
 

Yu et al. 
2014 

China, 
2009 
 
Cross-
sectional 

404 MSM living 
in Shanghai, 
China 
 

1) Depression 
2) Intimate partner 
violence 
3) Sexual orientation  
4) Smoking status 
5) Any alcohol use 
6) Any illicit drug use 
7) Sexual attitudes 

Tally 11 different 
sexual risk 
behaviors, 
summed to a 
single 
continuous 
variable (no 
scale reference 
given)  

Not tested 
(except for 
smoking) 

1) Heavy smoking was 
associated with multiple 
other syndemic factors 
 
2) Combined syndemic 
burden was significantly 
associated with higher 
levels of sexual risk 
behaviors 

Study Study 
Location, 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 

Results, summarized 
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Date, and 
Type 

with each 
other 

HAART Adherence and Efficacy Related Outcomes 

Biello et al. 
2016 

Online 
data 
collected 
from MSM 
in 17 
countries 
in Latin 
America 
 
2014 
 
Cross-
sectional 

2020 HIV+ men 
in Latin America 
 

1) Depression  
2) Suicidal Ideation 
3) Hazardous drinking 
4) Illicit drug use during 
sex 
5) Childhood sexual 
abuse 
6) Intimate partner 
violence 
7) Sexual compulsivity 

Tally and 
ordinal 
variable 
truncated at 
≥4 
 

1) Currently in 
care for HIV 
2) Currently 
taking ART 
3) Self-reported 
ART adherence 
in the past 
month (100% vs 
< 100%) 

Not tested ↑ syndemic burden  ↑ in 
odds of reduced 
engagement in care 
 
↑ syndemic burden  ↓ in 
odds of currently taking 
ART 
 
↑ syndemic burden  ↑ in 
odds of reduced ART 
adherence 

Friedman 
et al. 
2015 

USA 
2003-
2009 
 
Cohort 

766 HIV+ MSM 
in the 
methamphetami
ne sub-study of 
the MACS 
 
 

1) Depression 
2) Polydrug use 
3) CAI with at least one 
casual male partner 
 

Tally  1) Self-reported 
ART adherence  
2) HIV viral load  

Yes, 
psychosocial 
factors were 
correlated with 
each other 

↑ syndemic burden  ↑ in 
detectable viral load 
 
↑ syndemic burden  ↑ in 
reduced viral adherence 
 
 

Friedman 
et al. 
2016 

USA 
2002-
2009 
 
Cohort 

712 Sexually 
active, HIV+ 
MSM in the 
MACS 
 

1) Depression 
2) Polydrug use 
3) CAI with at least one 
casual male partner 
 

Tally  HIV viral load  Not tested Syndemic burden 
associated with 
detectable viral load 
 
↑ syndemic burden  
lower social support 
 
Association between 
syndemic count and viral 
load was moderated by 
social support 

Study Study 
Location, 
Date, and 
Type 

Study population Syndemic Exposures Syndemic 
Specification 

Outcome 
Variables 

Syndemic 
factors 
associated 
with each 
other 

Results, summarized 
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Halkitis et 
al., 2014 

USA, 
2010-
2011 
 
Cross-
sectional 

180 HIV+ MSM 
ages 50 and 
older 
participating in 
Project Gold 
who reported 
being on 
antiretroviral 
(ART) therapy 
 

1) Depression 
2) PTSD 
3) HIV-related stigma 
4) HIV-related body 
change distress 
5) Sexual compulsivity 

Syndemic 
factors used 
as individual 
indicators 

1) missing ART 
doses in the 
past 4 days 
 
2) taking ART 
doses off-
schedule, past 4 
days 
 
3) failing to 
follow ART 
dosing 
instructions 
 
4) missing ART 
doses in the 
(most recent) 
past weekend 
 

Not tested Taking ART off schedule: 
a) associated with 
depression 
b) associated with HIV-
stigma 
c) associated with sexual 
compulsivity 
 
Failing to follow 
directions: 
a) associated with 
depression 
b) associated with HIV-
stigma 
c) associated with sexual 
compulsivity 
 
Adjusted analyses: 
Sexual compulsivity was 
associated with taking 
ART doses off-schedule 
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Table 1.2 Syndemic exposures, validated measures 

Study # of items Cut-off for Meeting Criteria 

Depression, Anxiety, & Negative Affect  

Center for Epidemiologic Studies – Depression (CES-D) 

Biello et al., 2014 10 ≥10 

Biello et al., 2016 10 ≥10 

Dyer et al., 2012 20 ≥16 

Friedman et al., 2015 20 ≥16 

Friedman et al., 2016 20 ≥16 

Hart et al., 2017 20 ≥23 

Herrick et al., 2014 20 ≥16 

Jie et al., 2012 20 >22 

Martinez et al., 2016 10 ≥10 

Mimiaga et al., 2015a 7 ≥13 

Mimiaga et al., 2015b 10 ≥10 

O’Leary et al., 2014 5 ≥1 

Parsons et al., 2012 20 >22 

Stall et al., 2003 20 >22 

Tulloch et al., 2015 20 ≥16 

Wang et al., 2017 20 ≥16 

Wim et al., 2014 20 ≥21 

Yu et al., 2014 12 ≥10 

Beck Depression Inventory (BDI) 

Halkitis et al., 2012 21 ≥16 

Halkitis et al., 2013 21 ≥16 

Halkitis et al., 2014 21 Used as a sum score, no cutoff 

Pitpitan et al., 2016 21 ≥17 

Global Appraisal of Individual Need (GAIN) 

Mustanski et al., 2007 18 ≥65 

Brief Symptom Inventory (BSI) - Depression 

Moeller et al., 2011 7 Not reported 

Starks et al., 2016 6 ≥65 

Brief Symptom Inventory (BSI) – Anxiety 

Moeller et al., 2011 6 Not reported 

Generalized Anxiety Disorder-7 (GAD-7) – Anxiety 

Wang et al., 2017 7 ≥10 

Brief Symptom Inventory (BSI) – Hostility 

Moeller et al., 2011 5 Not reported 

Trauma Awareness and Treatment Scale for PTSD (TATC) 

Halkitis et al., 2012 10 ≥6 

Halkitis et al., 2013 10 ≥6 

Halkitis et al., 2014 10 ≥6 
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Study # of items Cut-off for Meeting Criteria 

Patient Health Questionnaire (PHQ) 

Santos et al., 2014 2 ≥3 

Diagnostic Interview Schedule version IV (C-DIS-IV) 

Mustanski et al., 2016 Not reported ≥65 

Depression Stigma Scale (DSS) 

Friedman et al., 2014 9 ≥9 

Rosenberg Self-Esteem Scale 

Wang et al., 2017 10 <15 indicates low self-esteem 

UCLA Loneliness Scale 

Halkitis et al., 2013 4 Used as a sum score, no cutoff 

Wang et al., 2017 8 >18 

Sexual Orientation Measures 

Lesbian, Gay, and Bisexual Identity Scale 

Yu et al., 2014 18 Not reported  

Study # of items Cut-off for Meeting Criteria 

Substance Use and Use Disorder  

Alcohol 

Alcohol Use Disorders Identification Test (AUDIT) 

Biello et al., 2014 10 ≥8 

CAGE Questionnaire 

O’Leary et al., 2014 4 ≥2 

Halkitis et al., 2013 4 ≥2 

Pitpitan et al., 2016 4 ≥2 

Diagnostic Interview Schedule version IV (C-DIS-IV) 

Mustanski et al., 2016 Not reported Not reported 

Illicit Drug Use   

Texas Christian University Drug Screen (TCDUS) 

O’Leary et al., 2014 9 ≥3 

Sexual Compulsivity 

Sexual Compulsivity Scale (SCS) 

Biello et al., 2014 10 ≥24 

Mimiaga et al., 2015b 10 ≥24 

Parsons et al., 2012 10 ≥24 

Pitpitan et al., 2016 10 ≥24 

Starks et al., 2016 10 ≥24 

Compulsive Sexual Behavior Inventory (CSBI) 

Dyer et al., 2012 10 Not reported (dichotomized at median) 

Halkitis et al., 2014 22 Used as a sum score, no cutoff 

Sexual Sensation Seeking 

Sexual Sensation Seeking Scale 

Wim et al., 2014 20 Not reported 

Intimate Partner Violence 

Conflict Tactics Scale 

O’Leary et al., 2014 4 ≥1 
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Study # of items Cut-off for Meeting Criteria 

Internalized Homophobia 

Internalized Homophobia Scale (IHP) 

Pitpitan et al., 2016 9 ≥19 

Study # of items Cut-off for Meeting Criteria 

Childhood/Early Life Adversity 

Childhood Trauma Questionnaire 

Hart et al., 2017 5 >5 

Klein, 2011 Not reported Not reported 

Tulloch et al., 2015 Not reported Not reported 

Teasing Questionnaire-Revisited (TQ-R) 

Tulloch et al., 2015 Not reported Not reported 
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Table 1.3 Newcastle-Ottawa Scale Risk of Bias Calculation 

Study Sample 

representative  

of target 

populationa 

Sample 

sizeb 

Non-

responsec 

Confounding 

Controld 

Exposure 

validitye 

Statistical 

Testf 

Data collection 

methodg 

Totalh 

Biello, 2014 * -- -- * * * Face-to-face interview 5 

Biello, 2016 * -- -- * * * Online survey (*) 4 

Chakrapani, 

2015 
* -- -- -- * * 

Face-to-face interview 
3 

Dyer, 2012 * -- -- * * * Face-to-face interview 5 

Ferlatte, 2014 * -- -- * * * Online survey (*) 4 

Friedman, 2014 * -- -- * * * ACASI (*) 5 

Friedman, 2015 
* -- -- * 

* 
* 

ACASI & interview 

(*) 
5 

Friedman, 2016 * -- -- * * * Face-to-face interview 5 

Frye, 2015 * -- * * * * ACASI (*) 6 

Guadamuz, 2014 * -- * * * * ACASI (*) 6 

Halkitis, 2012 
* -- -- * 

* 
* 

ACASI & interview 

(*) 
5 

Halkitis, 2013 * -- -- * * * ACASI (*) 5 

Halkitis, 2014 * -- -- * * * ACASI (*) 5 

Herrick, 2014 
* -- -- * 

* 
* 

ACASI (*) or Online 

Survey (*) 
5 

Jie, 2012 * -- -- * * * Not specified 4 

Klein, 2011 * -- -- * * * Telephone interview 4 

Martinez, 2016 
* -- -- * 

* 
* 

ACASI & interview 

(*) 
5 

Mimiaga, 2015a * -- * * * * ACASI (*) 6 

Mimiaga, 2015b * -- -- * * * Online Survey (*) 5 

Mizuno, 2012 * -- -- * * * ACASI (*) 5 

Moeller, 2011 * -- -- * * * ACASI (*) 5 

Mustanski, 2007 * -- -- * * * ACASI (*) 5 
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Study Sample 

representative 

of target 

populationa 

Sample 

sizeb 

Non-

responsec 

Confounding 

Controld 

Exposure 

validitye 

Statistical 

Testf 

Data collection 

methodg 

Total 

Mustanski, 2016 * -- -- * * * 
ACASI & interview 

(*) 
5 

O’Leary, 2014 * -- -- * * * ACASI (*) 5 

Parsons, 2012 * -- -- * * * 
Paper & pencil in 

private area (*) 
5 

Pitpitan, 2016 * -- -- * * * Face-to-face interview 4 

Santos, 2014 * -- -- * * * Online Survey (*) 4 

Stall, 2003 * -- -- * * * Telephone interview 4 

Starks, 2016 * -- -- * * * Online Survey (*) 5 

Storholm, 2011 * -- -- * * * ACASI (*) 4 

Tulloch, 2015 * -- * * * * ACASI (*) 6 

Wang, 2017 * -- -- -- * * Face-to-face interview 3 

Wim, 2014 * -- -- * * * Online Survey (*) 5 

Yu, 2014 * -- -- * * * Not specified 4 
aStudy gets a star if the sample is truly representative (all subjects or random sample) or somewhat representative (non-random 

sampling) of the average in the target population 
bStudy gets a star if the sample size is justified and satisfactory 
cStudy gets a star if the comparability between respondent and non-respondent characteristics is established and response rate is 

satisfactory, or loss to follow-up/attrition was discussed in longitudinal studies 
dStudy gets a star is the study controls for major confounding factors 
eStudy gets one star if validated screening tools were used, if available 
fStudy gets a star if the statistical test is clearly described and appropriate and the measurement of the association was presented 

including confidence intervals and the p-value 
gStudy gets one star if any attempt was made to reduce social desirability answers (i.e. ACASI or other privacy-oriented data 

collection method) 
hHigher number indicates lower bias score
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Chapter 2 

Latent class modeling of individual-level syndemic burden and HIV-related sexual risk behavior 

  



 

58 
 

5
8

 

Abstract 

Background: Syndemics has become an important framework for understanding the increased 

vulnerability to HIV observed among gay, bisexual, and other men who have sex with men 

(MSM).  The syndemics framework relies on three key elements: co-occurrence and mutual 

enhancement of psychosocial factors that act within a larger social-structural system all colluding 

to increase vulnerability to HIV.  Much important work has been done using this framework, 

mostly focused on the co-occurrence of a few psychosocial factors (childhood sexual abuse, 

depression, intimate partner violence, and polydrug use) but questions remain.  This study had 

several objectives: to investigate potential factors to be added to individual-level syndemic 

burden; to examine biological synergy in the form of attributable proportion due to interaction; to 

explore heterogeneity in the experience of these syndemic factors; and to investigate if 

heterogeneity of experience influences HIV-risk related sexual behaviors. 

Methods: Using data from the NYCM2M study, potential new syndemic factors were identified 

and incorporated into syndemic burden in several ways.  Biological synergy was explicitly 

calculated using attributable proportion due to interaction (AP) and a latent class model was 

developed to explore heterogeneity.  Finally, several HIV-related sexual risk behaviors were 

regressed on the classes developed in the latent class model.  

Results:  Nine additional syndemic factors (childhood physical abuse, gay-related childhood 

physical abuse, experiences of racism, sexual orientation-based discrimination, incarceration, 

homelessness, internalized homophobia, gay-related harassment or violence, and cigarette 

smoking) were identified and incorporated into syndemic burden.  Attributable proportion was 

calculated for each of the outcomes (5+ male sexual partners, serodiscordant condomless anal 

sex, and transactional sex) and a three-class model was selected to represent this expanded 
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syndemic burden, and the HIV-related sexual risk behavior outcomes were regressed on the LCA 

classes with mixed results. 

Conclusions: This study lends support to the importance of traditional syndemic factors, as well 

as the incorporation of multiple new factors into syndemic burden, and contributed to the 

literature by the explicit calculation of synergy. Further research, incorporating both new the new 

factors identified and accounting for the synergy between these syndemic factors and their 

association with HIV-related sexual risk behaviors could help inform future studies in this 

population. 
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Introduction 

HIV remains a serious public health problem, especially among gay, bisexual, and other men 

who have sex with men (MSM).  In 2015, 70% of all new HIV diagnoses in the United States 

occurred among MSM,1 up slightly from 67% in 2014.2  Further, between 2005 and 2014, HIV 

diagnoses in the United States decreased by 19% overall, but increased by 6% among MSM.3  

This trend makes understanding the factors that increase vulnerability to HIV among MSM a 

continuing critical public health goal.  There have been multiple frameworks developed to study 

this vulnerability – biological, biopsychosocial, minority stress, and syndemics among them.  

Syndemics, a term first coined by Merrill Singer and applied to the study of HIV/AIDS,4 defines 

an intersecting set of problems that can increase vulnerability to HIV.  It attempted to incorporate 

factors other than proximal risk behaviors to draw attention to the need to consider the whole 

person and their experiences in understanding vulnerability and designing interventions rather 

than simply focusing on numbers of sex partners and condom use.  Syndemics theory further 

suggests that these problems are mutually enhancing and are the result of social processes such 

as marginalization, social inequality, racism, and poverty.5  

Syndemics has become a well-established framework for the explanation of how individual 

experiences and social conditions influence both an individual’s disease experience and the 

distribution of disease across populations.4,6-10  While this framework has been used multiple 

times among MSM, the application of syndemic theory to HIV has traditionally been limited to a 

small number of individual-level, proximal risk factors – intimate partner violence, childhood 

sexual abuse, polydrug use, and depression. 11-13  This framework has been recently expanded to 

include sexual compulsivity or sexually compulsive behavior,14,15 but this expansion of syndemic 

factors among MSM may miss the potential influences of multiple psychosocial vulnerabilities 
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(i.e. childhood physical abuse, homelessness, incarceration etc.) on the syndemic burden carried 

by an individual or on their HIV-risk behaviors.   

Further, the most common approach for quantifying syndemic stress among MSM is using a sum 

score.  This score, a summation of all syndemic factors endorsed is often used in regression 

models as an independent or dependent variable.16 While this method has statistical elegance and 

is easy to administer and calculate, it suggests that the only thing that matters is the cumulative 

burden, and which conditions amass in which sub-populations is unimportant.  The implication 

that no meaningful heterogeneity of syndemic factors exists in the population of MSM must be 

examined using a technique other than sum scores.  Further, if there is an interest in extending 

syndemic theory to help guide behavioral interventions in this population, then exploring the 

heterogeneity of factors, should it exist, becomes of paramount importance.  Latent class analysis 

is an exploratory data analysis technique that can be used to uncover distinct subgroups or 

classes defined by multiple indicator variables.  Uncovering the heterogeneity of syndemic 

patterns could be useful in guiding future behavioral interventions, something that the syndemic 

score cannot.   

Latent class modeling has been used to evaluate psychosis typologies,17 substance use, 18-24 

policing policies,25 and multiple HIV related outcomes in diverse populations.16,26-31  To date, 

however, only one paper has used latent class analysis to evaluate syndemic burden among gay, 

bisexual, and other men who have sex with men.  In a recent study, Starks et al. conceptualized 

syndemic burden as a unidimensional latent construct and using five syndemic factors (childhood 

sexual abuse, depression, intimate partner violence, polydrug use, and sexual compulsivity) 

compared factor analysis and latent class analysis to determine the best model fit.16  Factor 

analysis supported the operationalized of syndemic burden as a unidimensional factor and 
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compared that to the results of their LCA, which identified a 2-class model (termed high/low 

syndemic burden) as the best fit for their data.  This supports the use of a simple tally to measure 

syndemic burden, but with the limited set of psychosocial factors used, it remains unclear if the 

high/low burden conceptualization will remain if a greater number of indicators is used. 

Also, inherent in the syndemics framework is the idea of interaction. It is not only that diseases 

or health conditions co-occur (concentrate in an individual or population), but they must also act 

synergistically; since syndemic exposures are hypothesized to be harmful, interaction would 

yield more deleterious outcomes in individuals who have both conditions, than in individuals 

who have either condition alone. 5,7,9,32-34  Among studies in MSM, the most common way 

interaction among syndemic factors is assessed, if at all, is by a series of unadjusted logistic 

regression models that regress the syndemic factors on each other.33 As noted in a recent review 

article by Tsai et al., this alone is an insufficient way to define or characterize interaction within 

the context of the syndemic framework33  -- that is, demonstrating that the syndemic factors are 

associated with each other and concentrate within certain populations is not sufficient to 

demonstrate that the associated syndemic factors will have a synergistic effect on HIV related 

outcomes.  Further, the common analytic expression of the syndemic factors, the sum score, is 

not only insufficient for studying this synergy, defined as deviations from additivity;33 it 

precludes the explicit exploration or calculation of measures of interaction such as the relative 

excess risk due to interaction (RERI), the attributable proportion (AP), or the synergy index 

(S).33,34   

The association between syndemic burden based on the traditional factors (childhood sexual 

abuse, depression, intimate partner violence, and polydrug use) and both HIV-positive status and 

HIV-related sexual risk behaviors is well established among MSM.12-14,35-41 The addition of 
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sexual compulsivity has also been investigated and accepted into the conceptualization of 

syndemic burden.15,42  Given the new potential factors and the possibility of heterogeneity of 

experience, re-examining the association between syndemic burden and HIV-related sexual risk 

behaviors is warranted.  

Methods 

Study Participants 

Analyses were conducted using data from the NYCM2M project, an NICHD-funded cross-

sectional study designed to identify neighborhood-level characteristics within the urban 

environment that influence sexual risk behaviors, substance use and depression among gay, 

bisexual, and other men who have sex with men living in New York City.  The methods have 

been described in detail elsewhere.43  Briefly, gay, bisexual, and other men who have sex with 

men residing in New York City were recruited between October 2010 and July 2013 using a 

modified venue-based time-space sampling methodology and through banner ads on selected 

websites, and pre-screened for preliminary eligibility. Men were eligible to participate if they: 1) 

were born biologically male, 2) were at least 18 years old, 3) lived in New York City, 4) reported 

anal sex with at least one man in the three months prior to study enrollment, 5) spoke English 

and/or Spanish, and 6) were willing and able to give informed consent.  Those eligible were 

asked to provide contact information; attempts were made to contact all potential participants to 

screen for eligibility and schedule a study visit. In total, 4,998 men were approached and 

provided contact information; 1,997 men met the study's eligibility criteria and scheduled a study 

visit and 1,503 men enrolled (75%), yielding an analytic sample of 1493 surveys.  During the 

study visit, men provided written informed consent, and then met with a member of the study 

staff to complete a neighborhood locator module, which collected information on the locations of 
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four main neighborhoods – residential, social, and sexual (neighborhood in which the participant 

most often has sex, and the neighborhood in which the participant most recently had sex) using 

Google Earth, identifying specific locations (e.g. the closest intersection to the participant’s 

home) that could later be geocoded. Participants then completed a cross-sectional survey of 

sociodemographic, developmental, psychosocial, substance use, sexual and HIV-related modules 

using ACASI technology.  At the end of the study visit, men were offered voluntary HIV 

counseling and testing.  Upon completion of the visit, participants received $50 and a two-way 

MetroCard for their time and transportation costs. The Institutional Review Boards of the New 

York Blood Center and other associated institutions approved the study protocol. 

Measures 

ACASI-collected Measures 

Sociodemographic factors included the following: age, primary race/ethnicity (non-Hispanic 

White/non-Hispanic Black/Hispanic/Other), education (high school graduate/GED or less vs. 

some college or more), and lifetime history of incarceration (yes/no).  Participants were also 

asked about their current employment status.  Participants were asked about their HIV status and 

their responses were coded as HIV-negative or HIV-positive/unknown status.  If a participant 

reported never having had an HIV test or reported that the results of his most recent HIV test 

were indeterminate or had not yet been received, he was coded as having an unknown HIV 

status.   

Traditional Syndemic Factors 

Depression: To assess depressive symptoms, we used the PHQ-9,44 a brief 9 item screener for 

depression and depression severity based on DSM-IV criteria.44  This instrument has been found 
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to be both valid and reliable in multiple populations.45-53  The criteria include being bothered by 

“little interest or pleasure in doing things” or “feeling down, depressed, or hopeless” or “thoughts 

that you would be better off dead or of hurting yourself in some way.” For each criterion 

participants were asked if they had ever had a 2-week period during which they had experienced 

the symptom (yes/no). Those who answered yes were asked if that period had occurred within 

the past 3 months (yes/no). After an adjustment in the survey part of the way through the data 

collection period, most men were also asked if they had experienced this during the past 2 weeks.  

For the men who were not asked about any depressive symptoms in the two weeks prior to 

interview (n=340), data was imputed under the assumptions that the data was missing completely 

at random (MCAR).54  Multiple imputation was carried out in SAS 9.4 (SAS Institute, Cary, NC) 

using PROC MI with  20 imputation sets and a seed number (n=12345) for purposes of 

replication. 

Alcohol and Illicit Drug Use 

Participants were given a list of illicit drugs (marijuana, poppers, crack, cocaine, 

methamphetamine, heroin, club drugs, erectile dysfunction drugs, otherwise known as 

Phosphodiesterase-5 inhibitors (PDE5 inhibitors), and recreational use of prescription opiates, 

and/or benzodiazepines) and asked to check which drugs they had used in the past three months.  

For the purposes of the following analyses, neither past three-month marijuana use nor past 

three-month PDE5 inhibitor use were included.   Phosphodiesterase-5 inhibitors  were excluded 

because they are not psychoactive; further, most of the literature surrounding PDE5 inhibitors 

and HIV-related risk behaviors couple PDE5 inhibitors with methamphetamine and/or 

poppers.55,56 Marijuana was excluded because the literature shows little support for the 

association between marijuana use and HIV infection57 or HIV-related sexual risk behaviors.58-60  



 

66 
 

6
6

 

For alcohol use, participants were administered the AUDIT-C, a validated screener for hazardous 

drinking.  Any participant who scored ≥4 points was classified as meeting criteria for hazardous 

drinking.61  Given the research focus on polydrug use (defined as use of three or more substances 

in a given time period), a latent class analysis of drug and alcohol use was conducted to identify 

patterns of substance use. Participants were assigned to a drug use class based on a latent class 

analysis (LCA) of alcohol and illicit drug use.55,62,63 Although the proportion of MSM in this 

sample who were assigned to the “sex/party polydrug use” class was low (2.5%), there is 

evidence that MSM who use methamphetamine (the main distinguishing substance between the 

polydrug use classes) are different from those who use other substances and other stimulants.64-67  

For this reason, this small class was retained.  Details of this LCA can be found in appendix B.1. 

The alcohol and drug use classes identified by LCA are as follows: 

Class Class 

name 

N Poppers Crack/Cocaine Meth Club 

Drugs 

Opioids Hazardous 

drinking 

(AUDIT) 

1 Low 

drug use 

class 

1127 0.255 0.058 0.000 0.019 0.063 0.449 

2 General 

polydrug 

use 

329 0.618 0.691 0.189 0.386 0.322 0.989 

3 Sex/Party 

polydrug 

use class 

37 0.677 0.319 1.000 0.434 0.352 0.000 

 

Childhood Sexual Abuse: Participants were coded as having experienced childhood sexual abuse 

(a) if they reported any sexual touching or intercourse before the age of 13 with a partner who 

was 5 or more years older, or (b) if they reported any unwanted sexual experiences between the 

ages of 13 and 18, or (c) if between the ages of 13 and 18, they had a sexual partner who was 

five or more years older.68 
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Intimate Partner Violence: Participants were coded as having experienced intimate partner 

violence (yes/no) with a current or previous primary male partner if they reported ever being hit, 

kicked, slapped, beaten or in any other way physically assaulted by a current or former primary 

male partner. 

Additional Syndemic Factors 

Lifetime Experience of sexual orientation-based discrimination: Using an adapted version of the 

Schedule of Racist Events69 the cumulative burden of sexual orientation-based discrimination a 

participant felt was assessed. This is a 16-item scale (Cronbach’s α = 0.92); participants were 

asked to identify how many times in their entire lives they had experienced discrimination by 

teachers, professors, employers, members of helping professions, colleagues, coworkers, and 

others because the participant was gay or a man who has sex with men.  Participants answered 

on a 5-point Likert scale ranging from “never” (0 points) to “most of the time.” (4 points) A 

higher score indicated greater exposure to sexual orientation-based discrimination.  Scoring for 

the scale ranged from a minimum of 0 to a maximum of 64. 

The experience of gay-related harassment or violence has been shown to be an independent risk 

factor for HIV-related sexual risk behaviors.35,70-72  For these analyses, one item was pulled out 

of the lifetime experience of sexual orientation-based discrimination scale references above to 

capture the experience of gay-related harassment or violence; participants were asked how often 

they had been made fun of, picked on, pushed, shoved, hit, or threatened with harm because they 

were gay or a man who has sex with men. Men who responded “once in a while” or more 

frequently were coded as having experienced gay-related harassment or assault.  (For the 

remaining 15 items used as a scale: Cronbach’s α = 0.91; scoring for the 15-items scale ranged 

from a minimum of 0 to a maximum of 60).  
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Internalized Homophobia: Internalized homophobia was assessed using a seven-item scale73 in 

which participants were asked about their agreement (on a 5-point Likert scale ranging from 

“strongly disagree” to “strongly agree”) with statements such as “I have tried to stop being 

attracted to men” and “I would like to get professional help in order to change my sexual 

orientation so that I was no longer attracted to other men.” (7 items; Cronbach’s α = 0.89).  Due 

to the highly skewed distribution of the data, participants who responded either “agree” or 

“strongly agree” to at least one of the seven item were coded as high IH scorers, following the 

work of Herek and Glunt.74 

Childhood physical abuse: Participants were coded as having experienced childhood physical 

abuse if they reported being hit, kicked, slapped, or strangled by a parent or guardian prior to 

turning 18 years old.   

Gay-related childhood physical abuse: Participants who reported childhood physical abuse were 

further asked if any of the experiences happened because they were gay or had sex with men.  

Participants who endorsed this item were coded as having experienced gay-related childhood 

physical abuse. 

Experience(s) of racism: Participants were coded as having experienced racism if they reported 

ever experiencing discrimination, been prevented from doing something, or had been hassled or 

made to feel inferior in their home and/or social neighborhood because of his race, ethnicity, or 

color. If a participant reported racism in either his home or social neighborhoods (or both), he 

was coded was having experienced racism.75 

Homelessness: If a participant reported recently living in a shelter, single-resident occupancy 

hotel (SRO), or on the streets (including in parks, abandoned buildings, church steps etc.) or had 
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reported moving residence multiple times in the six months prior to interview, he was coded as 

having experienced homelessness or unstable housing. 

Incarceration: Participants were asked if they had ever been arrested and if so, how many arrests 

had led to an incarceration.  Any participant reporting at least one instance was coded as having a 

lifetime history of incarceration.   

Tobacco: Participants were asked if they had smoked cigarettes (yes/no) in the three months 

prior to interview. 

Outcome variables of interest: 

1) Five or more anal sex partners: Participants were asked to write in the number of non-primary 

male anal and transgender female sex partners (with or without a condom) they had in the three 

months prior to interview.  All men who reported a minimum of five partners were coded as 

positive for five or more sex partners. 

2) Serodiscordant condomless anal sex partners: Serodiscordant unprotected anal intercourse was 

defined as insertive or receptive anal sex with a male or transgender female partner of opposite 

or unknown HIV-status [to the participant] without a condom in the past 3 months.   

3) Transactional sex: Transactional sex was assessed by asking a participant (in the three months 

prior to interview) how many of his [non-primary] male or transgender female partners had given 

him money, drugs, a meal, other goods, or a place to stay in exchange for sex.  Participants were 

asked the same question for HIV-positive, HIV-negative, and HIV status unknown male sex 

partners. If a participant reported this exchange with at least one partner of any HIV-status, he 

was coded as having had transactional sex. 
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Statistical Analysis 

Identification of potential syndemic factors and mapping of expanded factors on to the traditional 

factors 

Based on the factors uncovered in the recent systematic review76 the associations between these 

new factors and the four established factors were investigated using unadjusted logistic 

regression models, following the procedures of Parsons et al.15  If a potential factor was 

statistically significantly associated with at least two of the traditional factors, it was retained as a 

syndemic factor in the latent class modeling and interaction analyses below. 

Comparing the expanded and traditional syndemic sum scores 

To assess added strength of association lent to the relationship between syndemic burden and 

HIV-related sexual risk behaviors, sum scores for both the traditional four factors and the 

expanded set of factors were calculated and the HIV-related sexual risk behaviors were regressed 

in unadjusted logistic regression models for each version of the syndemic sum score. 

Attributable proportion due to interaction 

To explore whether biological interaction (rather than statistical interaction) exists between the 

syndemic factors, each pair of interacting factors under investigation was recoded into a series of 

dummy variables – participants who have neither condition (00), condition 1 but not condition 2 

(10), condition 2 but not condition 1 (01) and those who have both conditions (11).  Each of the 

sexual risk behaviors were regressed on these using PRO LOGISTIC in SAS.  The regression 

coefficients and covariance were then used to calculate the attributable proportion due to 

interaction (AP) and the associated confidence intervals.77-79   
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Exploration of heterogeneity among the syndemic conditions 

In order to examine the multiple patterns of syndemic factors MSM who participated in the 

NYCM2M study, latent class models from one to the maximum number of classes were run 

using Mplus version 7.4,62 with a minimum of 500 start values for each model to avoid 

converging on a local maximum.62 For each model the participants’ responses to the indicator 

variables were used to estimate the probabilities of membership in each class determined in the 

model.  Participants were assigned to the most likely class of syndemic factors based on highest 

posterior probability.  Each modeling experiment yielded two sets of parameters.  The first set 

pertained to class size or prevalence.  The second set contained the estimates of the likelihood 

that members of a given class will endorse a syndemic factor.80  Models were run to the 

maximum allowable number of classes, and using the log likelihood, Bayesian Information 

Criterion (BIC), relative entropy, and Lo-Mendel-Rubin likelihood ratio test (LMR-LRT) the 

best model was identified.81 To further help guide the modeling process scree plots of log 

likelihood BIC by the number of classes will be created and examined to see if there is 

significant change in slope, indicating a marked difference in the models, identifying the point at 

which the slope begins to flatten or levels off entirely.  This point suggests “diminishing return,” 

that is, any added benefit of model fit may not be worth the costs of added model complexity and 

difficulty of interpretation.82  The ideal model would have low BIC, high relative entropy, and 

have the smallest number of classes necessary for good model fit to the data.63,80,82   

To determine the appropriate sociodemographic factors for covariate control, once the best 

fitting LCA has been identified a multinomial logistic regression of the latent classes was run on 

the sociodemographic factors.  Those that were statistically significant at the p<0.05 level were 

incorporated into the LCA model.83 
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Regression of the HIV-related sexual risk behaviors by the classes determined in the LCA 

Once the best fitting model LCA was selected, the HIV-related sexual risk behaviors were 

regressed on the LCA to determine if the different patterns of syndemic burden give rise to 

different patterns of HIV-related risk.   

Results 

Study population 

As shown in table 1, the NYCM2M sample was diverse in terms of age (Mean=32, SD=10; 

range 18-71 years), race (32% non-Hispanic White, 25% Non-Hispanic Black, 30% Hispanic, 

and 12% other), and socioeconomic status (63% employed, 83% had at least some college, and 

58% reported an annual household income less than $40,000).  In terms of syndemic factors, 

prevalence ranged from 6% for a lifetime history of incarceration up to 65% reporting having 

experienced some form of gay-related harassment or violence.   

Table 2.1 Selected sociodemographic factors, syndemic factors, and outcomes NYCM2M (N = 

1493) 

Factor N (%) 

Sociodemographics 

Mean Age (SD) 32.06 (10.3) 

Age category  

18-24 384 (26%) 

25-29 406 (27%) 

30-39 357 (24%) 

40+ 345 (23%) 

Race/Ethnicity  

Non-Hispanic White 474 (32%) 

Non-Hispanic Black 374 (25%) 

Hispanic 452 (30%) 

Other 186 (12%) 

Education  

HS/GED or less 253 (17%) 

Some College/AA or more 1240 (83%) 
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Employment   

Employed FT/PT 943 (63%) 

Unemployed a 550 (37%) 

Annual household income  

$0 - $9,999 284 (19%) 

$10,000 - $39,999 536 (36%) 

$40,000 - $59,999 225 (15%) 

$60,000+ 379 (25%) 

HIV status (self-report)b  

HIV-negative 1082 (72%) 

HIV-positive 333 (22%) 

HIV status unknown 78 (6%) 

Psychosocial Syndemic Factors 

Traditional  

Depression, past 2 weeks  

(met 5+ criteria for depression, per the PHQ-9, α=0.84) 

158 (11%) 

Intimate Partner Violence  

(Current or former primary male partner) 

373 (25%) 

Childhood sexual abuse, prior to the age 12 344 (23%) 

Polydrug use (3 or more drugs, no stimulant/non-stimulant 

distinction made) 

290 (19%) 

Potential additions  

Met criteria for hazardous drinking (AUDIT-C ≥4, α=0.80) 824 (55%) 

Tobacco use, past 3 months 657 (44%) 

Race-based discrimination in home and/or social 

neighborhoods 

298 (20%) 

Gay related harassment or violence, lifetime  967 (65%) 

Sexual orientation-based discrimination (15 item, lifetime, 

α=0.91); Mean (SD)c 

12.85 (9.6) 

High internalized homophobia 415 (28%) 

Childhood physical abuse (up to age 18) 680 (45%) 

Gay-related childhood physical abuse 105 (7%) 

Lifetime history of incarceration 84 (6%) 

Unstably housed or homeless during the past 3 months 188 (13%) 

Outcomes  

Participant reported 5+ male sex partners, past 3 monthsd 461 (31%) 

Participant engaged in transactional sex, past 3 months 127 (8%) 

Participant had serodiscordant condomless anal sex, past 3 

monthsd 

307 (20%) 

a Includes those working off the books and those who are no longer in the labor force 
b Due to the low percentage of men who reported not knowing their HIV status, for the purposes 

of analysis these men were combined with the HIV+ men (total N = 411, 28%) 
c Scale values range from 0-60 
d83 men (6%) reported both transactional sex and five or more male sexual partners 
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Identification of potential syndemic factors and mapping of expanded factors on to the traditional 

factors 

Based on the results of the systematic review, multiple potential factors were identified in the 

NYCM2M study.  As shown in table 2a, all new syndemic factors were associated with at least 

two of the traditional syndemic factors (recent depression, childhood sexual abuse, intimate 

partner violence, and polydrug use).  Recent depression and childhood sexual abuse were most 

often associated with the new factors, associated with nine each.  Intimate partner violence was 

associated with eight of the new factors, and polydrug was the least often associated, with only 

four new associations.  Since all new factors were associated with the traditional factors in the 

literature76 and were statistically associated in the NYCM2M study population, they were 

retained for subsequent modeling. The associations of both traditional and new factors to the 

outcomes were also assessed.   

Table 2.2a. Bivariate (unadjusted) odds ratios between traditional syndemic factors & potential 

new factors 

 Independent Variables 

 Depression 

(past 2 weeks) 

Intimate partner 

violence 

(lifetime) 

Childhood 

sexual abuse 

Polydrug use 

(past 3 months) 

Intimate partner violence 

(lifetime) 

1.63 

(1.15-2.33) 
-- -- -- 

Childhood sexual abuse 1.93 

(1.35-2.74) 

1.52 

(1.16-1.98) 
-- -- 

Polydrug use (past 3 

months) 
1.83 

(1.26-2.65) 

1.72 

(1.30-2.28) 

1.07 

(0.79-1.45) 
-- 

Childhood physical 

abuse 

1.41 

(1.01-1.96) 

2.12 

(1.67-2.69) 

2.06 

(1.61-2.63) 

0.95 

(0.73-1.23) 

Gay-related childhood 

physical abuse 

2.99 

(1.84-4.84) 

3.44 

(2.30-5.16) 

4.04 

(2.69-6.06) 

1.31 

(0.81-2.10) 

Homelessness (past 3 

months) 

2.61 

(1.75-3.89) 

1.44 

(1.03-2.00) 

1.45 

(1.03-2.03) 

1.40  

(0.97-2.01) 

Racism (lifetime) 1.13 

(1.02-1.25) 

1.62 

(1.23-2.14) 

1.57 

(1.18-2.08) 

1.08  

(0.79-1.49) 
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Met criteria for 

hazardous drinking (past 

3 months) 

0.84 

(0.60-1.17) 

0.99 

(0.78-1.26) 

0.76 

(0.60-0.97) 

4.27 

(3.12-5.84) 

Cigarette smoking (past 3 

months) 

1.42 

(1.02-1.98) 

1.60 

(1.26-2.03) 

1.19 

(0.94-1.52) 

3.65 

(2.77-4.80) 

Incarceration (lifetime) 1.91 

(1.07-3.43) 

1.50 

(0.93-2.41) 

2.82 

(1.80-4.42) 

1.07 

(0.62-1.85) 

Internalized homophobia 

(high/low; lifetime) 

2.95 

(2.11-4.12) 

1.58 

(1.24-2.02) 

1.46 

(1.14-1.88) 

0.81  

(0.61-1.07) 

Sexual orientation-based 

discrimination (lifetime) 

T = -4.21 

P<0.0001 

T = -7.41 

P<0.0001 

T = -4.25 

P<0.0001 

T = -2.78 

P=0.0057 

Gay-related harassment 

and/or assault (lifetime) 

1.87 

(1.27-2.74) 

2.04 

(1.56-2.66) 

1.48 

(1.14-1.93) 

1.64  

(1.23-2.18) 

 

Similar to the associations between the traditional and potential syndemic factors, the 

associations between the individual factors and the outcomes showed that most of the new 

factors were associated with at least one sexual risk behavior outcome (table 2b).  Focusing first 

on the traditional syndemic factors, depression and childhood sexual abuse were associated with 

reporting five or more male sex partners and transactional sex but not with serodiscordant 

condomless anal sex.  Recent polydrug use was associated with all three outcomes.  In contrast, 

reporting intimate partner violence was statistically significantly associated with none of the 

outcomes.  Turning to the newly identified factors, most (childhood physical abuse, gay-related 

childhood physical abuse, homelessness, racism, smoking, incarceration, and higher lifetime 

burden of sexual orientation-based discrimination) were associated with reporting transactional 

sex, but were less consistently associated with the other outcomes.  None of the new factors were 

associated with reported serodiscordant condomless anal sex, and only the two childhood 

physical abuse items (abuse generally and gay-related abuse) were associated with reporting five 

or more male sex partners.   
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Table 2.2b Bivariate (unadjusted) odds ratios between syndemic factors and outcomes, 

NYCM2M (N=1493) 

 5+ male sex partners, 

past 3 months 

Serodiscordant 

condomless anal 

sex, past 3 

months 

Transactional sex, 

past 3 months 

Depression 

(past 2 weeks) 

1.51 

(1.07-2.12) 

1.08 

(0.69-1.69) 

2.01 

(1.24-3.27) 

Intimate partner 

violence (lifetime) 

1.22 

(0.95-1.56) 

0.92 

(0.68-1.25) 

1.41 

(0.95-2.09) 

Childhood sexual 

abuse 

1.88 

(1.47-2.42) 

1.04 

(0.76-1.41) 

2.11 

(1.44-3.10) 

Polydrug use (past 3 

months) 

2.30 

(1.77-3.00) 

1.38 

(1.01-1.90) 

2.30 

(1.56-3.41) 

Childhood physical 

abuse 

1.29 

(1.04-1.61) 

1.17 

(0.90-1.52) 

2.02 

(1.39-2.94) 

Gay-related 

childhood physical 

abuse 

1.57 

(1.04-2.36) 

1.50 

(0.92-2.43) 

2.08 

(1.18-3.66) 

Homelessness (past 3 

months) 

1.34 

(0.98-1.85) 

1.17 

(0.79-1.72) 

2.36 

(1.52-3.67) 

Racism (lifetime) 1.15 

(0.87-1.51) 

0.97 

(0.70-1.34) 

1.80 

(1.20-2.69) 

Met criteria for 

hazardous drinking 

(past 3 months) 

0.92  

(0.74-1.15) 

1.31 

(1.00-1.71) 

0.72 

(0.50-1.04) 

Cigarette smoking 

(past 3 months) 

1.02 

(0.81-1.27) 

0.99 

(0.76-1.28) 

1.57 

(1.09-2.26) 

Incarceration 

(lifetime) 

1.48 

(0.94-2.33) 

0.97 

(0.54-1.13) 

2.81 

(1.58-5.02) 

Internalized 

homophobia 

(high/low; lifetime) 

1.05 

(0.83-1.32) 

0.89 

(0.67-1.18) 

1.23 

(0.85-1.80) 

Sexual orientation-

based discrimination 

(lifetime) 

T = -1.07 

P=0.286 

T = 0.395 

P=0.701 

T = -4.43 

P<0.0001 

Gay-related 

harassment and/or 

assault (lifetime) 

0.96 

(0.76-1.20) 

1.05 

(0.80-1.39) 

1.15 

(0.78-1.70) 

 

Comparing the expanded and traditional syndemic sum score 
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As shown in table 3 below, expanding the number of syndemic conditions changed the 

distribution of syndemic burden. That is, the number of people who would have previously been 

classified as having zero syndemic conditions dropped. The same was true for those previously 

classified as having only one syndemic condition.  These shifts had the effect of attenuating the 

associations between syndemic burden (i.e. number of syndemic conditions) and the HIV-related 

sexual risk behaviors.  For example, relative to zero syndemic conditions, having one, two, or 

three of the traditional syndemic factors was associated with elevated odds of reporting five or 

more male sex partners in the three months prior to interview.  In the expanded sum score, 

relative to zero conditions, having four, five, six or seven (or more) conditions was associated 

elevated odds of reporting five or more male sex partners in the three months prior to interview, 

but not having one, two, or three.  A similar pattern was observed for transactional sex, with the 

caveat that only six or seven (or more) conditions were associated with significantly elevated 

odds of engaging in transactional sex.  

Table 2.3 Comparisons of traditional tally vs expanded tally, NYCM2M (N=1493) 

 5+ male sex partners, 

past 3 months 

OR (95% CI) 

serodiscordant 

condomless anal 

sex, past 3 months 

OR (95% CI) 

Transactional sex 

 OR (95% CI) 

Traditional Tally 

0 conditions 

(n=691) 

Reference Reference Reference 

1 condition 

(n=522) 

1.49 (1.16, 1.93) 1.19 (0.88, 1.59) 1.72 (1.10, 2.70) 

2 conditions 

(n=217) 

2.41 (1.74, 3.32) 1.20 (0.81, 1.77) 2.36 (1.39, 4.01) 

3 conditions 

(n=56) 

4.20 (2.40, 7.34) 0.86 (0.38, 1.93) 6.34 (3.21, 12.52) 

4 conditions 

(n=7) 

4.20 (0.93, 18.97) 2.25 (0.50, 10.19) 6.93 (1.30, 36.97) 

Expanded Tally 

0 conditions 

(n=83) 

Reference Reference Reference 
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1 condition 

(n=244) 

1.72 (0.88, 3.36) 1.05 (0.49, 2.25) 3.49 (0.44, 27.57) 

2 conditions 

(n=321) 

1.69 (0.88, 3.25) 1.50 (0.73, 3.11) 5.17 (0.68, 39.14) 

3 conditions 

(n=329) 

1.60 (0.84, 3.07) 1.11 (0.54, 2.30) 5.11 (0.68, 38.50) 

4 conditions 

(n=231) 

2.24 (1.15, 4.34) 1.63 (0.78, 3.44) 6.09 (0.80, 46.37) 

5 conditions 

(n=124) 

2.66 (1.32, 5.40) 1.07 (0.47, 2.43) 7.29 (0.93, 57.28) 

6 conditions 

(n=82) 

2.23 (1.05, 4.76) 1.61 (0.69, 3.78) 11.66 (1.47, 92.11) 

7+ conditions 

(n=79) 

4.65 (2.20, 9.82) 1.48 (0.62, 3.53) 29.67 (3.89, 226.32) 

 

Attributable proportion due to interaction 

Calculating the attributable proportion due to interaction (AP) for each pair of syndemic 

conditions yielded the table in appendix B.2.  There were multiple statistically significant results 

(Figure 1).  In terms of participants reporting five or more male sex partners in the past three 

months, those who experienced childhood sexual abuse and polydrug use (0.45 (0.17, 0.73)), 

childhood sexual abuse and recent homelessness (0.44 (0.08, 0.79)), and who met criteria for 

hazardous drinking and experienced racism (0.57 (0.26, 0.88)) all had significant AP.  In terms 

of participants reporting serodiscordant condomless anal sex in the three months prior to 

interview, those who reported intimate partner violence and homelessness (0.42 (0.01, 0.84)), 

polydrug use and childhood physical abuse (0.33 (0.05, 0.62)), depression and gay-related 

childhood violence or harassment (0.62 (0.36, 0.88)), gay-related childhood physical abuse and 

incarceration (0.77 (0.41, 1.12)), gay-related childhood physical abuse and racism (0.55 (0.07, 

1.02)), gay-related childhood physical abuse and gay-related violence or harassment (0.66 (0.24, 

1.07)), who met criteria for hazardous drinking and incarceration (0.53 (0.06, 0.99)), and gay-

related violence or harassment and high levels on internalized homophobia (0.76 (0.50, 1.03)) all 
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had significant AP.  In terms of transactional sex, childhood sexual abuse and intimate partner 

violence (0.44 (0.05, 0.84)), childhood sexual abuse and depression (0.48, (0.13, 0.84)), 

childhood sexual abuse and homelessness (0.70 (0.47, 0.94)), polydrug use and tobacco use (0.51 

(0.05, 0.97)), depression and incarceration (0.59 (0.11, 1.06)), depression and racism (0.42 (0.01, 

0.84)), childhood physical abuse and incarceration (0.62 (0.22, 1.03)), gay-related childhood 

physical abuse and gay-related violence or harassment (0.67 (0.25, 1.09)), incarceration and 

racism (0.85 (0.68, 1.03)), meeting criteria for hazardous drinking and racism (0.55 (0.02, 1.07)), 

and homelessness and tobacco (0.50 (0.10, 0.89)) all had significant AP.  

Figure 2.1 below summarizes the statistically significant results for each outcome, grouped by 

indicators:  
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Figure 2.1 Attributable proportion due to interaction, NYCM2M 

 

Exploration of heterogeneity among the syndemic conditions 

For complete details on all LCA modeling, see appendix B.3.  Briefly, models from one to six 

classes were run (see fit indices in table 4 below) and the optimal model was selected based on 

the need to balance both fit indices and interpretability concerns.   

Table 2.4 Fit indices for expanded syndemic LCA, NYCM2M (N=1493) 

# 

classes 

# free 

parameters 

Log 

likelihood 

AIC BIC Entropy LMR-

LRT  

p-value 

BLRT  

p-value 

1 15 -14356.894 28743.788 28823.416 -- -- -- 

2 30 -13917.970 27895.940 28055.196 0.750 <0.0001 <0.0001 

3 45 -13781.475 27652.949 27891.834 0.735 0.0480 <0.0001 

4 60 -13661.799 27443.599 27762.111 0.847 0.0081 <0.0001 

5 75 -13604.170 27358.340 27756.481 0.759 0.2135 <0.0001 

6 90 -13552.275 27824.550 27762.319 0.782 0.0211 <0.0001 

 

Figure 2.2a Scree plot of log likelihood by model  
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Figure 2.2b Scree plot of BIC by model  

 

 

LCA model selection 

The two-class model was the simplest of models considered, as a one-class model simply 

represented the entire sample without any differentiation by indicators.  This model, shown 

below in figure 2.3a, divides the sample into a high and low burden class.  Although this is 

consistent with most of the syndemics work done among MSM,76 and had adequate fit statistics, 

in grouping by burden (or high burden)/no burden (or low burden), small yet meaningful 

differences between groups may have been obscured.   
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Figure 2.3a 2-class model 

 

To investigate this possibility, the three-class model was also explored.  As shown below in 

figure 2.3b, the three-class model did uncover small but significant differences obscured in the 

two-class model (figure 3a).  The new (third) class uncovered in this model appeared to draw 

from both the high and low burden classes of the previous model and differentiated the burden 

classes (identified as high and moderate) from the low burden classes on multiple measures and 

the burden classes (high and moderate) from each other on several measures.  Further, the scree 

plots for both the log likelihood and the BIC show significant changes between the two and three 

class models (136-point change in log likelihood, and a 163-point change in BIC), suggesting 

better fit in the three-class model than the two-class model. 
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Figure 2.3b 3-class model 

 

The fit statistics generated during the modeling process also suggested that a four-class model fit 

the data well.  This model was also explored, and can be seen in figure 2.3c below.   
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Figure 2.3c 4-class model 

The four-class model resembled a system in which there were two classes (high/low burden), 

each divided by a severity level, governed by differences in one of two indicators.  While it 

continued to define smaller classes, the differences between these classes were less conceptually 

clear than the three-class model.  Further, the scree plots of both the log likelihood and the BIC 

show that moving form a 3-class model to a 4-class model did improve fit, but less than moving 

from a 2-class to a 3-class model.  This indicates that the model fitting may approach a point of 

diminishing returns, that is there is a smaller benefit in model fit balanced against the increase in 

model complexity (119-point change in log likelihood, and a 129-point change in BIC).82  Given 

the need to balance both fit statistics and what is already known conceptually, a three-class 

model was chosen and used for the remaining analyses in this study. The class sizes and item 

response probabilities for the five and six class models are presented solely in the supplementary 

material. 

Table 2.5 Average latent class probabilities for most likely latent class membership by latent 

class 

 

 Moderate burden High burden Low burden 

Moderate burden 0.839 0.032 0.129 

High burden 0.0082 0.918 0.00 

Low burden 0.106 0.001 0.893 

 

The class prevalence and the probability of endorsement of each item by members of a given 

class for the three-class model are shown below.   
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Table 2.6 Probability of item endorsement per class and associated sociodemographic factors, 

NYCM2M (N=1493) 

 

  

Low burden 

class 

(N=811) 

Moderate 

burden class 

(N=582) 

High burden 

class 

(N=100) 

Class prevalence 54.3% 39.0% 6.7% 

Syndemic Factors 

Childhood sexual abuse 0.162 0.289 0.445 

Childhood physical abuse 0.302 0.623 0.681 

Gay-related childhood physical 

abuse 0.140 0.114 0.241 

Incarceration 0.036 0.078 0.091 

Gay-related physical 

assault/harassment 0.408 0.919 0.965 

Racism 0.088 0.295 0.529 

Homelessness 0.086 0.158 0.246 

Intimate partner violence 0.140 0.361 0.482 

Depression 0.052 0.154 0.241 

Internalized homophobia 0.286 0.345 0.520 

Polydrug use (general) 0.198 0.259 0.176 

Polydrug use (sex/party) 0.025 0.025 0.019 

Tobacco 0.407 0.488 0.432 

Sexual Orientation-based 

Discrimination, Mean (SE) 6.94 (0.65) 16.70 (1.42) 35.67 (2.14) 

Sociodemographic Factors 

Age category    

18-24 210 (26%) 145 (25%) 29 (29%) 

25-29 220 (27%) 165 (28%) 21 (21%) 

30-39 197 (24%) 140 (24%) 20 (20%) 

40+ 183 (23%) 132 (23%) 30 (30%) 

Race/Ethnicity    

NH White 270 (33%) 180 (31%) 24 (24%) 

NH Black 204 (25%) 141 (24%) 31 (31%) 

Hispanic 244 (30%) 182 (31%) 26 (26%) 

Other 95 (12%) 79 (14%) 19 (19%) 

HS/GED or less 128 (16%) 95 (16%) 30 (30%) 

Unemployed 300 (37%) 199 (34%) 51 (51%) 

HIV-positive or unknown 218 (27%) 153 (26%) 39 (39%) 
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As shown in figure 2.3b, the largest class was identified as the lowest burden class. This class 

seems to be largely driven by the experience of childhood physical abuse (0.30), lifetime 

experience of gay-related harassment/violence (0.33), and smoking (0.41) but not significantly 

by any of the traditional syndemic factors, nor most of the expanded factors.  The moderate 

burden class on the other hand, has a higher overall syndemic burden, driven by childhood 

physical abuse (0.62), gay-related harassment or violence (0.92), homelessness (0.49), intimate 

partner violence (0.36) and smoking (0.53), and had a higher mean experience of sexual 

orientation-based discrimination.  The high burden class also had the smallest membership at 100 

men.  It was similar to the moderate burden class, save for a higher proportion reporting 

childhood sexual abuse (0.44), gay-related harassment or violence (0.96), and experience of 

racism (0.53).   

Regression of the HIV-related sexual risk behaviors by the classes determined in the LCA 

Table 2.7 Logistic Regression of HIV-related sexual risk behaviors on latent class, NYCM2M 

(N=1493) 

 5 or more sex partners in 

the past 3 months 

At least one 

serodiscordant anal sex 

partner in the past 3 

months 

Engaging in transactional 

sex in the past 3 months 

OR  

(95% CI) 

aOR  

(95% CI)a 

OR  

(95% CI) 

aOR  

(95% CI)a 

OR  

(95% CI) 

aOR  

(95% CI)a 

Low 

burden 

(N=811) 

Reference Reference Reference Reference Reference Reference 

Moderate 

burden 

(N=582) 

1.26  

(1.01, 1.58) 

1.30  

(1.03, 1.65) 

0.92  

(0.71, 1.20) 

0.90  

(0.68, 1.18) 

1.93  

(1.28, 2.92) 

1.86  

(1.26, 2.75) 

High 

burden 

(N=100) 

1.16  

(0.74, 1.82) 

1.17  

(0.74, 1.86) 

0.99  

(0.60, 1.66) 

0.98  

(0.58, 1.67) 

2.96  

(1.61, 5.44) 

2.71  

(1.42, 5.14) 

aControlling for age, race, education, employment, household income, and self-reported HIV 

status 
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As shown in table 2.7, for five or more sex partners, only the moderate burden class had elevated 

unadjusted odds of reporting the outcome (OR = 1.26 (1.01, 1.58)); the elevated odds remained 

significant once sociodemographic factors were incorporated into the logistic regression model 

(aOR = 1.30 (1.03, 1.65)).  For serodiscordant partners, there were no differences in the odds of 

the outcome by class, either before or after adjustment for sociodemographic factors.  The odds 

of reporting transactional sex did vary by class, with both the moderate and high burden classes 

associated with higher odds (OR = 1.93 (1.28, 2.92) and OR = 2.96 (1.61, 5.44) respectively) of 

the outcome prior to adjustment for sociodemographic factors; post adjustment, these elevated 

odds remained significant (aOR = 1.86 (1.26, 2.75) and aOR = 2.71 (1.42, 5.14) respectively)). A 

similar logistic regression was conducted stratified by HIV-status, but the results were similar to 

table 2.7 and are not shown here.  For details on this regression, please see appendix B.4.  The 

second half of table 3 shows the results of the logistic regression of the sexual risk behaviors on 

the sum score using the expanded set of factors identified earlier.  In comparison to the sum 

score, the LCA displays a loss of information – that is, this method was less sensitive to the 

elevation in odds ratios of sexual risk behaviors than the sum score.   

Discussion 

Overall this exploration of syndemic burden in a large, racially, ethnically, and 

socioeconomically diverse population of gay, bisexual, and other men who have sex with men 

residing in a large urban area accomplished several goals.  First, like other syndemics studies 

among MSM, this analysis showed that the traditional four syndemic factors (depression, 

intimate partner violence, polydrug use and childhood sexual abuse) were associated with each 
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other. Further, when assessed additively (i.e. the syndemic sum score) syndemic burden was 

associated with elevated odds of engaging in HIV-related sexual risk behaviors.  These results 

are consistent with the current syndemic literature among MSM.11-13,37,70,84-90 Second, it 

incorporated other potential syndemic factors, based on both the literature and statistical criteria, 

with mixed results.  Multiple new factors were identified, but their overall contribution and 

utility in understanding syndemic burden may be limited.  Third, using the combination of new 

and traditional syndemic factors, a latent class model was developed to explore any 

heterogeneity in the distribution of syndemic factors and whether that heterogeneity contributed 

to different HIV-related sexual risk behavior profiles.  Fourth, in response to a criticism of 

syndemic literature, biological interaction (defined as deviation of additivity) was assessed by 

the calculation of AP for each pair of syndemic factors.  There were multiple significant pairs 

that emerged and some of these pairs (childhood sexual abuse and homelessness for example) 

influenced multiple HIV-related risk behavior outcomes, suggesting that these may be important 

drivers of HIV risk. Fifth, latent class modeling was assessed as an alternative to the syndemic 

sum score for characterization of syndemic burden and the effects of syndemic burden on HIV-

related risk behaviors, but this approach was not entirely successful.  While it could discriminate 

classes, these classes did not display the expected heterogeneity of experience, and it remains 

unclear if this approach adds value over the simpler tally approach.   

To the best of our knowledge, this study was the first to incorporate multiple new potential 

syndemic factors as a group and to add them to a latent variable framework for syndemic burden.  

New factors identified in a previous systematic review76 were incorporated where possible into 

these analyses with mixed results.  Cigarette smoking, a relatively recent addition to the 

syndemic literature among MSM91,92 was associated with depression, intimate partner violence, 
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and polydrug use in the NYCM2M study population; it was also directly associated with 

transactional sex but not associated with reporting five or more male sex partners or 

serodiscordant condomless anal sex. These results partially support the findings of Storholm et 

al, 91 who found that among young men who have sex with men (YMSM) cigarettes were 

associated with other syndemic factors; and that cigarette smoking was associated with higher 

numbers of male sex partners and elevated likelihood of engaging in transactional sex.  The 

differences could be due to the larger age range recruited in NYCM2M; it is possible that the 

influence of cigarette smoking on HIV-related risk behaviors is age-dependent.  It is also 

possible that the association between cigarette smoking and HIV-related sexual risk behavior is 

present in situations in which alcohol is also present, and the association between cigarettes and 

sexual risk is due to the association between smoking and drinking in situations that also 

potentially involve sexual risk behaviors.93  Given the relatively even distribution of smoking 

across classes and the lack of direct association with two of the outcomes, it is unclear what 

value (if any) smoking adds to understanding HIV-related vulnerability in this age-diverse 

population.  

Similarly, incarceration was associated with depression and childhood sexual abuse among the 

traditional factors and was associated with childhood physical abuse, gay-related childhood 

physical abuse, current homelessness/unstable housing, and meeting criteria for hazardous 

drinking.  To the best of our knowledge this study is the first to incorporate lifetime history of 

incarceration among MSM into a syndemic framework for HIV vulnerability.  Among MSM, 

arrest histories have been shown to be associated with high risk sex94,95 but neither arrest history 

nor incarceration history has been incorporated into syndemic burden among MSM.76 In the 

NYCM2M study population incarceration was directly associated with transactional sex, 
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marginally associated with five or more male sex partners, but not associated with serodiscordant 

condomless anal sex.  In terms of latent class analysis, incarceration differed between classes, 

with probabilities of endorsement ranging from 4% (low burden) to 9% (high burden), but it is 

difficult to know how influential a driver of syndemic burden it is given the overall low 

prevalence of incarceration history (6%).   

Childhood physical abuse was associated with depression, intimate partner violence, and 

childhood sexual abuse.  It was also associated with racism, incarceration, high of internalized 

homophobia, overall experience of sexual orientation-based discrimination, and having 

experienced gay-related harassment or assault.  It was also directly associated with five or more 

male sex partners and transactional sex, but was not directly associated with serodiscordant 

condomless anal sex.  These findings support others in the literature; Schilder et al. (2014) found 

that childhood physical abuse was associated with condomless anal sex and HIV 

seroconversion.96  Childhood physical abuse also helped to discriminate classes in the LCA 

model, with probabilities ranging from 30% (low burden) to 62% (moderate burden) and 68% 

(high burden).  Taken together, this suggests that childhood physical abuse could be an important 

driver of HIV-related vulnerability among MSM and a driver of sexual risk behaviors.  

Childhood physical abuse that the participant attributed to his being gay or having sex with men 

was associated with all the traditional syndemic factors except for recent polydrug use; it was 

associated with multiple other new factors, including racism, homelessness, incarceration, high 

internalized homophobia, and gay-related harassment and assault.  It was also directly associated 

with five or more male sex partners and transactional sex but was not directly associated with 

serodiscordant condomless anal sex.  To the best of our knowledge, we are the first to add 

childhood physical abuse explicitly attributed to sexual orientation.  Like the more general 
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physical abuse assessed above, the collected findings suggest that this could be an important 

driver of HIV-related sexual risk behavior and vulnerability among MSM. 

Interestingly, the new factors mapped closely on to both each other and the traditional factors, 

but it remains unclear if the addition of multiple factors adds strength to the traditional syndemic 

burden.  In this analysis, the addition of syndemic factors seemed only to shift the burden; that is, 

instead of significant associations with the HIV-related sexual risk behaviors founds at 2, 3, or 4 

syndemic conditions, the associations are found at the higher registers – four or more conditions 

for five or more male sex partners, and six and above for transactional sex.  It is possible that this 

is due, at least in part, to the inclusion of new syndemic factors that met the inclusion criteria 

(inclusion supported by the literature and statistical association with at least two of the traditional 

syndemic factors) but did not ultimately contribute much information, such as cigarette smoking.  

The equal loading of smoking across LCA groups in each LCA model supports the assertion that 

cigarette smoking did not contribute much information in the NYCM2M sample.  The 

association between smoking and HIV-related risk may be age dependent and putting smoking 

into a syndemic burden model that crossed all age groups in the NYCM2M study may have 

helped attenuate the findings.  Neither the traditional sum score nor the expanded sum score 

found statistically significant associations with serodiscordant condomless anal sex (table 3).  

 Counter to the premise of this analysis, the addition of new factors did not greatly help 

discriminate classes in the latent class modeling stage.  While several classes were identified, it 

remains unclear how heterogeneous syndemic burden truly is; classes seem to be differentiated 

by differences in a few items.  This suggests several possibilities: first, that there are significant 

differences driven by factors such as incarceration, but the prevalence of these items in the 

NYCM2M sample were low.  Second, it is possible that if syndemic burden represents a latent 
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construct, it represents a continuous over categorical construct and will be better described using 

another technique such as factor analysis, or even simply expanding the tally to incorporate new 

factors, either as a continuous measure or an ordinal variable.  These are testable hypotheses and 

will be explored in future work.   

The interaction analysis yielded interesting results.  To the best of our knowledge, no published, 

peer-reviewed study of syndemic factors among MSM has explicitly explored biological 

interaction (defined as a deviation from additivity) over statistical interaction.33  This analysis 

contributes to the literature in several ways.  First, it has shown that this type of calculation is 

feasible.  Further, these results lend empirical support to the assertion that psychosocial 

syndemic factors may indeed be synergistically associated with HIV-related sexual risk 

behaviors.  These results also give support to the assertion that syndemic factors need not be 

experienced at the same time to have joint influence on HIV risk behaviors, that is, early life 

experiences can synergistically interact with adult experiences to increase vulnerability to HIV 

among MSM.  For example, for reporting both transactional sex and reporting five or more 

partners, there was significant attributable proportion due to the combination of childhood sexual 

abuse and recent homelessness among adult MSM.  If these calculations can be replicated in 

other samples, this type of analysis could be useful in optimizing the distribution of public health 

resources.  The measurable presence of AP may also give support to the calls to develop long-

term life course-based cohort studies to focus on syndemic burden across the lifespan among 

MSM.97  It is interesting to note that in the NYCM2M study population, engaging in 

transactional sex seemed to be the outcome most highly affected by interactions.  Given the 

relatively low prevalence of transactional sex (8%), and the exacerbating nature of the AP 

calculations (none were significantly protective), this suggests that this is a group of men who 
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could benefit from intervention and the AP calculations could help shed some light on which 

factors and factors in combination are driving risk behavior in this group. 

This analysis does have limitations, however.  The analysis was exploratory in nature and must 

be replicated and tested against other latent variable methods.  Further, although these analyses 

were conducted in a large racially and socioeconomically diverse sample, the item prevalence for 

multiple syndemic indicators were low, which may have contributed to the latent class modeling 

results.  It is also possible that the conceptualization of syndemic burden as categorical is 

incorrect, and some other modeling strategy will be needed to more accurately reflect syndemic 

burden in this population.  The data collection was cross-sectional in nature, and cannot be used 

to answer questions of temporality, nor can it be used for questions of causal inference.  All data 

used in these analyses, including HIV-status, were based on self-report which could be 

susceptible to recall bias and inaccurate reporting of risk behaviors due to a fear of judgment.  To 

minimize these concerns, short recall periods (past six months or three months) were used, and 

the survey was delivered using ACASI technology to maximize privacy.  Previous research has 

shown this kind of technology to yield high quality information about HIV-related risk 

behaviors.98 

This analysis also has strengths.  It was based on a large, diverse sample of MSM living in a 

large urban area.  Participants were recruited from multiple neighborhoods and were not 

recruited on a risk factor, which helped the sample to reflect MSM living in New York City.  The 

survey used ACASI technology and short recall periods to minimize recall bias and privacy 

concerns.  The use of latent variable modeling added depth and nuance to understanding of 

syndemic burden and to how that syndemic burden contributes to HIV-related vulnerability 



 

94 
 

9
4

 

among MSM. Further, the addition of the interaction analysis brings in more of the theoretical 

framework underpinning the study of syndemics.   

Conclusion   

Despite the noted limitations, this study provides valuable information to researchers using the 

syndemics framework to study factors that contribute to increased vulnerability to HIV among 

MSM.  Results lent support to the importance of traditional syndemic factors, as well as the 

incorporation of multiple new factors into syndemic burden, including childhood physical abuse, 

incarceration, homelessness, and racism.  It further contributed to the literature by extending the 

current use of the syndemic framework with the addition of the calculation of synergistic effects 

using attributable proportion.  Further research, incorporating both the traditional and new 

factors identified and accounting for the synergy between these syndemic factors and their 

association with HIV-related sexual risk behaviors could help inform new interventions in this 

population. 
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Chapter 3 

 

Does where you live matter? Neighborhood-level influences on individual level syndemic 

burden and HIV-related sexual risk behaviors
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Abstract 

 

Objectives: Gay, bisexual, and other men who have sex with men (MSM) continue to be 

disproportionately affected by HIV.  Syndemics theory has become a popular framework to 

study increased vulnerability to HIV in this population. However, the larger social and structural 

forces that give rise to individual-level burden have been understudied among MSM.  To 

investigate the influence of neighborhood-level social and structural factors on individual-level 

syndemic burden, we examined associations between neighborhood-level indicators of poverty, 

physical disorder and social disorganization and individual-level syndemic burden and HIV-

related sexual risk behavior outcomes among gay, bisexual, and other men who have sex with 

men (MSM) in New York City. 

Methods: Using cross-sectional data collected from (N=1325) MSM living in NYC we 

conducted individual-level latent class analysis (LCA) and multilevel latent class analysis 

(MLCA) to examine associations between neighborhood-level conditions and individual-level 

syndemic burden and several HIV-related sexual risk behavior outcomes in the three months 

prior to interview, including five or more male anal sex partners, serodiscordant condomless anal 

sex, and engaging in transactional sex. 

Results: Individual-level and multilevel latent class analyses both selected for a three-class 

model to represent syndemic burden.  Neighborhood-level factors did not have direct effects on 

individual-level syndemic burden; however, the inclusion of these upper-level measures did have 

a significant positive effect on model fit. Neighborhood-level measures of physical disorder and 

social disorganization were not significantly associated with HIV-related sexual risk behaviors.   

Conclusions:  Although the neighborhood-level measures themselves did not yield significant 

results, they remain important indicators to help discriminate individual-level syndemic burden 
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among urban gay, bisexual, and other men who have sex with men. Our results suggest that 

neighborhood level poverty may be an important driver of syndemic burden in this population, 

but that theoretical conceptualizations of the impact of physical disorder and social 

disorganization may not be appropriate for MSM and that innovative theories must be developed 

to explore how or if these factors contribute to syndemic burden or HIV-related risk behaviors in 

this population. 
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Introduction 

Thirty-five years into the HIV epidemic, it remains a serious public health problem, especially 

among gay, bisexual, and other men who have sex with men (MSM).  In 2015, 70% of all new 

HIV diagnoses in the United States were attributable to MSM,1 up slightly from 67% in 2014.2  

Further, between 2005 and 2014, HIV diagnoses in the United States decreased by 19% overall, 

but increased by 6% among MSM.3  This trend makes the understanding of the factors that 

increase vulnerability to HIV among MSM a critical public health goal.  There have been 

multiple frameworks developed to study this vulnerability – biological, biopsychosocial, 

minority stress, and syndemics among them.  Syndemics, first used by Merrill Singer4 and 

applied to the study of HIV/AIDS,4,5 defines an intersecting set of problems that can increase 

vulnerability to HIV.  Syndemics theory further suggests that these problems are mutually 

enhancing and are the result of social processes such as marginalization, social inequality, 

racism, and poverty;6 syndemics theory has become a well-established framework for explaining  

how individual experiences and social conditions influence both an individual’s disease 

experience and the distribution of disease across populations.4,5,7-10  While this framework has 

been used multiple times among MSM,11-16 the application of syndemic theory to HIV has 

traditionally been limited to considering individual-level risk factors including intimate partner 

violence, childhood sexual abuse, polydrug use, depression, and sexually compulsive 

behavior.11,17,18 The influence of the social processes that give rise to an individual’s syndemic 

burden or their HIV-related sexual risk behaviors has been understudied among MSM.19-21 

There is a growing body of evidence that suggests social and structural conditions have impacts 

on health, 22-38 and that some of these impacts may be more deleterious than individual-level risk 

behaviors.  For example, the physical and social stresses associated with living in a 
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disadvantaged neighborhood may adversely affect morbidity or mortality independent of 

individual risk, 38,39  possibly by making it more difficult for an individual to access resources.  

Two recent reviews have observed that HIV transmission among vulnerable populations in the 

United States can be traced to the interrelationships between local HIV prevalence, individual 

behaviors, biological factors, and social conditions.27,40  This conception fits in nicely with 

syndemics theory, mirroring the idea that multiple factors operating at different levels of 

influence all contribute to HIV, especially in socially disenfranchised or marginalized 

populations.40 A recent study found  a positive association between county-level income 

inequality, proportion of the population that was unmarried, and increased HIV diagnosis rate, 

while there was a negative correlation between proportion of white residents and HIV diagnosis 

rates.37 Among MSM, however, the influence of larger social conditions remains understudied.41  

Recent work has begun to incorporate some of these social conditions or structures into the HIV 

risk framework among MSM; in investigating HIV/STI disparities among MSM by race, 

Sullivan et al42 found that black MSM were more likely to live in census tracts with higher levels 

of poverty and unemployment and lower proportions of male same sex households, all of which 

contributed to the  observed black-white disparities in HIV and other sexually transmitted 

infections (STI) among MSM living in Atlanta.42  

 

Little of this research has translated to the syndemics literature among gay, bisexual, and other 

men who have sex with men, despite the recognition that upper level factors may be important 

drivers of HIV among this population.43,44 Returning for a moment to the conceptualization of 

syndemics, neighborhood-level factors are being used to represent the “deleterious social and 

physical contexts” within which individual-level syndemic burden develops and operates.  The 
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NYCM2M study offers a unique opportunity to extend the syndemic literature by including these 

neighborhood-level factors, reliant on tenets of social disorganization theory45 and neighborhood 

physical disorder.46 Neighborhood physical disorder – defined as the physical deterioration of a 

landscape – is often measured by proxies such as broken windows, graffiti-laden buildings, filthy 

streets, and deteriorated or abandoned buildings.46  While physical disorder has long been 

studied in relation to crime and fear of crime in communities, 45-48 it has recently begun to be 

studied in the public health literature.  A number of studies have found associations between 

markers of neighborhood physical disorder and depression,49,50 anxiety,51 sexually transmitted 

infections,28,52,53 sexual risk behaviors54,55 and substance use.49,56,57 While the link between 

broken windows or deteriorated or abandoned buildings and HIV risk may not be immediately 

apparent, these factors may increase risk by creating places for risk behavior to occur27,56 or by 

contributing to other factors such as social disorganization.39   Social disorganization theory 

suggests that physical and social neighborhood characteristics (such as neighborhood 

unemployment, residential mobility, and ethnic heterogeneity) can result in fewer or weaker 

social ties between residents, which negatively influence collective efficacy and the ability to 

enforce social norms.45-47  In work with adolescents and young adults, adolescents who came 

resided in neighborhoods with high levels of collective efficacy reported fewer sexual partners,58 

while adolescents and young adults were more likely to report short-term sexual partnerships in 

neighborhoods with low collective efficacy.59  Recent work by Frye et al. using data from the 

NYCM2M study,60 found some direct support for the influence of neighborhood physical 

disorder (broken windows, filthy streets) and social disorganization (ethnic heterogeneity) on 

sexual risk behavior outcomes among white and black MSM, holding individual level risk 

factors constant.  What remains unclear is whether (or which) neighborhood-level factors 
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influence individual-level syndemic burden.   Understanding how neighborhood-level factors 

influence syndemic burden incorporates these factors into the syndemic framework, but may also 

play important roles in the design of new interventions going forward. If syndemic burden on the 

individual-level is directly influenced by neighborhood-level factors, failing to take those factors 

into account may weaken the strength of an intervention for men living in neighborhoods with 

those upper-level factors.  This analysis will extend the literature by using multilevel latent class 

(MLCA) analysis to investigate the influence of neighborhood (measured by physical disorder 

and social disorganization) on individual-level syndemic burden and HIV-related sexual risk 

behavior outcomes. 

 

Methods 

 

Study Participants 

Analyses were conducted using data from the NYCM2M project, an NICHD-funded cross-

sectional study designed to identify neighborhood-level characteristics within the urban 

environment that influence sexual risk behaviors, substance use and depression among gay, 

bisexual, and other men who have sex with men living in New York City.  The methods have 

been described in detail elsewhere.61  Briefly, gay, bisexual, and other men who have sex with 

men residing in New York City were recruited between October 2010 and July 2013 using a 

modified venue-based time-space sampling methodology and through banner ads on selected 

websites, and pre-screened for preliminary eligibility. Men were eligible to participate if they: 1) 

were born biologically male, 2) were at least 18 years old, 3) lived in New York City, 4) reported 

anal sex with at least one man in the three months prior to study enrollment, 5) spoke English 
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and/or Spanish, and 6) were willing and able to give informed consent.  Those eligible were 

asked to provide contact information; attempts were made to contact all potential participants to 

screen for eligibility and schedule a study visit. In total, 4,998 men were approached and 

provided contact information; 1,997 men met the study's eligibility criteria and scheduled a study 

visit and 1,503 men enrolled (75%), yielding an analytic sample of 1493 surveys.  During the 

study visit, men provided written informed consent, and then met with a member of the study 

staff to complete a neighborhood locator module, which collected information on the locations of 

four main neighborhoods – residential, social, and sexual (neighborhood in which the participant 

most often has sex, and the neighborhood in which the participant most recently had sex) using 

Google Earth, identifying specific locations (e.g. the closest intersection to the participant’s 

home) that could later be geocoded.61 Participants then completed a cross-sectional survey of 

sociodemographic, developmental, psychosocial, substance use, sexual and HIV-related modules 

using ACASI technology.  At the end of the study visit, men were offered voluntary HIV 

counseling and testing.  Upon completion of the visit, participants received $50 and a two-way 

MetroCard for their time and transportation costs. The Institutional Review Boards of the New 

York Blood Center and other associated institutions approved the study protocol. 

 

Measures 

 

Individual level measures 

 

Sociodemographic factors included the following: age, primary race/ethnicity (non-Hispanic 

White/non-Hispanic Black/Hispanic/Other), education (high school graduate/GED or less vs. 
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some college or more), and lifetime history of incarceration (yes/no).  Participants were also 

asked about their current employment status.  Participants were asked about their HIV status and 

their responses were coded as HIV-negative or HIV-positive/unknown status.  If a participant 

reported never having had an HIV test or reported that the results of his most recent HIV test 

were indeterminate or had not yet been received, he was coded as having an unknown HIV 

status.   

 

Traditional Syndemic Factors 

 

Depression: To assess depressive symptoms, we used the PHQ-9,62 a brief 9 item screener for 

depression and depression severity based on DSM-IV criteria.62  This instrument has been found 

to be both valid and reliable in multiple populations.63-71  The criteria include being bothered by 

“little interest or pleasure in doing things” or “feeling down, depressed, or hopeless” or “thoughts 

that you would be better off dead or of hurting yourself in some way.” For each criterion 

participants were asked if they had ever had a 2-week period during which they had experienced 

the symptom (yes/no). Those who answered yes were asked if that period had occurred within 

the past 3 months (yes/no). Due to an adjustment in the survey part of the way through the data 

collection period, most men were asked if they had experienced this during the past 2 weeks.  

For the men who were not asked about any depression in the two weeks prior to interview 

(n=340), data may be imputed under the assumptions that the data was missing completely at 

random (MCAR) or missing at random (MAR).72  Multiple imputation was carried out in SAS 

9.4 (SAS Institute, Cary, NC) using PROC MI with a 20 imputation sets and a seed number 

(n=12345) for purposes of replication. 
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Alcohol and Illicit Drug Use 

 

Participants were given a list of illicit drugs (marijuana, poppers, crack, cocaine, 

methamphetamine, heroin, club drugs, erectile dysfunction drugs, and recreational use of 

prescription opiates, and/or benzodiazepines) and asked to check which drugs they had used in 

the past three months.  For alcohol use, participants were administered the AUDIT-C, a validated 

screener for hazardous drinking.  Any participant who scored ≥4 points was classified as meeting 

criteria for hazardous drinking.73  Given the research focus on polydrug use (defined as use of 

three or more substances in a given time period), a latent class analysis of drug and alcohol use 

was conducted to identify patterns of substance use. Participants were assigned to a drug use 

class based on a latent class analysis of alcohol and illicit drug use.  

 

The alcohol and drug use classes are as follows: 

 

Class Class 

name 

N Poppers Crack/Cocaine Meth Club 

Drugs 

Opioids Hazardous 

drinking 

(AUDIT) 

1 Low 

drug use 

class 

991 0.268 0.030 0.000 0.010 0.059 0.447 

2 General 

polydrug 

use 

299 0.582 0.775 0.128 0.398 0.341 0.989 

3 Sex/Party 

polydrug 

use class 

35 0.686 0.314 1.000 0.457 0.343 0.000 

 

Childhood Sexual Abuse: Participants were coded as having experienced childhood sexual abuse 

(a) if they reported any sexual touching or intercourse before the age of 13 with a partner who 
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was 5 or more years older, (b) if they reported any unwanted sexual experiences between the 

ages of 13 and 18, or (c) if between the ages of 13 and 18, they had a sexual partner who was 

five or more years older.74 

 

Intimate Partner Violence: Participants were coded as having experienced intimate partner 

violence (yes/no) with a current or previous primary male partner if he reported ever being hit, 

kicked, slapped, beaten or in any other way physically assaulted by a current or former primary 

male partner. 

 

Additional syndemic factors 

Based on the previously-conducted systematic literature review (here chapter 1), a number of 

potential new factors were eligible for consideration.  If these factors were also statistically 

significantly associated with at least two of the traditional syndemic factors, they were retained 

for further analysis. 

Lifetime Experience of sexual orientation-based discrimination: Using an adapted version of the 

Schedule of Racist Events75 the cumulative burden of sexual orientation-based discrimination a 

participant felt was assessed. This is a 16-item scale (Cronbach’s α = 0.92); participants were 

asked to identify how many times in their entire lives they had experienced discrimination by 

teachers, professors, employers, members of helping professions, colleagues, coworkers, and 

others because the participant was gay or a man who has sex with men.  Participants answered 

on a 5-point Likert scale ranging from “never” to “most of the time.” A higher score indicated 

greater exposure to sexual orientation-based discrimination.  Scoring for the scale ranged from a 

minimum of 0 to a maximum of 64. 
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The experience of gay-related harassment or violence has been shown to be an independent risk 

factor for HIV-related sexual risk behaviors.76-79  For these analyses, one item was pulled out of 

the lifetime experience of sexual orientation-based discrimination scale referenced above to 

capture the experience of gay-related harassment or violence; participants were asked how often 

they had been made fun of, picked on, pushed, shoved, hit, or threatened with harm because they 

were gay or a man who has sex with men. Men who responded “once in a while” or more 

frequently were coded as having experienced gay-related harassment or assault.  (For the 

remaining 15 items used as a scale: Cronbach’s α = 0.91; scoring for the 15-items scale ranged 

from a minimum of 0 to a maximum of 60). 

 

Internalized Homophobia: Internalized homophobia was assessed using a seven-item scale80 in 

which participants were asked about their agreement (on a 5-point Likert scale ranging from 

“strongly disagree” to “strongly agree”) with statements such as “I have tried to stop being 

attracted to men” and “I would like to get professional help in order to change my sexual 

orientation so that I was no longer attracted to other men.” (7 items; Cronbach’s α = 0.89).  Due 

to the highly skewed distribution of the data, participants who responded either “agree” or 

“strongly agree” to at least one of the seven item were coded as high IH scorers, following the 

work of Herek and Glunt.81 

 

Childhood physical abuse: Participants were coded as having experienced childhood physical 

abuse if they reported being hit, kicked, slapped, or strangled by a parent or guardian prior to 

turning 18 years old.   
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Gay-related childhood physical abuse: Participants who reported childhood physical abuse were 

further asked if any of the experiences happened because they were gay or had sex with men.  

Participants who endorsed this item were coded as having experienced gay-related childhood 

physical abuse. 

 

Experience(s) of racism: Participants were coded as having experienced racism if they reported 

ever experiencing discrimination, been prevented from doing something, or had been hassled or 

made to feel inferior in their home and/or social neighborhood because of his race, ethnicity, or 

color. If a participant reported racism in either his home or social neighborhoods (or both), he 

was coded was having experienced racism.82 

 

Homelessness: If a participant reported that he had lived in a shelter, single-resident occupancy 

hotel (SRO), or on the streets (including in parks, deteriorated, or abandoned buildings, church 

steps etc.) or had reported moving residence multiple times in the six months prior to interview, 

he was coded as having experienced homelessness or unstable housing. 

 

Incarceration: Participants were asked if they had ever been arrested and if so, how many arrests 

had led to an incarceration.  Any participant reporting at least one instance was coded as having a 

lifetime history of incarceration.   

 

Tobacco: Participants were asked if they had smoked cigarettes (yes/no) in the three months 

prior to interview. 
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Neighborhood-level measures 

 

For all the measures below, data was collected and geocoded at the census-tract level and 

aggregated up to the level of the neighborhood tabulation area (NTA) and all are presented as 

proportions ranging from 0-1.  Neighborhood tabulation area was chosen to represent 

neighborhoods for this analysis for several reasons. First, although the level of data collection 

was at the census tract, census tract is too small an area for this kind of analysis.  Second, the 

NTAs are subsets of the NYC public microdata areas (PUMAs), which approximate community 

districts.60  Since there are 55 PUMAs in New York City (roughly approximating the city’s 59 

community districts) and each has a minimum of population of 100,000, 60 PUMA is too large a 

unit to meaningfully study very local factors. Further,  multilevel analysis in general, but 

multilevel latent class analysis (MLCA) in particular requires a large number of clusters, and 

using the 55 PUMAs or 59 community districts could create modeling instabilities.83 

Neighborhood tabulation areas, with a minimum population of 15,000, approximate named 

neighborhoods in New York City.84 

 

Physical disorder 

 

1) Proportion of windows in the NTA that were broken or boarded up was derived from the New 

York City Housing and Vacancy Survey.85 

 

2) Proportion of buildings that are deteriorated or dilapidated was derived from the New York 

City Housing and Vacancy Survey.85 



 

115 
 

1
1

5
 

 

Social disorganization 

 

1) Ethnic heterogeneity is a measure how diverse a geographic area is in terms of race and 

ethnicity.  For this analysis, it was calculated using Simpson’s Diversity Index;86 and used 

population estimates from the 2008-2012 ACS.  Historically, this index (adapted into the public 

health literature from the biology literature) was used to capture both richness of diversity (in 

biology, the number of species in a sample) and evenness (the relative proportion of each species 

in the sample).  These concepts have been adapted into the education and public health 

literatures, to describe the racial/ethnic diversity of a school or a neighborhood.  It is calculated 

based on the formula: 

𝐷𝑠 = 1 −  ∑ 𝑝𝑖
2

𝑔

1

 

 Where p is the proportion of neighborhood residents who are in racial/ethnic group i.  This 

proportion is then summed across g groups and subtracted from 1.86 Briefly, it estimates the 

probability that two randomly selected residents of an NTA will be of two different races or 

ethnicities, with higher values indicating greater racial/ethnic diversity.  

 

2) Proportion of NTA residents unemployed was derived from the ACS87 2008-2012 five year 

estimates 

 

3) Proportion of the NTA residents with a high school diploma/GED or higher was derived from 

the ACS87 2008-2012 five year estimates 
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4) Residential stability was defined as the proportion of NTA residents who resided in the same 

house for more than 1 year, and was derived from the ACS87 2008-2012 five year estimates 

 

5) Proportion of vacant housing units in a given NTA was derived from the New York City 

Housing and Vacancy Survey.85 

 

Control variable 

Due to the correlation between the neighborhood-level poverty and multiple measures of 

neighborhood physical disorder and social disorganization hypothesized in the literature,88-90 

neighborhood level poverty was included in the latent class modeling process as a control 

variable in an effort to tease out independent influences of the factors representing physical 

disorder and social disorganization.   The proportion of neighborhood residents living in poverty 

was derived from the ACS87 2008-2012 five year estimates. 

 

Outcome variables of interest 

 

Reporting a greater number of sex partners has been shown to be associated with HIV-positive 

status,91 and having sex partners of unknown HIV status.92 Serodiscordant condomless anal sex 

has been shown to be associated with detectable viral load among HIV-positive men, 93 polydrug 

use, 94 and stimulant use and sexual compulsivity.95 Transactional sex has been shown to be 

associated with a higher likelihood of being HIV-positive, decreased condom use, increased 

number of sex partners, and substance use.91,96-99 As such, outcomes are: 
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1) Five or more anal sex partners: Participants were asked to write in the number of non-primary 

male anal and transgender female sex partners (with or without a condom) they had in the three 

months prior to interview.  All men who reported a minimum of five partners were coded as 

positive for five or more sex partners. 

 

2) Serodiscordant condomless anal sex partners: Serodiscordant unprotected anal intercourse was 

defined as insertive or receptive anal sex with a male or transgender female partner of opposite 

or unknown HIV-status [to the participant] without a condom in the past 3 months.   

 

3) Transactional sex: Transactional sex was assessed by asking a participant (in the three months 

prior to interview) how many of his [non-primary] male or transgender female partners had given 

him money, drugs, a meal, other goods, or a place to stay in exchange for sex.  Participants were 

asked the same question for HIV-positive, HIV-negative, and HIV status unknown male sex 

partners. If a participant reported this exchange with at least one partner of any HIV-status, he 

was coded as having had transactional sex. 

 

Statistical analysis 

Inclusion/Exclusion 

 

There were several exclusion criteria applied to the NYCM2M study sample for this analysis.  

To be eligible for this analysis, participants had to have geographic data corresponding to his 

home neighborhood (generated from the Google Earth portion of the interview) in addition to 
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questionnaire data; 12 men did not have geographic data and were excluded, yielding a pool of 

1481 participants.  This analysis was further restricted to men who resided in neighborhood 

tabulation areas (NTAs) in which the MYCM2M study had recruited 5 or more men.  This 

restriction was put in place due to concerns about modeling stability for clusters containing fewer 

than five participants, while balancing the number of clusters and the number of individuals per 

cluster.100-102 This second condition excluded a further 156 men, resulting in an analytic sample 

of 1325.  A comparison between the included and excluded participants by NTA can be found in 

table 1.   

 

Identification of potential syndemic factors and mapping of expanded factors on to the traditional 

factors 

 

Based on the factors uncovered in the recent systematic review (here chapter 1) the associations 

between these new factors and the four established factors were investigated using unadjusted 

logistic regression models, following the procedures of Parsons et al.12  If a potential factor was 

statistically significantly associated with at least two of the traditional factors, it was retained as a 

syndemic factor in the latent class modeling and regression analyses.  The results that led to 

selecting syndemic factors for inclusion in the individual-level and multilevel LCA modeling can 

be found in table 3.3a.   

 

Latent class modeling 
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Latent class analysis is a probabilistic method designed to organize individuals into exhaustive 

but directly unmeasurable classes based on observations in empirical data using categorical 

and/or continuous observed variables.103 Multilevel latent class models are used to account for 

the nested structure of the data at the second level of the analysis.104,105  These random means 

allow for the probability of an individual’s assignment to a latent class to vary over level-two 

factors, for example, NTA. We estimated multilevel latent class models in Mplus 7.4 (Muthén & 

Muthén, Los Angeles, CA, USA) in multiple steps.  An initial LCA was run using only the 

individual level syndemic factors to determine the optimal number of individual-level classes, 

which were then rerun incorporating important sociodemographic covariates. Single level 

models ranging from one to six classes were run, each using 500 random starts to avoid local 

minima/maxima and to replicate the log likelihood.  Based on the initial LCA using only 

individual-level data, we estimated models with two, three and four latent classes including 

individual-level sociodemographic covariates, a clustering variable (NTA), with the 

neighborhood-level variables entered as upper-level covariates, and compared these models 

using a variety of model fit indices, including relative entropy and the Bayesian information 

criterion (BIC). Additionally, the Adjusted Lo–Mendell–Rubin likelihood ratio test (ALRT) was 

used to compare the explanatory power of each latent class solution against the solution with one 

fewer latent classes.106  Similar to the previous individual-level only LCA, the model selected 

balanced fit indices, model parsimony, and interpretability. 
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Results 

Study population 

 

As shown in table 1, participants residing in the included NTAs were significantly different from 

those who resided in excluded NTAs in several ways.  While they did not differ by age 

distribution, current employment, or self-reported HIV status, participants residing in included 

and excluded NTAs did differ in terms of race (14% of Hispanics lived in excluded NTAs 

compared to 11% of non-Hispanic Blacks, and 8% of non-Hispanic Whites), and highest 

educational level (16% of those with a high school diploma/GED or less were excluded vs. 9% 

of those with at least some college).  They also differed significantly by borough of home 

residence; those living in the outer boroughs of New York City were more likely to be excluded, 

with Queens (28% of those residing in Queens were excluded) and Staten Island (67% of those 

residing in Staten Island were excluded) especially affected. 

 

Table 3.1 Inclusion/Exclusion by NTA, NYCM2M (N=1481) 

Factor Included 

(N=1325) 

N (%) 

Excluded 

(N=156) 

N (%) 

Test statistic 

and  

p-value 

Individual-level Factors 

Sociodemographic Factors 

Age 

18-24 341 (89%) 42 (11%) 

2(df=3) = 0.82 

p=0.844 

25-29 357 (89%) 46 (11%) 

30-39 322 (90%) 35 (10%) 

40+ 305 (90%) 33 (10%) 

Race/Ethnicity 

Non-Hispanic White 433 (92%) 36 (8%) 

2(df=3) = 8.52 

p=0.036 

Non-Hispanic Black 331 (89%) 40 (11%) 

Hispanic 389 (86%) 61 (14%) 

Other 172 (90%) 19 (10%) 

Education    

HS/GED or less 210 (84%) 41 (16%) 
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Some college or more 115 (91%) 115 (9%) 
2(df=1) = 

10.79 

p=0.001 

Current employment    

Unemployed 477 (87%) 68 (13%) 2(df=1) = 3.46 

p=0.063 Employed, full- or part-time 848 (91%) 88 (9%) 

HIV status    

Negative 968 (90%) 107 (10%) 2(df=1) = 1.40 

p=0.237 Positive or unknown 357 (88%) 49 (12%) 

Geographic Factors 

Borough 

Bronx 160 (81%) 37 (19%) 

2(df=4) = 

228.61 

p<0.001 

Brooklyn 446 (92%) 41 (8%) 

Manhattan 558 (>99%) 2 (<1%) 

Queens 153 (72%) 60 (28%) 

Staten Island 8 (33%) 16 (67%) 

Neighborhood-level Factors    

Physical Disorder    

Proportion of buildings with 

broken/boarded up windows, Mean (SD) 

0.039 (0.031) 0.035 (0.031) T (1479) = -

1.391  

p = 0.164 

Proportion of buildings that are dilapidated 

or deteriorated, Mean (SD) 

0.052 (0.046) 0.0345 

(0.032) 

T (1479) = -

4.655  

p = 0.001 

Social disorganization    

Proportion of vacant units, Mean (SD) 0.102 (0.047) 0.073 (0.026) T (1479) = -

7.58 

p<0.001 

Ethnic heterogeneity, Mean (SD) 0.368 (0.129) 0.372 (0.187) T (1479) = 

0.354  

p = 0.723 

Proportion of residents residing in the same 

house for more than 1 year, Mean (SD) 

0.851 (0.057) 0.903 (0.044) T (1479) = 

10.95  

p = 0.001 

Proportion of neighborhood residents 

living in poverty, Mean (SD) 

0.225 (0.09) 0.175 (0.11) T (1479) = -

6.00 

p<0.001 

 

As shown in table 2, the NYCM2M analytic sample was diverse in terms of age (Mean=32, 

SD=10; range 18-71 years), race (33% non-Hispanic White, 25% Non-Hispanic Black, 30% 

Hispanic, and 12% other), and socioeconomic status (63% employed, 83% had at least some 
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college, and 58% reported an annual household income less than $40,000).  In terms of syndemic 

factors, prevalence ranged from 5% for a lifetime history of incarceration up to 65% reporting 

having experienced some form of gay-related harassment or violence.  Thirty-one percent 

reported having five or more male sex partners in the past three months, 20% reported having at 

least one serodiscordant condomless anal sex partner in the past three months, and eight percent 

reported transactional sex during the same period. 

 

Table 3.2. Selected sociodemographic factors, syndemic factors, and outcomes, NYCM2M (N = 

1325) 

Factor N (%) 

Sociodemographics 

Age, Mean (SD) 32.10 (10.39) 

Age category  

18-24 341 (26%) 

25-29 357 (27%) 

30-39 322 (24%) 

40+ 305 (23%) 

Race/Ethnicity  

Non-Hispanic White 433 (33%) 

Non-Hispanic Black 331 (25%) 

Hispanic 389 (29%) 

Other 172 (13%) 

Education  

HS/GED or less 210 (16%) 

Some College/AA or more 1115 (84%) 

Employment   

Employed FT/PT 848 (64%) 

Unemployed (Inc. working off the books or those out of the labor force) 447 (36%) 

HIV status (self-report)  

HIV-negative 968 (73%) 

HIV-positive or unknown status 357 (27%) 

Psychosocial Syndemic Factors 

Traditional  

Depression, past 2 weeks  

(met 5+ criteria for depression, per the PHQ-9, α=0.84) 

138 (10%) 

Intimate Partner Violence  

(Current or former primary male partner) 

332 (25%) 

Childhood sexual abuse, prior to the age 12 305 (23%) 
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Polydrug use (3 or more drugs, no stimulant/non-stimulant distinction 

made) 

130 (10%) 

Potential additions  

Met criteria for hazardous drinking (AUDIT-C ≥4, α=0.80) 739 (56%) 

Tobacco use, past 3 months 585 (44%) 

Race-based discrimination in home and/or social neighborhoods 267 (20%) 

Gay related harassment or violence, lifetime  864 (65%) 

Sexual orientation-based discrimination (15 item, lifetime, α=0.91); 

Mean (SD)a 

12.86 (9.4) 

Internalized homophobia (highest/all other) 429 (32%) 

Childhood physical abuse (up to age 18) 605 (46%) 

Gay-related childhood physical abuse 90 (7%) 

Lifetime history of incarceration 70 (5%) 

Recent homelessness or unstable housing 172 (13%) 

Outcomes  

Participant reported 5+ male sex partners, past 3 monthsb 407 (31%) 

Participant had serodiscordant condomless anal sex, past 3 months 271 (20%) 

Participant engaged in transactional sexb 101 (8%) 
aScale values range from 0-60 
b59 men (4%) reported both transactional sex and five or more male anal sex partners 

 

Identification of potential syndemic factors and mapping of expanded factors on to the traditional 

factors 

 

Based on the results of the systematic review (chapter 1), multiple potential syndemic factors 

were identified in the NYCM2M study.  As shown in table 3.2a, all but two of the new syndemic 

factors were associated with at least two of the traditional syndemic factors (recent depression, 

childhood sexual abuse, intimate partner violence, and polydrug use).  The two factors that failed 

to meet this criterion were lifetime history of incarceration and recent homelessness.  These two 

factors were then excluded from use as indicators in the latent class modeling.  Recent 

depression and childhood sexual abuse were most often associated with the new factors, 

associated with nine each.  Intimate partner violence was associated with eight of the new 

factors, and polydrug was the least often associated, with only four new associations.  The 
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remaining new factors were associated with the traditional factors in the literature107 and were 

statistically associated in the NYCM2M study population, they were retained for subsequent 

modeling.   

 

Table 3.3a. Bivariate (unadjusted) odds ratios between traditional syndemic factors & potential 

new factors, NYCM2M (N=1325) 

 Traditional Syndemic Factors 

 Depression 

(past 2 weeks) 

Intimate partner 

violence 

(lifetime) 

Childhood 

sexual abuse 

Polydrug use 

(past 3 months) 

Intimate partner violence 

(lifetime) 

1.73 

(1.19-2.52) 
-- -- -- 

Childhood sexual abuse 1.93 

(1.32-2.81) 

1.41 

(1.06-1.88) 
-- -- 

Polydrug use (past 3 

months) 
1.43 

(0.84-2.44) 

2.00 

(1.37-2.92) 

0.87 

(0.56-1.35) 
-- 

Childhood physical 

abuse 

1.43 

(1.01-2.03) 

1.99 

(1.54-2.56) 

2.20 

(1.69-2.86) 

0.93 

(0.64-1.33) 

Gay-related childhood 

physical abuse 

3.39 

(2.03-5.66) 

3.03 

(1.96-5.16) 

3.89 

(2.52-6.01) 

1.52 

(0.80-2.88) 

Homelessness  2.37 

(1.54-3.64) 

1.34 

(0.94-1.91) 

1.33 

(0.93-1.93) 

1.41  

(0.87-2.31) 

Racism (lifetime) 1.82 

(1.23-2.70) 

1.62 

(1.21-2.17) 

1.50 

(1.11-2.03) 

0.98  

(0.63-1.55) 

Met criteria for 

hazardous drinking (past 

3 months) 

0.80 

(0.56-1.14) 

0.99 

(0.77-1.28) 

0.72 

(0.56-0.93) 

4.08 

(2.57-6.50) 

Cigarette smoking (past 3 

months) 

1.48 

(1.04-2.10) 

1.77 

(1.33-2.20) 

1.11 

(0.85-1.42) 

3.60 

(2.41-5.35) 

Incarceration (lifetime) 1.85 

(0.96-3.53) 

1.55 

(0.92-2.61) 

3.21 

(1.97-5.24) 

0.40 

(0.12-1.29) 

Internalized homophobia 

(high/low; lifetime) 

3.31 

(2.31-4.75) 

1.54 

(1.19-2.00) 

1.49 

(1.14-1.94) 

0.85  

(0.57-1.23) 

Sexual orientation-based 

discrimination (lifetime) 

T = -5.81 

P<0.0001 

T = -8.12 

P<0.0001 

T = -5.57 

P<0.0001 

T = -1.07 

P=0.089 

Gay-related harassment 

and/or assault (lifetime) 

2.01 

(1.32-3.06) 

2.26 

(1.69-3.03) 

1.36 

(1.03-1.79) 

1.42  

(0.95-2.13) 
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Similar to the associations between the traditional and potential syndemic factors, the 

associations between the individual factors and the outcomes showed that most of the new 

factors were associated with at least one sexual risk behavior outcome (table 3.2b).   

 

 

 

Table 3.3b Bivariate (unadjusted) odds ratios between syndemic factors and past three-month 

outcomes, NYCM2M (N=1325) 

 

 5+ male sex partners Serodiscordant 

condomless anal 

sex 

Transactional sex 

Depression 

(past 2 weeks) 

1.46 

(1.01-2.11) 

1.10 

(0.69-1.78) 

1.99 

(1.16-3.43) 

Intimate partner 

violence (lifetime) 

1.23 

(0.94-1.60) 

0.94 

(0.68-1.29) 

1.63 

(1.06-2.51) 

Childhood sexual 

abuse 

1.82 

(1.39-2.37) 

1.12 

(0.81-1.55) 

2.03 

(1.33-3.12) 

Polydrug use (past 3 

months) 

2.40 

(1.66-3.46) 

1.27 

(0.81-1.97) 

2.67 

(1.59-4.49) 

Childhood physical 

abuse 

1.24 

(0.98-1.57) 

1.30 

(0.98-1.72) 

1.75 

(1.16-2.64) 

Gay-related 

childhood physical 

abuse 

1.67 

(1.08-2.59) 

1.71 

(1.02-2.87) 

2.22 

(1.18-4.15) 

Homelessness 1.35 

(0.97-1.89) 

1.18 

(0.79-1.76) 

2.56 

(1.58-4.12) 

Racism (lifetime) 1.09 

(0.82-1.46) 

0.99 

(0.71-1.41) 

1.74 

(1.11-2.73) 

Met criteria for 

hazardous drinking 

(past 3 months) 

0.89 

(0.70-1.13) 

1.23 

(0.93-1.64) 

0.67 

(0.44-1.02) 

Cigarette smoking 

(past 3 months) 

0.95 

(0.75-1.20) 

0.95 

(0.72-1.26) 

1.63 

(1.08-2.45) 

Incarceration 

(lifetime) 

1.53 

(0.94-2.51) 

0.93 

(0.51-1.69) 

3.05 

(1.60-5.78) 

Internalized 

homophobia 

(high/low; lifetime) 

1.06 

(0.83-1.37) 

0.92 

(0.68-1.24) 

1.23 

(0.80-1.87) 

Gay-related 

harassment and/or 

assault (lifetime) 

T = -0.808 

P=0.419 

T = 0.454 

P=0.650 

T = -3.238 

P=0.002 
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Latent class model selection 

Step One: Individual-level modeling 

Table 3.4a. Fit indices for each individual-level model specification, NYCM2M (N=1325) 

Model  Number of Level 1 Classes 

 1 class 2 classes 3 classes 4 classes 5 classes 6 classes 

Individual Level Syndemic Factors only 

Syndemic factors only, no covariatesa and no clusteringb 

Free 

parameters 

13 26 39 52 65 78 

Log-

likelihood 

-11941.560 -

11584.308 

-

11454.583 

-

11366.432 

-

11311.529 

-

11272.062 

BIC 23976.580 23355.534 23189.543 23106.700 23090.353 23104.880 

ALRT p-

value 

n/a <0.0001 0.0270 0.0231 0.0224 0.4052 

Entropy n/a 0.720 0.721 0.826 0.760 0.766 

Syndemic factors with covariates but no clustering 

Free 

parameters 

16 26 39 52 65 78 

Log-

likelihood 

-14158.645 -

11582.462 

-

11452.692 

-

11364.739 

-

11309.878 

-

11270.383 

BIC 23432.317 23351.841 23185.762 23103.315 23087.053 23101.521 

ALRT p-

value 

n/a <0.0001 0.0268 0.0242 0.0227 0.4009 

Entropy n/a 0.720 0.721 0.826 0.759 0.766 

Syndemic factors including both covariates and clustering 

Free 

parameters 

19 29 45 61 

Not run Not run 

Log-

likelihood 

-14195.932 -

11572.733 

-

11418.933 

-

11321.570 

BIC 28528.458 23353.951 23161.379 23081.680 

ALRT p-

value 

n/a <0.0001 0.0011 <0.0001 

Entropy n/a 0.739 0.814 0.832 
aCovariates included: education (HS/GED or less vs. some college or more), employment 

(employed vs. unemployed) and HIV status (HIV negative vs. HIV positive or unknown); 
bClustering by neighborhood tabulation area (NTA) 
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Table 3.4b. Fit indices for each model specification for MLCA, NYCM2M (N=1325) 

Model  Number of Level 1 Classes 

 1 class 2 classes 3 classes 4 classes 5 classes 6 classes 

Individual & Neighborhood-level Syndemic Factors  

Syndemic factors, individual levela and neighborhood-level povertyb 

Number of free 

parameters 

Not 

run 

31 48 65 

Not run Not run 

Log-likelihood -11574.424 -11418.229 -11320.689 

BIC 23371.713 23181.537 23108.674 

Lo-Mendel-

Rubin LRT p-

value 

<0.0001 0.0003 0.2672 

Entropy 0.739 0.899 0.831 

Syndemic factors, individual levela and neighborhood-level covariates of physical 

disorderb,c 

Number of free 

parameters 

Not 

run 

33 50 67 

Not run Not run 

Log-likelihood -11572.868 -11417.747 -11308.500 

BIC 23382.979 23194.953 23118.673 

Lo-Mendel-

Rubin LRT p-

value 

<0.0001 0.0011 0.0432 

Entropy 0.741 0.900 0.848 

Syndemic factors, individual levela and neighborhood-level covariates of social 

disorganizationb,d 

Number of free 

parameters 

Not 

run 

36 53 
70 

Not run Not run 

Log-likelihood -11573.259 -11415.869 -11317.038 

BIC 23405.329 23212.765 23137.319 

Lo-Mendel-

Rubin LRT p-

value 

<0.0001 0.0011 0.3408 

Entropy 0.742 0.884 0.839 

Syndemic factors, individual levela and neighborhood-level covariates of physical 

disorder, social disorganizationb,c,d 

Number of free 

parameters 

Not 

run 

39 56 73 

Not run Not run 

Log-likelihood -11571.154 -11414.949 -11315.249 

BIC 23422.686 23232.492 23155.308 

Lo-Mendel-

Rubin LRT p-

value 

<0.0001 0.0033 0.3971 

Entropy 0.746 0.886 0.840 
aCovariates included: education (HS/GED or less vs. some college or more), employment 

(employed vs. unemployed) and HIV status (HIV negative vs. HIV positive or unknown); 
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bProportion of NTA residents living below the federal poverty line; cPhysical disorder covariates 

at the neighborhood level: proportion of windows that are broken or boarded up, proportion of 

buildings that are deteriorated or dilapidated; dSocial disorganization covariates at the 

neighborhood level: ethnic heterogeneity, proportion of NTA residents unemployed, proportion 

of the NTA residents with a high school diploma/GED or higher, proportion of housing units that 

are vacant, and the proportion of NTA residents who resided in the same house for more than 1 

year 

 

Graphical displays of the log likelihood and BIC are displayed below.  These are important 

criteria for evaluating model fit. 

 

Figure 3.1a Log likelihood per LCA model (represented by the number of classes in the x-axis), 

NYCM2M (N=1325) 

The corresponding BIC for each individual-level LCA model:  
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Figure 3.1b BIC per LCA model, NYCM2M (N=1325) 

The two-class model was the simplest of models considered, as a one-class model simply 

represented the entire sample without any differentiation by indicators.  This model, shown 

below in figure 3.2a, divides the sample into a high and low burden class.  Although this is 

consistent with most of the syndemics work done among MSM,107 and had adequate fit statistics 

(table 3.3a), in grouping by low burden/high burden, small yet meaningful differences between 

groups may have been obscured. 
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Figure 3.2a. 2-class model, individual level factors only, NYCM2M (N=1325) 

 

Guided by the fit indices, a three-class model was next considered.  As shown below in figure 

2b, the three classes identified by the model did pull out small but potentially meaningful 

differences that were not detectable in the 2-class model.  While the class separation (measured 

by entropy) remained equivocal (0.721 vs 0.720), the resulting reduction in BIC and log 

likelihood suggested improved model fit.   
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Figure 3.2b. 3-class model, individual level factors only, NYCM2M (N=1325) 

Finally, the four-class model was considered.  While this model was favored by the fit indices 

(lowest BIC and highest entropy), it was plagued by several issues that called its usefulness into 

question.  As shown in figure 2c below, the four classes did identify discriminating patterns of 

syndemic burden, the number of classes that had conditional probabilities of 0 or 1 for a given 

item (for example, the low burden class had a 0% probability of having experienced gay-related 

harassment or violence and the moderate-low burden class had a 100% probability of endorsing 

the same item) suggest a possible model identification problem – given that latent class analysis 

is a probabilistic method it is unlikely that there is a perfect (0 or 1) classification.  This suggests 

that these classifications (that is classes defined by a 0% or 100% probability of item 

endorsement) could be artifacts of the modeling process over actual class discriminating 

variables.108  Further, while the BIC and log likelihood for the four-class decreased (suggesting 

an improvement in model fit), the decreases in BIC and log likelihood for this model over the 

simpler three-class model were smaller than the decreases between the two-class and three-class 
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models (see figures 3.1a and 3.1b), suggesting a diminishing return, that is, the added 

information in distinguishing between three and four classes may not be a good tradeoff for the 

added model complexity; this is especially salient as the added information itself is suspect given 

the model identifiability concerns.103  

 

 

Figure 3.2c. 4-class model, individual level factors only, NYCM2M (N=1325) 

For these reasons, the three-class model was selected to move forward with the multilevel 

analysis. 

 Moderate burden High burden Low burden 

Moderate burden 0.842 0.032 0.131 

High burden 0.096 0.903 0.001 

Low burden 0.111 0.003 0.893 

Table 3.5 Average latent class probabilities for most likely latent class membership by latent 

class, individual level only 
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The class prevalence and the probability of endorsement of each item by members of a given 

class for the three-class model are shown below.   

 

Low burden 

class 

(N=595) 

Moderate burden 

class (N=625) 

High burden 

class (N=105) 

Class prevalence 44.98% 47.16% 7.92% 

Syndemic factors 

Childhood sexual abuse 0.166 0.262 0.431 

Childhood physical abuse 0.292 0.577 0.701 

Gay-related childhood physical abuse 0.003 0.086 0.328 

Intimate partner violence 0.131 0.331 0.491 

Racism 0.085 0.262 0.528 

Gay-related harassment or violence 0.332 0.923 0.956 

Depression 0.046 0.132 0.271 

Internalized homophobia (High/low) 0.297 0.318 0.503 

Polydrug use (general) 0.183 0.27 0.217 

Polydrug use (sex/party) 0.029 0.026 0.011 

Tobacco 0.404 0.476 0.455 

Sexual orientation-based discrimination, 

lifetime; Mean (SD) 6.46 (2.25) 15.49 (1.28) 33.99 (2.18) 

Sociodemographic factors 

Age category    

18-24 163 (27%) 149 (24%) 29 (28%) 

25-29 154 (26%) 182 (29%) 21 (20%) 

30-39 150 (25%) 149 (24%) 23 (22%) 

40+ 128 (21%) 145 (23%) 32 (30%) 

Race/Ethnicity    

NH White 191 (32%) 216 (35%) 26 (25%) 

NH Black 164 (28%) 134 (21%) 33 (25%) 

Hispanic 174 (29%) 187 (30%) 28 (29%) 

Other 66 (11%) 88 (14%) 18 (13%) 

HS/GED or less 95 (16%) 87 (14%) 28 (27%) 

Unemployed 227 (38%) 199 (32%) 51 (49%) 

HIV-positive or unknown 165 (28%) 151 (24%) 41 (39%) 

Table 3.6 Class prevalence, probability of item endorsement, and sociodemographic 

characteristics by class, NYCM2M (N=1325) 
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The low burden class seems to be largely driven by the experience of childhood physical abuse 

(0.29), lifetime experience of gay-related harassment/violence (0.33), high internalized 

homophobia (0.30) and smoking (0.40) but not significantly by any of the traditional risk factors, 

nor most of the expanded factors.  Further, there is no single syndemic factor that was endorsed 

by over 50% of the individuals in that class.108  The moderate burden class on the other hand, has 

a higher overall syndemic burden, driven by childhood physical abuse (0.58), gay-related 

harassment or violence (0.92), and intimate partner violence (0.33), and had a higher mean 

experience of sexual orientation-based discrimination.  The high burden class also had the 

smallest membership at 105 men.  It was discriminated by a higher proportion of men reporting 

childhood sexual abuse (0.43), childhood physical abuse (0.70), gay-related childhood physical 

abuse (0.30), gay-related harassment or violence (0.96), high internalized homophobia, (0.50), 

intimate partner violence (0.49), and experience of racism (0.53).  This class also had the highest 

mean level of lifetime experience of sexual orientation-based discrimination. 

Step two: Multilevel model building 

Accounting for clustering (by NTA) significantly improved model fit (table 3a, final set of 

parameters) across models.  Due to the complex and computationally intensive processing in 

multilevel LCA, only two- three- and four-class models were run at the multi-level stage.  Initial 

attempts to run the five- and six-class models did not successfully converge. This was done both 

as a concession to the computational constraints of the modeling process, but also because these 

were the only model candidates (based on fit indices and interpretability) identified at the 

individual-level.  Ideally, only the optimal model (here the three-class model) would be used as 

the basis for the MLCA; however, due to the underuse of this technique in the public health 

literature (and the resulting lack of statistical guidance)109 and the possibility that the addition of 
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upper-level factors could influence latent class assignment on the individual level,105 all three 

models were run and considered for each of the types of neighborhood-level factors (physical 

disorder, social disorganization, and neighborhood poverty).  Neighborhood (NTA) level factors 

were added to the models in conceptually related sets; first the MLCA was run using 

neighborhood poverty alone as a control variable,20,60 followed by MLCA with poverty & 

physical disorganization, poverty & social disorganization, and finally, poverty & both physical 

disorder and social disorganization factors.  Once neighborhood-level factors (beyond clustering) 

were added to the LCA, the three-class model remained the optimal model based on BIC, 

entropy, and the ALRT as shown in table 3b. 

The introduction of neighborhood-level poverty seemed to have the largest effect on latent class 

assignment, with the largest movement of participants from the low burden class to the moderate 

and high burden classes (table 6 and figure 3a below).  The direct effect of neighborhood poverty 

however, was not significant, that is for any single-unit increase in proportion of the population 

living in poverty, no direct effect on syndemic burden was observed.   
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Low burden class 

(N=446) 

Moderate burden 

class (N=695) 

High burden 

class (N=184) 

Class prevalence 33.66% 52.45% 13.89% 

Syndemic factors 

childhood sexual abuse 0.185 0.197 0.454 

childhood physical abuse 0.345 0.443 0.777 

gay-related childhood physical 

abuse 0.016 0.014 0.399 

intimate partner violence 0.155 0.238 0.543 

racism 0.110 0.179 0.522 

gay-related harassment or 

violence 0.279 0.998 0.934 

depression 0.058 0.083 0.293 

Internalized homophobia 

(High/low) 0.348 0.253 0.533 

polydrug use (general) 0.164 0.256 0.261 

polydrug use (sex/party) 0.027 0.024 0.033 

tobacco 0.426 0.440 0.486 

Sociodemographic factors 

Age category    

18-24 130 (29%) 169 (24%) 42 (23%) 

25-29 117 (26%) 195 (28%) 45 (24%) 

30-39 108 (24%) 170 (24%) 44 (24%) 

40+ 91 (20%) 161 (23%) 53 (23%) 

Race/Ethnicity    

NH White 117 (26%) 276 (40%) 40 (22%) 

NH Black 142 (32%) 131 (19%) 58 (31%) 

Hispanic 138 (31%) 195 (28%) 56 (30%) 

Other 49 (11%) 93 (13%) 30 (16%) 

HS/GED or less 91 (20%) 67 (10%) 52 (28%) 

Unemployed 192 (43%) 195 (28%) 90 (49%) 

HIV-positive or unknown 138 (31%) 138 (20%) 81 (44%) 

Direct effect of neighborhood-

level poverty on the overall 

model  P = 0.383 

Table 3.7 Class prevalence, probability of item endorsement, and sociodemographics per class, 

controlling for NTA poverty, NYCM2M (N=1325) 
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Figure 3.3a 3-class model, incorporating NTA poverty only NYCM2M (N=1325) 

 

The incorporation of neighborhood-level measures of physical disorder into the multilevel model 

continued to improve model fit (table 7 and figure 3b), but again, there was no direct effect on 

syndemic burden.  There was also little movement of participants between classes following the 

addition of physical disorder variables.  
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low burden class 

(N=445) 

moderate burden 

class (N=694) 

high burden 

class (N=186) 

Class prevalence 33.6% 52.4% 14.0% 

Syndemic factors 

childhood sexual abuse 0.193 0.196 0.459 

childhood physical abuse 0.344 0.442 0.78 

gay-related childhood physical 

abuse 0.016 0.016 0.387 

intimate partner violence 0.155 0.238 0.543 

racism 0.11 0.179 0.516 

gay-related harassment or 

violence 0.255 0.997 0.935 

depression 0.058 0.084 0.29 

Internalized homophobia 

(High/low) 0.346 0.251 0.543 

polydrug use (general) 0.164 0.256 0.258 

polydrug use (sex/party) 0.027 0.023 0.038 

tobacco 0.425 0.437 0.5 

Sociodemographic factors 

Age category    

18-24 130 (29%) 168 (24%) 43 (23%) 

25-29 117 (26%) 195 (28%) 45 (24%) 

30-39 108 (24%) 170 (24%) 44 (24%) 

40+ 90 (20%) 161 (23%) 54 (29%) 

Race/Ethnicity    

NH White 117 (26%) 276 (40%) 40 (21%) 

NH Black 141 (32%) 131 (19%) 59 (32%) 

Hispanic 138 (31%) 194 (28%) 57 (31%) 

Other 49 (11%) 93 (13%) 30 (16%) 

HS/GED or less 90 (20%) 66 (10%) 54 (29%) 

Unemployed 191 (43%) 193 (28%) 93 (50%) 

HIV-positive or unknown 137 (31%) 137 (20%) 83 (45%) 

Direct effect of neighborhood-

level poverty on the overall 

model  P = 0.383 
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Direct effect of neighborhood-

level broken/boarded up 

windows on the overall model  P = 0.731 

Direct effect of neighborhood-

level dilapidated/deteriorated 

buildings on the overall model  P = 0.348 

Table 3.8. Class prevalence, probability of item endorsement, and sociodemographics per class, 

controlling for NTA poverty & measures of physical disorder, NYCM2M (N=1325) 

Graphically: 

 

Figure 3.3b 3-class model, incorporating NTA poverty & physical disorder NYCM2M (N=1325) 

 

The incorporation of neighborhood-level measures of social disorganization into the multilevel 

model also improved model fit (tables 3b and 8 and figure 3c) over the individual-level only and 
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the individual-level controlling only for clustering, but again, there was no direct effect on 

syndemic burden.  Once again, there was also little movement of participants between following 

the addition of measures of social disorganization.  

 

Low burden 

(N=446) 

Moderate burden 

(N=697) 

High burden 

(N=182) 

Class prevalence 33.7% 52.6% 13.7% 

Syndemic factors 

Childhood sexual abuse 0.195 0.198 0.453 

Childhood physical abuse 0.345 0.445 0.775 

Gay-related childhood physical 

abuse 0.016 0.016 0.398 

Intimate partner violence 0.155 0.241 0.539 

Racism 0.11 0.178 0.522 

Gay-related harassment or 

violence 0.265 0.998 0.934 

Depression 0.058 0.082 0.302 

Internalized homophobia 

(High/low) 0.348 0.254 0.533 

Polydrug use (general) 0.164 0.258 0.253 

Polydrug use (sex/party) 0.027 0.024 0.033 

Tobacco 0.426 0.439 0.489 

Sociodemographic factors    

Age category    

18-24 130 (29%) 168 (24%) 43 (24%) 

25-29 117 (26%) 196 (28%) 44 (24%) 

30-39 108 (24%) 171 (24%) 43 (24%) 

40+ 91 (20%) 162 (23%) 52 (28%) 

Race/Ethnicity    

NH White 117 (26%) 276 (40%) 40 (22%) 

NH Black 142 (32%) 132 (19%) 57 (31%) 

Hispanic 138 (31%) 196 (28%) 55 (30%) 

Other 49 (11%) 93 (13%) 30 (17%) 

HS/GED or less 91 (20%) 67 (10%) 52 (29%) 

Unemployed 192 (43%) 195 (28%) 90 (49%) 

HIV-positive or unknown 138 (31%) 138 (20%) 81 (45%) 
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Direct effect of neighborhood-

level poverty on the overall 

model  P = 0.428 

Direct effect of neighborhood-

level ethnic heterogeneity on 

the overall model  P = 0.180 

Direct effect of neighborhood-

level unemployment on the 

overall model  P = 0.410 

Direct effect of neighborhood-

level residential mobility on the 

overall model  P = 0.330 

Direct effect of neighborhood-

level education (HS/GED or 

more) on the overall model  P = 0.613 

Direct effect of neighborhood-

level proportion of vacant 

housing units on the overall 

model P = 0.905 

Table 3.9. Class prevalence, probability of item endorsement, and sociodemographics per class, 

controlling for NTA poverty & measures of social disorganization, NYCM2M (N=1325) 
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Figure 3.3c 3-class model, incorporating NTA poverty & social disorganization, NYCM2M 

(N=1325) 

Finally, combining all the neighborhood-level domains (poverty, physical disorder, and social 

disorganization) did improve model fit over both the individual-level modeling and the modeling 

that accounted only for clustering (table 3a), but again, there was little evidence of direct effect 

nor was there much movement between classes.   
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Moderate burden 

(N=696) 

High burden 

(N=183) 

Class prevalence 33.7% 52.5% 13.8% 

childhood sexual abuse 0.195 0.196 0.462 

childhood physical abuse 0.345 0.444 0.776 
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gay-related childhood physical 

abuse 0.016 0.017 0.388 

intimate partner violence 0.155 0.242 0.536 

racism 0.11 0.18 0.514 

gay-related harassment or violence 0.002 0.997 0.934 

depression 0.058 0.082 0.301 

Internalized homophobia 

(High/low) 0.348 0.251 0.541 

polydrug use (general) 0.164 0.259 0.251 

polydrug use (sex/party) 0.027 0.023 0.038 

tobacco 0.426 0.44 0.486 

Sociodemographic factors    

Age category    

18-24 130 (29%) 168 (24%) 43 (23%) 

25-29 117 (26%) 196 (28%) 44 (24%) 

30-39 108 (24%) 171 (25%) 43 (24%) 

40+ 91 (20%) 161 (23%) 53 (29%) 

Race/Ethnicity    

NH White 117 (26%) 276 (40%) 40 (22%) 

NH Black 142 (32%) 132 (19%) 57 (31%) 

Hispanic 138 (31%) 195 (28%) 56 (31%) 

Other 49 (11%) 93 (13%) 30 (17%) 

HS/GED or less 91 (20%) 66 (10%) 53 (29%) 

Unemployed 192 (43%) 193 (28%) 92 (49%) 

HIV-positive or unknown 138 (31%) 137 (20%) 82 (45%) 

Direct effect of neighborhood-level 

poverty on the overall model  P = 0.460 

Direct effect of neighborhood-level 

broken/boarded up windows on the 

overall model  P = 0.712 

Direct effect of neighborhood-level 

dilapidated/deteriorated buildings 

on the overall model  P = 0.139 

Direct effect of neighborhood-level 

ethnic heterogeneity on the overall 

model  P = 0.129 

Direct effect of neighborhood-level 

unemployment on the overall 

model  P = 0.441 
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Direct effect of neighborhood-level 

residential mobility on the overall 

model  P = 0.170 

Direct effect of neighborhood-level 

education (HS/GED or more) on 

the overall model  P = 0.760 

Direct effect of neighborhood-level 

proportion of vacant housing units 

on the overall model P = 0.712 

Table 3.10 Class prevalence, probability of item endorsement, and sociodemographics per class, 

controlling for all three NTA domains, NYCM2M (N=1325) 

 

Graphically: 

 

Figure 3.3d 3-class model, incorporating all NTA domains, NYCM2M (N=1325) 
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Given the lack of direct effect of the neighborhood-level measures on the syndemic factor, the 

potential association between neighborhood-level measures of physical disorder and social 

disorganization and the HIV-related sexual risk behavior outcomes was investigated.  As shown 

in table 11, there was a single statistically significant association between a neighborhood-level 

factor and a sexual risk behavior; men who reported engaging in transactional sex lived in 

neighborhoods with higher mean residential stability, defined as the proportion of the population 

who lived at the same address for at least the past year.   

Table 3.11. Association of neighborhood-level factors and HIV-related sexual risk behavior 

outcomes, NYCM2M (N=1325) 

 Five or more male anal sex partners 

 No Yes Test statistic & p-

value 

Poverty, Mean (SD) 0.225 (0.095) 0.224 (0.095) T (1323) = 0.200 

P = 0.842 

Broken/boarded up windows, 

Mean (SD) 

0.039 (0.031) 0.040 (0.032) T (1323) = -0.568 

P = 0.570 

Deteriorated/dilapidated 

buildings, Mean (SD) 

0.053 (0.041) 0.049 (0.041) T (1323) = 1.144 

P = 0.253 

Residential stability, Mean (SD) 0.851 (0.057) 0.852 (0.052) T (1323) = -0.065 

P = 0.948 

Ethnic heterogeneity, Mean (SD) 0.367 (0.130) 0.369 (0.129) T (1323) = -0.131 

P = 0.896 

Educational achievement, Mean 

(SD) 

0.785 (0.114) 0.787 (0.115) T (1323) = -0.307 

P = 0.759 

Unemployment, Mean (SD) 0.073 (0.022) 0.074 (0.023) T (1323) = -0.933 

P = 0.350 

Vacant housing, Mean (SD) 0.101 (0.047) 0.105 (0.048) T (1323) = -1.374 

P = 0.170 

 Serodiscordant condomless anal sex 

 No Yes Test statistic & p-

value 

Poverty, Mean (SD) 0.224 (0.096) 0.227 (0.089) T (1323) = 0.181 

P = 0.856 

Broken/boarded up windows, 

Mean (SD) 

0.039 (0.031) 0.038 (0.032) T (1323) = 0.437 

P = 0.662 

Deteriorated/dilapidated 

buildings, Mean (SD) 

0.052 (0.046) 0.051 (0.045) T (1323) = 0.347 

P = 0.729 

Residential stability, Mean (SD) 0.850 (0.057) 0.855 (0.055) T (1323) = -1.138 
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P = 0.255 

Ethnic heterogeneity, Mean (SD) 0.371 (0.128) 0.369 (0.128) T (1323) = 0.203 

P = 0.839 

Educational achievement, Mean 

(SD) 

0.788 (0.115) 0.784 (0.110) T (1323) = 0.405 

P = 0.685 

Unemployment, Mean (SD) 0.073 (0.022) 0.073 (0.022) T (1323) = -0.698 

P = 0.488 

Vacant housing, Mean (SD) 0.103 (0.048) 0.100 (0.047) T (1323) = 0.712 

P = 0.476 

 Transactional sex 

 No Yes Test statistic & p-

value 

Poverty, Mean (SD) 0.224 (0.095) 0.235 (0.089) T (1323) = 0.181 

P = 0.856 

Broken/boarded up windows, 

Mean (SD) 

0.039 (0.032) 0.039 (0.033) T (1323) = -0.122 

P = 0.903 

Deteriorated/dilapidated 

buildings, Mean (SD) 

0.052 (0.046) 0.051 (0.050) T (1323) = 0.232 

P = 0.817 

Residential stability, Mean (SD) 0.850 (0.057) 0.863 (0.057) T (1323) = -2.271 

P = 0.024 

Ethnic heterogeneity, Mean (SD) 0.367 (0.130) 0.379 (0.132) T (1323) = -0.896 

P = 0.370 

Educational achievement, Mean 

(SD) 

0.786 (0.115) 0.779 (0.111) T (1323) = 0.660 

P = 0.509 

Unemployment, Mean (SD) 0.073 (0.022) 0.074 (0.024) T (1323) = -0.582 

P = 0.561 

Vacant housing, Mean (SD) 0.102 (0.047) 0.103 (0.047) T (1323) = -0.155 

P = 0.877 

 

Regression of the HIV-related sexual risk behaviors by the classes determined in the LCA 

Given the importance of HIV-related sexual risk behaviors in this population, understanding how 

(and if) the syndemic classes (with the incorporation of neighborhood-level factors) are 

associated with the HIV-related sexual risk behavior outcomes is an important question to ask.   

As shown in table 10 below, individual-level class assignment was associated with a number of 

recent (past three-month) HIV-related sexual risk behaviors.  Assignment to the either the 

moderate or high burden classes was associated with increased odds of reporting five or more 
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male anal sex partners, but once the model incorporated sociodemographic factors, the 

significance was lost for both classes.  Similar to previous work (chapter 2, individual-level 

LCA) having at least one serodiscordant male anal sex partner was not associated with any class 

assignment regardless of adjustment for sociodemographic factors.  The odds of engaging in 

transactional sex did increase by syndemic burden class, with both the moderate and high burden 

classes experiencing higher odds of engaging in transactional sex relative to the reference (low 

burden class) in unadjusted logistic regression; the associations were slightly attenuated when 

controlling for sociodemographic characteristics but remained significant for both elevated 

burden classes.   

Table 3.12 Logistic Regression of HIV-related sexual risk behaviors on individual-level latent 

class, NYCM2M (N=1325) 

 5 or more male anal sex 

partners in the past 3 

months 

At least one 

serodiscordant anal sex 

partner in the past 3 

months 

Engaging in transactional 

sex in the past 3 months 

 OR (95% 

CI) 

aOR  

(95% CI)a 

OR (95% 

CI) 

aOR  

(95% CI)a 

OR (95% 

CI) 

aOR  

(95% CI)a 

Low 

burden 

class 

(N=595) 

Reference Reference Reference Reference Reference Reference 

Moderate 

burden 

class 

(N=625) 

1.59  

(1.01, 2.49) 

1.13  

(0.88, 1.45) 

1.05  

(0.79, 1.39) 

1.04  

(0.79, 1.38) 

1.74 

(1.10, 2.75) 

 

1.59  

(1.01, 2.49) 

High 

burden 

class 

(N=109) 

2.78  

(1.42, 5.23) 

1.12 

(0.72, 1.75) 

0.94  

(0.56, 1.58) 

0.92  

(0.54, 1.57) 

2.73  

(1.42, 5.23) 

2.53  

(1.31, 4.91) 

aControlling for age, race, education, employment, and self-reported HIV status 
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Adding in the neighborhood-level factors (table 13 below) to the latent class modeling and 

running the regressions once again resulted in a loss of significance for all outcomes except for 

engaging in transactional sex among those in the highest burden class. 

Table 3.13 Logistic Regression of HIV-related sexual risk behaviors on multilevel latent class, 

NYCM2M (N=1325) 

 5 or more male anal sex 

partners in the past 3 

months 

At least one 

serodiscordant anal sex 

partner in the past 3 

months 

Engaging in transactional 

sex in the past 3 months 

 OR (95% 

CI) 

aOR  

(95% CI)a 

OR (95% 

CI) 

aOR  

(95% CI)a 

OR (95% 

CI) 

aOR  

(95% CI)a 

Low 

burden 

class 

(N=446) 

Reference Reference Reference Reference Reference Reference 

Moderate 

burden 

class 

(N=696) 

0.84  

(0.65, 1.09) 

0.85  

(0.65, 1.11) 

1.03  

(0.77, 1.39) 

1.03  

(0.76, 1.40) 

0.76  

(0.47, 1.23) 

0.89 

(0.55, 1.46) 

High 

burden 

class 

(N=183) 

1.37  

(0.96, 1.96) 

1.28 

(0.88, 1.84) 

1.11  

(0.73, 1.70) 

1.09  

(0.71, 1.67) 

2.26  

(1.32, 3.86) 

2.22  

(1.28, 3.83) 

aControlling for age, race, education, employment, and self-reported HIV status 

 

Discussion 

Overall this continued exploration of syndemic burden and HIV-related sexual risk behavior 

outcomes in a large, racially, and socioeconomically diverse population of gay, bisexual, and 

other men who have sex with men residing in a large urban area accomplished several goals.  

First, like other syndemics studies among MSM, this analysis showed that the traditional four 

syndemic factors (depression, intimate partner violence, polydrug use and childhood sexual 

abuse) were associated with each other. These results are consistent with the current syndemic 
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literature among MSM.11,12,110 Second, it incorporated other potential syndemic factors, based on 

both the literature and statistical criteria.  Third, using the combination of new and traditional 

syndemic factors, a latent class model was developed to explore any heterogeneity in the 

distribution of syndemic factors and whether that heterogeneity contributed to different HIV-

related sexual risk behavior profiles.  Finally, upper-level social conditions (neighborhood 

poverty, physical disorder, and social disorganization factors) were incorporated into the 

individual-level syndemic burden model and the HIV-related sexual risk behavior outcomes 

were regressed on the multilevel syndemic burden classes.  To the best of our knowledge, we are 

the first group to incorporate multilevel latent class modeling into the syndemic framework, the 

second group to incorporate multilevel latent class modeling into analyses of HIV vulnerability 

overall, and one of a handful of studies to explicitly incorporate upper-level factors into the 

syndemic framework, the most current definition of which reads “a set of enmeshed and 

mutually enhancing health problems that, working together in a context of deleterious social and 

physical conditions that increase vulnerability, significantly affect the overall disease status of a 

population.”7 

Incorporating neighborhood-level effects did improve model fit of the overall LCA above and 

beyond simply controlling for clustering.  This can be seen by comparing the fit indices 

presented in the final modeling section of table 4a (individual level syndemic factors including 

covariates and clustering) and the modeling sections in table 4b.  The entropy, which can be 

thought of as a measure of how well the model was able to separate classes, increased from 

0.814 (3-class, clustering and covariates, individual-level only) to 0.899, 0.900, 0.844, and 0.886, 

and when including neighborhood-level poverty, poverty and physical disorder, poverty and 

social disorganization, and poverty, physical disorder, and social disorganization together, 
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respectively.  Further, when neighborhood-level poverty was included in the modeling process, 

there was a significant movement of individuals between classes.  These results suggest that 

these factors may indeed be important, even if the individual factors themselves were not 

significantly associated with class assignment (except for poverty).  Given the relative absence of 

upper-level factors in the syndemics literature among MSM, 107,111,112 it is difficult to situate this 

study within the larger literature.  Poverty above the level of the individual is not often 

considered among MSM,20,112,113 and incorporating neighborhood-level poverty did make a 

significant change to the latent class modeling.  While neighborhood-level poverty was not 

directly associated with HIV-related sexual risk behaviors in the NYCM2M study (table 11), the 

movement of more than 100 people into different syndemic burden classes and the associated 

improvements in model fit (table 3b) suggest that this may be an important measure to 

incorporate into analyses going forward.  That living in an area with higher level of poverty may 

increase susceptibility to poor outcomes is in line with other studies.  Similarly, Gant et al (2012) 

found an association between increasing county-level poverty and HIV diagnosis rates across 40 

states.37   While this analysis did not explicitly incorporate HIV diagnoses across New York City 

NTAs, there was no association between NTA-level poverty and HIV-related sexual risk 

behavior outcomes.  Dale et al. (2015) found that HIV-positive African-American MSM who 

lived in Los Angeles neighborhoods with higher levels of poverty reported higher numbers of 

discriminatory events attributed to both race and sexual identity and gay-related hate crimes.114 

Since this analysis did not incorporate factors directly related to hate crimes attributable to either 

race or sexual identity, it is unclear how the New York City experience would compare to that of 

Los Angeles.   
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The lack of association between proportion of vacant housing units in an NTA and HIV-related 

sexual risk behaviors does not support prior research.  In a study of young men who have sex 

with men (YMSM) in Chicago, Philips et al found an association between housing vacancy and 

HIV prevalence.115  It is possible that the larger age distribution of participants in the NYCM2M 

study diluted an effect that may be present and important among younger men.  Similarly, in a 

study of YMSM in the Detroit metro area, increasing neighborhood-level poverty was associated 

with lower odds of serodiscordant condomless anal sex.  In the NYCM2M study, there was no 

direct association between neighborhood-level poverty and the same outcome. Like Philips’ 

study in Chicago, these relationships could be unique to YMSM, and the NYCM2M study 

cannot detect such differences in a broader aged sample. 

Similar to other work that has come out of the NYCM2M study,60 this analysis found no support 

for social disorganization factors as important predictors of HIV-related sexual risk behaviors, 

but unlike Frye et al., this study also found no support for the importance of measures of 

neighborhood physical disorder on HIV-related sexual risk behaviors.   There are several reasons 

for these discordant findings.  First, Frye et al, recognizing the high level of racial segregation in 

New York City neighborhoods,116 stratified the NYCM2M sample by race and ran multilevel 

models isolating the direct neighborhood-level effects (while holding the individual level 

constant) of broken/boarded up windows on HIV-related sexual risk behaviors among Black 

MSM but found no corresponding association among White MSM.  This analysis did not stratify 

by race and it did not exclude MSM who identified as something other than non-Hispanic Black 

or non-Hispanic White.  In failing to stratify, it is possible that the differences were simply not 

detectable.  Further, the focus of this analysis was not the isolation of neighborhood-level 
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influences on sexual risk behaviors, but the neighborhood-level influences on individual-level 

syndemic burden.  

This analysis has both strengths and limitations.  It was based on a large, diverse sample of MSM 

living in a large urban area.  Participants were recruited from multiple neighborhoods and were 

not recruited on a risk factor, which helped the sample to reflect MSM living in New York City.  

Latent class analysis is a flexible modeling strategy and the multiple levels of influence 

(individual-level and neighborhood-level) were incorporated.  However, the analysis was 

exploratory in nature and must be replicated and tested against other latent variable methods and 

in other samples.  Although these analyses were conducted in a large sample, the prevalence for 

several syndemic indicators were low, which may have contributed to the moderate class 

separation (defined as lower entropy values) seen in the latent class modeling.  The restriction of 

the analytic sample to men who lived in the NTAs represented by five or more participants in the 

NYCM2M study severely limits the generalizability of the results.  Further, although 

neighborhood differences in physical disorder and social disorganization were incorporated into 

the modeling process, it is possible that the distribution and shape of these variables were not 

ideal.  The results presented here used neighborhood-level factors as continuous measures, and it 

is possible that this is just too small a change to be detected.  These same factors were also 

incorporated into the modeling strategy as standardized variables with the unit of difference 

being a standard deviation (results not shown), but these results were similar.  It is possible 

however, that some other formulation (median, or 75th percentile) would yield meaningfully 

different results, but the literature remains equivocal as to how best to analyze neighborhood-

level effects.117,118  The data collection was cross-sectional in nature, and cannot be used to 

answer questions of temporality, nor can it be used for questions of causal inference.  All data 



 

153 
 

1
5

3
 

used in these analyses, including HIV-status, were based on self-report which could be 

susceptible to recall bias and inaccurate reporting of risk behaviors due to a fear of judgment.  To 

minimize these concerns, short recall periods (past six months or three months) were used, and 

the survey was delivered using ACASI technology to maximize privacy.  Previous research has 

shown this kind of technology to yield high quality information about HIV-related risk 

behaviors.119 

Conclusions 

This analysis contributes to the literature in several ways. Once again, it incorporates new 

syndemic factors in addition to those traditionally used among MSM, which may better represent 

syndemic burden as the face of HIV has shifted in New York City to young men of color, a 

population not often captured in syndemic research.  Further, the addition of upper level factors, 

conceptualized as neighborhood-level poverty, and measures of physical disorder and social 

disorganization incorporated the final clause of the syndemic framework, something rarely done 

in this population.  Although the neighborhood-level measures themselves did not yield 

significant results, they remain important indicators to help discriminate individual-level 

syndemic burden among urban gay, bisexual, and other men who have sex with men. Our results 

suggest that neighborhood-level poverty may be an important driver of syndemic burden in this 

population, but that theoretical conceptualizations of the impact of physical disorder and social 

disorganization may not be appropriate for MSM and that innovative theories must be developed 

to explore how or if these factors contribute to syndemic burden or HIV-related risk behaviors in 

this population. 
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Conclusions 

Understanding the contexts and experiences that increase vulnerability to HIV among gay, 

bisexual, and other men who have sex with men (MSM) remains an important public health and 

research goal.  The syndemics framework has been used to try to understand these very 

experiences, but gaps in knowledge remain.  First, the syndemics literature among MSM, 

although robust, relies heavily on a small number of individual-level risk factors, despite the 

growing body of HIV-risk related variables that have more recently been identified, such as the 

incarceration, homelessness, experience of racism, discrimination based on sexual-orientation, 

and internalized homophobia.  Second, the synergy implicit in this framework has been largely 

ignored among MSM.  Finally, the larger social and physical contexts within which MSM live 

and experience these negative factors has been largely ignored.  This dissertation sought to 

contribute to the literature on all three of these fronts. 

  The systematic review conducted in chapter 1 constitutes the basis for the analytic aims that 

follow.  Following the PRISMA guidelines, a systemic search of the public health literature was 

conducted to identify all the studies peer-reviewed literature of syndemic burden among MSM.  

This review served several purposes.  First, there is no such review in publication, and given the 

popularity of the syndemics framework, having a single document that summarizes this literature 

is an important contribution.  Second, the review identified which factors have been considered 

part of syndemic burden, how these factors were conceptualized and measured, and their 

association with HIV-related sexual risk behaviors.   

Based on the results of the systematic review, identified syndemic factors that were available in 

the NYCM2M data set were combined with the traditional syndemic burden and the resulting 

syndemic factor was examined in several ways.  An expanded syndemic tally was created and 
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tested against the traditional tally.  These factors were also incorporated into a latent class 

modeling system to examine any heterogeneity that may have been hidden using the syndemic 

tally.  The biological synergy inherent in the syndemics framework was then investigated 

through the calculation of AP by regressing the sexual risk behavior outcomes on pairs of 

syndemic factors.   

In the third and final aim, the final clause of the syndemics definition was explored.  Using 

multilevel latent class analysis (MLCA), neighborhood-level measures of physical disorder, 

social disorganization, and neighborhood poverty were added to the individual-level latent class 

analysis of syndemic burden in conceptually related sets.   

The systematic review yielded 35 studies, 31 of which focused on HIV-status, incidence, or 

HIV-related sexual risk behaviors.  The remaining four focused on adherence-related measures 

such as viral load, and medication adherence among HIV-positive MSM.  These four papers 

represent a nascent literature using syndemic burden in this way.  The review also identified 

multiple new potential syndemic factors, including marginalization, childhood physical abuse, 

racism, homophobia, homelessness, and cigarette smoking. All identified factors that had 

measures in the NYCM2M data were examined for potential addition into the syndemic burden 

models.  Nine additional factors were identified and added to the syndemic burden model, with 

mixed success.  Factors such as cigarette smoking, were associated with multiple other syndemic 

factors, but when examined more closely, did not seem to add much substantive information.  

This can be most easily seen by examining the individual-level LCA results.  In each model, the 

classes had roughly equal proportions of cigarette smokers, suggesting that this was not a 

discriminating factor to be considered, and that future work should use this variable with caution 

– it may contribute to model complexity but may not contribute to understanding of syndemic 



 

162 
 

1
6

2
 

burden.  The AP calculations, possibly the first in the published syndemics literature among 

MSM, yielded interesting results and results, which if replicated, may help inform both future 

interventions and public health officials concerned with resource allocation.  

Finally, the multilevel aim lent some support to the importance of this part of the syndemics 

framework.  Incorporating the neighborhood-level factors did improve the fit of the latent class 

modeling over the individual-level factors alone, and the individual-level factors accounting for 

the clustering of individuals within neighborhoods.  The movement of participants between the 

classes once neighborhood poverty was incorporated suggests that neighborhood-level poverty 

may be one of the “deleterious social and physical” contexts that conspire with individual-level 

health conditions and experiences to increase vulnerability to HIV among urban MSM. 

Like all studies, this work has strengths and limitations.  It was based on a large, diverse sample 

of MSM living in a large urban area.  Participants were recruited from multiple neighborhoods 

and were not recruited on a risk factor, which helped the sample to reflect MSM living in New 

York City.  The NYCM2M study collected rich and detailed data that incorporated experiences 

across the life course and in terms of geography, and used private computer-assisted-self-

interview (ACASI) technology to help increase privacy and decrease concerns about social 

desirability or fear of being judged.  Latent class analysis is a flexible modeling strategy and the 

multiple levels of influence (individual-level and neighborhood-level) were incorporated.  

However, all measures used in these analyses were based in self-report, and even with the use of 

ACASI and short recall periods we cannot rule out misreporting due to fear of judgment or poor 

recall.  Finally, the analysis here is cross-sectional in nature, and we cannot make any causal 

statements due to the lack of temporality. 
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Appendix A: Systematic Literature Review Full Study Design Table 
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Study Study 

Design 

Study 

Location

s & 

Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

HIV Transmission or Acquisition Risk Behaviors 

Biello et al. 

(2014) 

Cross-

sectional 

Ho Chi 

Minh 

City, 

Vietnam 

 

2010 

300 MSM who 

exchanged sex for 

money/goods in 

the previous 

month 

 

 

 

Mean age (SD): 

22.3 (5), 85% < 25 

years old; 

82% had a high 

school education 

or less;  

59% reported 

being only or 

primarily sexually 

attracted to men 

1) Probable 

depression (CES-D 

10 item, ≥10) 

2) Positive screen 

for alcohol 

dependence 

(AUDIT ≥8) 

3) Any illicit drug 

use (heroin, opium, 

ecstasy, 

methamphetamine) 

in the past month 

4) history of forced 

sex during 

childhood 

5) history of forced 

sex during 

adulthood 

Tally (0-5) 

and ordinal 

variable 

truncated at 

≥4 

 

 

1) CAI with a 

commercial 

partner 

2) CAI with a 

non-

commercial 

partner 

Not tested 1) With syndemic 

score as a 

continuous 

measure: 

For the total 

number of 

syndemic 

conditions, the 

odds of engaging 

in commercial 

CAI increased 

(aOR=1.28 (1.09, 

1.68)) but did not 

increase for non-

commercial CAI 

(aOR=1.28 (0.98-

1.69); 

2) Syndemic 

exposure treated 

like an ordinal 

variable: 

Having 4 or 5 

syndemic 

conditions (vs 

none) was 

associated with an 

aOR = 4.71 (1.49-

14.86) for 

commercial CAI 

and for any 

partner type aOR 

= 3.78 (1.28-
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12.86); but not 

significantly 

associated with 

CAI with non-

commercial 

partners (aOR = 

3.23 (0.79-13.16) 

Study Study 

Design 

Study 

Location

s & 

Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Chakrapani 

et al., 2015 

Cross-

sectional 

India, 

2011-

2012 

600;  300 MSM and 300 

Transgender 

women  

 

MSM only: 

 

Mean age: 30 

(8.4) 

 

HIV-positive: 

10% 

 

Education beyond 

high school: 17% 

1) Depression 

(BDI, 6 items, >7 

considered 

moderate/severe 

depression); 

 

2) Frequent 

alcohol use 

(drinking more 

than once a week 

for the past 3 

months); 

 

3) Victimization 

(at least one of the 

following: being 

beaten up/hit by 

anyone, physical 

harassment by 

police, and/or 

sexual harassment 

by the police) 

 

Potential 

moderating factors: 

 

Tally (0-3) Any CAI in the 

past month 

Syndemic 

factors were 

regressed on 

each other 

Bivariate: 

 

1) Depression was 

associated with 

CAI (OR=2.23, 

95% CI: 1.26-

3.95) 

 

2) HIV-positive 

status associated 

with CAI 

(OR=0.02, 95% 

CI: 0.07-0.63) 

 

Tally: 

 

Relative to 0 

conditions: 

 

Experiencing 2 

conditions was 

associated with 

CAI (aOR=3.10, 

95% CI: 1.45-

6.61) 

Experiencing 3 

conditions was 
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1) Social support 

(no description 

given) 

 

2) Resilient coping 

(no description 

given) 

associated with 

CAI (aOR=7.42, 

95% CI: 2.07-

6.61) 

 

Moderation 

analysis: 

 

Once resilient 

coping and social 

support were 

added to the 

model, only 3 

conditions 

(relative to 0) was 

associated with 

CAI (aOR=4.86, 

95% CI: 1.26-

18.66) 

 

Resilient coping 

was associated 

with CAI 

(aOR=0.33, 95% 

CI: 0.15-0.55) 

 

Social support was 

not associated 

with CAI 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Dyer et al. 

2012 

Cross-

sectional 

USA, 

2008-

2009 

301 Black MSM in the 

MACS 

 

 

 

Mean age (SD): 

34.9 (9); 

56% completed 

university or more;  

70% HIV-positive; 

 

1) Probable 

depression (CES-D 

20-item, ≥ 16); 

2) Sexual 

compulsivity 

(CSBI 10-item, 

dichotomized at 

median); 

3) Substance use – 

weekly use of 

illicit drugs, any 

polydrug use (2+ 

drugs) or any binge 

drinking (6+ drinks 

during a drinking 

occasion) in the 

past 6 months; 

4) IPV, past 5 

years; 

5) Stress, past 12 

months 

  

Total number 

of syndemic 

conditions (0-

5), used as 

both a 

continuous 

variable 

(tally) and an 

ordinal 

variable 

truncated at 

≥3 

 

 

Any CAI in the 

past 6 months 

Syndemic 

factors were 

regressed on 

each other 

An increasing 

number of 

syndemic 

conditions was 

associated with an 

increase in odds of 

CAI (OR = 1.33, 

95% CI: 1.1-1.6) 

Having 3+ 

syndemic 

conditions was 

associated with 

increased odds of 

CAI: (OR = 3.46, 

95% CI: 1.4-8.3) 

  



 

 
 

1
6

9
 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Ferlatte et 

al. 

2014 

Cross-

sectional 

 

Canada 

2009-

2010 

7908 MSM ages 20-30 

 

 

 

Mean age: 25.7;  

75% White, 82% 

some 

college/university 

of more; 

Markers of 

marginalization 

(lifetime): 

1) Homophobic 

verbal harassment; 

2) Homophobic 

physical violence; 

3) Forced Sex; 

4) Career 

Discrimination; 

5) Suicidality 

 

Psychosocial 

factors (lifetime): 

1) Emotional 

distress; 

2) Social Isolation; 

3) Excessive 

substance use;  

4) Depression for 

which counseling 

was sought; 

5) Any other 

mental health 

condition for 

which counseling 

was sought 

Marginalizati

on factors: 

 

Cumulative 

count (tally) 

of 

marginalizatio

n factors, 

truncated at 

≥3 (0, 1, 2, 

3+) 

 

Psychosocial: 

 

 Cumulative 

count (tally) 

of 

psychosocial 

factors, 

truncated at 

≥3 (0, 1, 2, 

3+) 

 

CAI-US in the 

past 12 months 

Yes, 

psychosocial 

factors were 

regressed on 

each other 

Association of 

marginalization 

and CAI-US: 

 

Relative to zero 

marginalization 

conditions: 

1 condition: (aOR 

= 1.45, 95% CI: 

1.04-2.03); 

2 conditions: 

(aOR = 1.7, 95% 

CI: 1.19-2.44) 

3+ conditions: 

(aOR = 1.95, 95% 

CI: 1.38-2.75) 

 

Association of 

psychosocial 

factors and CAI-

US: 

Relative to zero 

psychosocial 

factors: 

1 condition: ns; 

2 conditions: 

(aOR = 1.49, 95% 

CI: 1.05-2.13) 

3+ conditions: 

(aOR = 1.95, 95% 

CI: 1.39-2.75) 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Friedman 

et al. 

2014 

Cross-

sectional 

 

USA 

2008-

2010 

515 

 

 

MSM (n=420) and 

MSMW (n=85), 

ages 18-55 who 

reported at least 1 

non-monogamous 

male anal sex 

partner (past 90 

days) and met 

substance use 

eligibility criteria 

 

 

 

Mean age: 

MSM – 39.2 (0.5) 

MSMW – 37.5 

(1.1) 

Hispanic: 

MSM – 27% 

MSMW – 22% 

 

Education (HS or 

Less): 

MSM – 29% 

MSMW – 67% 

 

1) Homelessness, 

past year;  

2) Violence 

victimization, past 

year; 

3) Severe 

depression (DSS-9, 

≥ 9); 

4)Sexual sensation 

seeking (10 items; 

≥24) 

 

Total number 

of syndemic 

conditions (0-

4), 

dichotomized 

to (0-1 vs 2+ 

syndemic 

conditions) 

 

Syndemic 

analysis 

conducted 

only among 

85 MSMW 

 

 

SDUAI with at 

least one male 

sex partner in 

the prior 3 

months 

Not tested Among MSMW, 

having 2+ 

syndemic 

conditions was not 

significantly 

associated with 

SDUAI  

  



 

 
 

1
7

1
 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Frye et al. 

2015 

Cross-

sectional 

USA 

2010-

2013 

1369 MSM residing in 

NYC 

 

 

 

Mean age (SD) 32 

(10.3) 

 

Race: 32% White,  

22% Black, 31% 

Hispanic 

 

Education: 49% 

had some college 

degree or more 

 

1) Experience of 

race-based 

discrimination 

 

2) Experience of 

sexual 

orientation-

based 

discrimination 

Composite (4-

level) variable: 

a) Experienced 

neither race- nor 

sexual 

orientation-

based 

discrimination; 

b) Experienced 

race- but not 

sexual 

orientation-

based 

discrimination; 

c) Did not 

experience race-

based sexual 

orientation but 

not sexual 

orientation-

based 

discrimination; 

d) Experienced 

both race and 

sexual 

orientation-

based 

discrimination; 

1) HIV 

acquisition risk 

(HIV-negative 

men reporting 

CRAI with a 

serodiscordant 

or unknown 

status partner) 

 

2) HIV 

transmission 

risk (HIV-

positive men 

reporting CIAI 

with a 

serodiscordant 

or unknown 

status partner) 

  

Bivariate 

analysis to 

create 

composite 

exposure 

variable 

Experiencing 

sexual orientation-

based 

discrimination was 

associated with 

HIV acquisition 

risk aOR=2.50 

(95% CI: 1.17-

5.35) 

 

No other exposure 

category was 

significant. 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Guadamuz 

et al. 

2014 

Longitud

inal  

Bangkok, 

Thailand 

2006-

2010 

1292 Thai MSM who 

reported having 

receptive oral or 

anal sex with a 

male sex partner in 

the past 6 months 

 

 

 

Mean age: 27 (6); 

University 

education: 43%; 

 

1) History of 

forced sex 

(lifetime); 

2) Social 

isolation; 

3) Suicidal 

thoughts or 

actions; 

4) Club drug use 

at least once in 

the past 4 

months; 

5) Alcohol 

intoxication 

(drunk at least 

2-3 times/week 

in the past 4 

months); 

6) Selling sex 

Cumulative 

count (tally) of 

psychosocial 

factors, 

truncated at ≥4 

(0, 1, 2, 3, 4-5) 

 

NB: Social 

isolation was not 

associated with 

the other 

psychosocial 

factors and was 

excluded 

 

1) Unprotected 

sex – 

condomless sex 

(at least once) 

with an anal or 

vaginal sex 

partner (steady, 

casual, or 

commercial 

male, female, 

or transgender) 

 

2) HIV 

prevalence 

 

3) HIV 

incidence 

Yes, 

psychosoci

al factors 

were 

regressed 

on each 

other 

1) Unprotected sex: 

Relative to zero 

syndemic 

conditions: 

1 condition: (aOR = 

1.40, 95% CI: 1.08-

1.80); 

2 conditions: (aOR 

= 1.48, 95% CI: 

1.07-2.05) 

3 conditions: (aOR 

= 2.26, 95% CI: 

1.35-3.78) 

4-5 conditions: 

(aOR = 1.92, 95% 

CI: 0.94-3.92) 

 

2) HIV positive: 

1 condition: (aOR = 

1.15, 95% CI: 0.84-

1.58); 

2 conditions: (aOR 

= 1.53, 95% CI: 

1.05-2.22) 

3 conditions: (aOR 

= 1.90, 95% CI: 

1.12-3.22) 

4-5 conditions: 

(aOR = 2.67, 95% 

CI: 1.32-5.40) 

 

3) Cumulative HIV 

incidence across 

follow-up period: 
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0 conditions: 15.3% 

1-3 conditions: 

23.7% 

4-5 conditions: 

33.2%  

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Halkitis et 

al. 2012 

Cross-

sectional 

USA 

2010-

2011 

199 Sexually active 

HIV-positive MSM 

ages 50 and older 

participating in 

Project Gold; 

 

 

 

Mean age: 55.5 

(4.5); 

Race:  47% Black 

Education: 53% 

had an associate’s 

degree or higher 

1) PTSD 

symptoms (10-item 

TATC, ≥6); 

2) Depression 

(BDI – 21 items, ≥ 

16); 

3) Drinking until 

intoxicated;  

4) Any use of 

marijuana;  

5) Any use of 

poppers; 

6) Any use of 

another illicit drug 

Cumulative 

count (tally) 

of 

psychosocial 

factors (0-6)  

1) CAI in the 

past 30 days 

with an HIV-

positive partner 

 

2) CAI in the 

past 30 days 

with an HIV-

negative or 

unknown status 

partner 

 

Yes, 

psychosoci

al factors 

were 

regressed 

on each 

other 

Number of 

syndemic factors 

was associated with 

CAI with an HIV-

positive partner 

(aOR = 1.38, 95% 

CI: 1.00-1.91) and 

was associated with 

CAI with an HIV-

negative or 

unknown status 

partner (aOR = 1.61, 

95% CI: 1.05, 2.46) 

Halkitis et 

al., 2013 

Cross-

sectional 

USA, 

2009-

2011 

598 Young MSM, 

participating in the 

P18 Syndemic 

Cohort 

 

 

 

Ages: 18-19 

(100%) 

Race: 29% White,  

38% Hispanic 

Student Enrolment 

Status: 86% 

enrolled in school 

1) PTSD 

symptoms (10-item 

TATC, ≥6); 

2) Depression 

(BDI – 21 items, ≥ 

16); 

3) Loneliness (4 

item UCLA scale); 

4) Suicide ideation 

or attempts, past 

year;  

5) Days of alcohol 

use, past month;  

Latent 

syndemic 

factor 

(identified via 

CFA) 

Any 

condomless 

oral, receptive 

anal, or 

insertive anal 

sex in the past 

30 days 

EFA to 

explore 

association 

of 

syndemic 

factors 

with each 

other 

Latent syndemic 

factor was 

associated with 

condomless sex (r = 

0.55, p < 0.001) 
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HIV-positive at 

baseline: 1% 

6) Days of 

marijuana use, past 

month;  

7) Days of poppers 

use, past month; 

8) Any use of 

another illicit drug; 

9-12) Urine-

positive substance 

use (up to 4 drugs 

tested) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Hart et al., 

2017 

Longitud

inal 

USA, 

2012-

2015 

391 HIV-negative 

MSM participating 

in the Gay 

Strengths Study 

 

 

 

Mean age (SD): 

35.27 (12.3) 

 

Race: 

59% White 

 

Education: 61% 

college educated 

1) Depression 

(CES-D 20-item, ≥ 

23); 

2) Multiple 

substance use – use 

of 2+ party drugs 

(cocaine, speed, 

crystal 

methamphetamine, 

ecstasy, ketamine, 

GHB, 

amphetamine) in 

the past 3 months; 

3) Childhood 

sexual abuse 

(CTQ-SA, 5 items, 

>5); 

4) Experience of 

heterosexist 

victimization in the 

past year (HHRDS, 

>1) 

 

Syndemic 

measure: 

Tally (0-4) 

 

Strength 

measure: 

Tally (0-3) 

1) CAI with a 

Serodiscordant 

primary or 

casual 

partner, past 3 

months 

 

2) CAI with a 

Serodiscordant 

casual 

partner, past 3 

months 

 

Not tested Bivariate results: 

1) an increased 

syndemic burden 

was associated with 

CAS with a 

serodiscordant 

casual partner (RR 

= 1.51, 95% CI: 

1.18, 1.92); 

 

2) increasing 

number of strengths 

was associated with 

CAS with a 

serodiscordant 

casual partner (RR 

= 0.64, 95% CI: 

0.50, 0.81); 

 

Multivariate results: 

 

1) No association 

between syndemic 
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Psychosocial 

strengths: 

 

1) Cognitive social 

capital (SA-SCAT, 

(≥2 indicating high 

social capital); 

 

2) Family social 

support (MSPSS, 

≥3 indicates high 

familial support); 

 

2) Friend social 

support (MSPSS, 

≥3 indicates high 

friend support); 

 

burden and CAS 

with a 

serodiscordant 

casual partner once 

strengths were 

accounted for (RR = 

1.26, 95% CI: 0.95, 

1.66); 

 

NB: Similar 

associations and 

patterns found for 

CAS with a casual 

or primary partner, 

but results were not 

presented 

 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Herrick et 

al., 2014 

Longitud

inal 

USA, 

2005-

2006 

470 MSM ages 18-24 

participating in the 

Healthy Young 

Men’s (HYM) 

Study 

 

 

 

Mean age: 20 (1.6); 

Race: 40% Latino, 

37% White, 23% 

African American; 

Student Enrolment 

Status at baseline: 

48% enrolled in 

school 

1) Emotional 

distress (CES-D 

20-item, ≥ 16); 

2) Substance use, 

past 3 months (any 

illicit drug use 

except marijuana) 

3) Alcohol misuse 

(binge drinking 

(5+ drinks) in the 

past 30 days) 

Tally (0-3) CAI in the past 

3 months 

Not tested Syndemic exposure 

was associated with 

increased odds of 

CAI (aOR = 1.31, 

95% CI: 1.06-1.60) 
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Jie et al. 

2012 

Cross-

sectional 

China, 

2010 

522 Chinese MSM  

 

 

 

Median Age 

(Range): 28 (18-

68); 

Ethnicity: 97% 

Han; 

Education: 76% 

had at least junior 

college; 

Sexual orientation: 

72% gay; 

HIV status: 3% 

HIV-positive 

1) Use of at least 

one illicit drug in 

the past 6 months; 

2) Binge drinking 

at least one 

day/week in the 

past 6 months; 

3) Probable 

depression (CES-D 

20-item, > 22); 

4) CSA (prior to 

age 16); 

5) IPV, lifetime; 

 

Tally (0-5) HIV-positive 

status 

 

 

Not tested Every unit increase 

in syndemic burden, 

is associated with an 

increase in the odds 

of being HIV-

positive (aOR = 1.5 

(95% CI: 1.0-2.9); 

 

 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Klein J 

2011 

Cross 

sectional 

study 

USA, 

2008-

2009 

332 MSM who use the 

internet to men 

with whom they 

can have 

unprotected sex 

 

Mean age: 43.7 

(11.2), range 18-72; 

Race: 74% White, 

9% African 

American, 9% 

Latino; 

89% identified as 

gay; 14% had no 

more than a high 

school education 

 

1) Demographic 

characteristics; 

2) Childhood 

Maltreatment 

(CTQ); 

3) Sexual 

preferences; 

4) Psychosocial 

and Psychological 

functioning; 

5) Substance 

use/misuse; 

6) Attitudes 

towards condom 

use 

All factors 

placed in a 

structural 

equation 

model 

Percentage of 

sex acts that 

involved the 

use of a 

condom in the 

30 days prior to 

interview 

Part of the 

structural 

equation 

model 

Syndemic factors 

(demographics, 

childhood 

maltreatment, sexual 

preferences, 

substance use) 

significantly 

associated with 

condom attitudes 

 

Condom attitudes 

significantly 

associated with % of 

sex acts using a 

condom 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Martinez 

et al, 2016  

Cross-

sectional 

USA, 

2014 

176 Latino MSM 

 

Mean Age (SD): 

33.37 (9.10);  

HIV positive (by 

self-report): 34% 

HIV-positive 

Primary language: 

56% 

predominantly/excl

usively Spanish 

Education: 44% 

HS/GED or less;  

Ethnicity: 100% 

Hispanic; 

Born in the US: 

29% 

1) Depression - 

CES-D-10 (≥ 10 

for depression); 

2) Discrimination - 

Experiences of 

discrimination 

measure (Krieger, 

2005), ≥1 event = 

experienced 

discrimination; 

3) childhood 

sexual abuse: Any 

forced coerced 

sexual activity 

before the age of 

17; 

4) High-risk 

alcohol 

consumption - 

binge drinking (at 

least 1 day in the 

past 30, consumed 

5+ drinks on same 

occasion) and 

heavy drinking (5 

or more alcoholic 

drinks on the same 

occasion 

on each of 5 or 

more days in the 

past 30 days) --> 

participant coded 

as engaging in 

tally 

(syndemics 

factors scale, 

0-4) 

 

1) multiple 

male sex 

partners, past 3 

months; 

2) condomless 

anal intercourse 

(CAI), past 3 

months 

Not tested 1) Multiple sex 

partners (>1, p3m): 

0 conditions: 

reference 

1 condition: 

aOR=2.40 (0.64, 

8.95) 

2 conditions: 

aOR=4.66 (1.29, 

16.85) 

3 conditions: 

aOR=7.28 (1.94, 

27.28) 

4 conditions: 

aOR=8.25 (1.74, 

39.24) 

 

2) Condomless Anal 

Intercourse:  

0 conditions: 

reference 

1 condition: 

aOR=3.46 (0.75, 

15.88) 

2 conditions: 

aOR=3.69 (0.84, 

16.21) 

3 conditions: 

aOR=7.35 (1.64, 

32.83) 

4 conditions: 

aOR=8.06 (1.39, 

46.73) 
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high-risk drinking 

if said yes to either 

binge or heavy 

drinking; 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Mimiaga 

et al., 

2015a 

Longitud

inal 

USA, 

1999-

2001 

4295 Sexually active 

MSM participating 

in the EXPLORE 

RCT 

 

 

 

Mean Age (SD): 34 

(9.4);  

Race: 72% White 

Education: 36% 

had less than a 

college degree;  

 

1) Depressive 

symptoms (CES-D 

7-items, ≥ 13); 

2) CSA; 

3) Heavy alcohol 

use (≥4 drinks 

every day or ≥6 

drinks/day on a 

typical drinking 

day); 

4) Stimulant drug 

use, past 6 months; 

5) Polydrug use 

(≥3 illicit, non-

stimulant drugs), 

past 6 months; 

 

tally 

(syndemics 

factors scale, 

0-5); 

 

Categorized 

(0, 1, 2, 3, 4-

5) 

 

1) HIV 

seroconversion; 

 

2) Any CAI in 

the past 6 

months; 

 

3) CAI in the 

past 6 months 

with an HIV-

positive or 

unknown status 

partner 

(SDUAI) 

Not tested In adjusted 

proportional hazards 

models, number of 

syndemic exposures  

 

1)was significantly 

associated with HIV 

seroconversion: 

1 condition: 

aHR=1.68 (95% CI: 

1.09-2.59) 

2 conditions: 

aHR=2.41 (95% CI: 

1.55-3.76) 

3 conditions: 

aHR=5.28 (95% CI: 

3.31-8.44) 

4-5 conditions:  

aHR=8.69 (95% CI: 

4.78-15.44)  

 

In multivariable 

logistic GEE 

models, number of 

syndemic conditions  

 

2) was significantly 

associated with CAI 

with a positive or 
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unknown status 

partner 

1 condition: aOR = 

1.04 (95% CI: 0.93-

1.16) 

2 conditions: aOR = 

1.49 (95% CI: 1.31-

1.70) 

3 conditions: aOR = 

1.79 (95% CI: 1.49-

2.16) 

4-5 conditions:   

aOR = 2.86 (95% 

CI: 2.02-4.05) 

 

3) was associated 

with SDUAI: 

1 condition: aOR = 

1.24 (95% CI: 1.11-

1.39) 

2 conditions: aOR = 

1.69 (95% CI: 1.49-

1.91) 

3 conditions: aOR = 

2.23 (95% CI: 1.87-

2.66) 

4-5 conditions: aOR 

= 4.26 (95% CI: 

3.24-5.61) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Mimiaga 

et al., 

2015b 

Cross-

sectional 

Latin 

America, 

Spain, 

and 

Portugal 

24,2

74 

MSM who 

participated in an 

online social and 

sexual networking 

site for MSM in 

1) Depressive 

symptoms (CES-

D, 10 items; ≥ 10); 

Tally 

(syndemics 

factors scale, 

0-7) 

 

1) SDUAI in 

the past 3 

months 

 

Yes, 

psychosoci

al factors 

were 

regressed 

In multivariable 

logistic GEE 

models, number of 

syndemic conditions  
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2014 Latin American, 

Spain, and Portugal 

 

 

 

Mean age (SD): 

30.4 (8.9); 

Sexual orientation: 

77% 

gay/homosexual; 

Education: 79% 

had a University or 

post-graduate 

degree 

2) Suicidal 

ideation in the past 

month; 

3) Positive screen 

for hazardous 

drinking (CAGE 

≥2);  

4) Drug use during 

sex in the past 3 

months; 

5) CSA (prior to 

the age of 17); 

6) IPV; 

7) Sexual 

compulsivity 

(SCS, ≥24) 

 

2) self-reported 

HIV infection 

on each 

other 

1) was associated 

with SDUAI: 

1 condition: aOR = 

1.31 (95% CI: 1.20-

1.43) 

2 conditions: aOR = 

1.78 (95% CI: 1.60-

1.98) 

3 conditions: aOR = 

2.30 (95% CI: 2.01-

2.62) 

4 conditions: aOR = 

2.67 (95% CI: 2.17-

3.30) 

5 conditions: aOR = 

3.93 (95% CI: 3.11-

4.67) 

6-7 conditions: aOR 

= 4.06 (95% CI: 

3.25-5.09) 

 

2) was associated 

with HIV infection: 

1 condition: aOR = 

1.24 (95% CI: 1.07-

1.42) 

2 conditions: aOR = 

1.62 (95% CI: 1.47-

1.77) 

3 conditions: aOR = 

2.03 (95% CI: 1.75-

2.34) 

4 conditions: aOR = 

2.85 (95% CI: 2.28-

3.57) 

5 conditions: aOR = 

2.67 (95% CI: 1.84-

3.87) 
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6-7 conditions: aOR 

= 2.54 (95% CI: 

1.55-4.15) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Mizuno et 

al., 2012 

Cross 

sectional 

study 

USA, 

2005-

2006 

1081 Latino MSM 

participating in the 

Brothers y 

Hermanos study 

 

 

 

70% of sample 

under the age of 40; 

35% had at least 

some college or 

more; 

HIV-negative (self-

report): 46% 

 

 

 

1) Experience of 

homophobia, past 

12 months; 

 

2) Experience of 

racism, past 12 

months 

Composite 

variable - 

experienced 

neither 

homophobia 

nor racism, 

experienced 

homophobia 

but not 

racism, 

experienced 

racism but not 

homophobia, 

experienced 

both 

homophobia 

and racism 

1) CIAI with a 

main or casual 

partner, past 3 

months; 

 

2) CRAI with a 

main or casual 

partner, past 3 

months; 

 

3) Binge 

drinking, past 3 

months 

 

4) Illicit drug 

use, past 3 

months 

Bivariate 

analysis to 

create 

composite 

exposure 

variable  

Men exposed to 

both homophobia 

and racism had 

higher odds of 

reporting URAI 

(aOR = 1.92, 95% 

CI: 1,18-3.24) and 

higher odds of binge 

drinking in the past 

3 months (aOR = 

1.42, 95% CI: 1.02-

1.98)   

Moeller et 

al., 2011 

Cross-

sectional 

USA, 

2001-

2002 

450 MSM participating 

in Project BUMPS 

 

 

 

Mean Age (SD): 

32.80 (7.9); 

Race: 51% White, 

20% Hispanic, 15% 

Black; 

Education: 51% 

had college degree; 

HIV-status: 37% 

HIV-positive 

1) Anxiety (BSI, 6 

items) 

2) Depression 

(BSI, 7 items) 

3) Hostility (BSI, 5 

items) 

4) Ketamine use in 

the past 4 months; 

5) Ecstasy use in 

the past 4 months; 

6) Cocaine use in 

the past 4 months; 

7) GHB use in the 

past 4 months; 

Tally (0-8)  1) Any CAI; 

 

2) CAI with an 

HIV-positive 

partner 

 

3) CAI with an 

HIV-negative 

partner 

 

4) CAI with a 

partner with 

unknown HIV 

status 

Syndemic 

factors 

were 

regressed 

on each 

other 

1) syndemic score 

was associated with 

CAI: aOR = 1.17 

(95% CI: 1.03-1.33); 

 

2) syndemic score 

was associated with 

CAI with an HIV-

positive partner: 

aOR = 1.30 (95% 

CI: 1.11-1.53); 

 

3) syndemic score 

was associated with 
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8) 

Methamphetamine 

use in the past 4 

months; 

CAI with an HIV-

negative partner: 

aOR = 1.16 (95% 

CI: 1.02-1.31) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Mustanski 

et al., 

2007 

Cross-

sectional 

USA, 

2004-

2005 

310 YMSM 

participating in 

Project Q 

 

 

 

Age: 16-24, mean 

20 (2.4), 54% 

younger than 21; 

Race/ethnicity: 

30% White, 33% 

African American, 

26% 

Hispanic/Latino; 

Self-reported 

sexual orientation: 

82% gay 

1) Regular binge 

drinking past year; 

2) Regular 

marijuana use, past 

year; 

3) Any illicit drug 

use (aside from 

marijuana), past 

year 

4) Current 

psychological 

distress (18-item 

BSI, Global 

severity index ≥ 

62); 

5) partner 

violence; 

6) sexual assault; 

Tally (0-4) 1) HIV status; 

2) Multiple 

anal sex 

partners in the 

last 3 months; 

3) condomless 

anal sex in the 

last 12 months; 

Syndemic 

factors 

were 

regressed 

on each 

other 

Syndemic tally was 

associated with 

reporting more than 

1 anal sex partners 

in the past 3 months 

--> for every unit 

increase in syndemic 

burden, there was an 

aOR=1.24 (1.05, 

1.47);  

Syndemic tally was 

associated with 

condomless anal sex 

in the past 12 

months --> for every 

unit increase in 

syndemic burden, 

there was an 

aOR=1.42 (1.19, 

1.68);  

Syndemic tally was 

associated with 

reporting being 

HIV-positive --> for 

every unit increase 

in syndemic burden, 

there was an 

aOR=1.42 (1.12, 

1.80); 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Mustanski 

et al., 

2016 

Longitud

inal 

USA, 

2009-

2015 

450 YMSM (ages 16-

20) participating in 

a longitudinal  

 

 

 

Mean age (SD) at 

baseline: 18.9 (1.3); 

Race: 18% White, 

53% Black, 20% 

Hispanic/Latino; 

 

HIV-positive at 

baseline: 25% 

1) Alcohol use 

disorder (C-DIS 

IV; dichotomized 

at abuse or 

dependence); 

2) Binge drinking 

(5+ drinks in a 2-

hour period), past 

6 months 

3) Polydrug use 

(use of 2+ illicit 

drugs), past 6 

months; 

3) IPV in the past 6 

months; 

4) Other physical 

victimization based 

on sexual 

orientation 

(lifetime); 

5) Unwanted 

childhood sexual 

experiences prior 

to the age of 13; 

6) Major 

depressive episode, 

past 12 months (C-

DIS-IV) with or 

without suicide 

contemplation 

(≥65 cutoff); 

7) Impulsivity 

(UPPS-P); 

8) HIV status; 

Latent 

syndemic 

factor 

identified 

using CFA 

Number of 

male 

condomless 

anal sex 

partners in the 

past 6 months 

(assessed at 

follow-up), 

taken from H-

RASP 

Part of the 

structural 

equation 

model 

The syndemic factor 

was found to be a 

risk factor for CAI: 

IRR=2.43 (95% CI: 

2.03-2.92) 

 

Secondary 

multigroup analysis 

found that the 

syndemic factor was 

less influential 

among YMSM of 

color than White 

YMSM 
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9) STI infection – 

positive urine test 

for Neisseria 

gonorrhea or 

Chlamydia 

trachomatis 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

O’Leary 

et al., 

2014 

Cross-

sectional 

USA, 

2008-

2011 

593 African American 

MSM participating 

in an HIV risk 

reduction RCT 

 

 

 

Mean age (SD): 

41.62 (10.7); 

Education: 81% 

Had a High school 

education or less; 

  

1) Probable 

depression (CES-

D, 5-item; ≥1); 

2) Problem 

drinking Positive 

screen for 

hazardous drinking 

(CAGE ≥2);  

3) Substance 

dependence or 

heavy use 

(TCUDS, ≥3); 

4) IPV (revised 

CTS, ≥1); 

5) CSA (prior to 

age 18) 

Syndemic 

factors tallied 

(0-5) to a 

score, 

categorized as 

0, 1, 2, 3+ 

1) HIV 

serostatus (self-

report) 

 

2) HIV risk, 

defined by 

serostatus: 

 

For HIV-

negative men, 

HIV risk is 

CRAI with an 

HIV-positive or 

unknown status 

partner; 

 

For HIV-

positive men, 

HIV risk is 

CIAI with an 

HIV-negative 

or unknown 

status partner 

 

 

Syndemic 

factors 

correlated 

with each 

other 

(Pearson’s 

product 

moment) 

1) Unadjusted 

logistic regression 

models show an 

association between 

syndemic burden and 

HIV seropositivity 

(OR = 1.25, 95% CI: 

1.06-1.48) 

 

Syndemic burden 

was also associated 

with HIV risk (OR = 

1.88, 95% CI: 1.59-

2.25) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

Results 
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with each 

other 

Parsons et 

al., 2012 

Cross-

sectional 

USA,  

2003-

2004 

669 MSM who took an 

anonymous survey 

as part of the Sex 

and Love Study 

 

 

 

Age: 

18-29: 26% 

30-39: 34% 

40-49: 24% 

50+: 16% 

 

Race: 62% White, 

10% African 

American, 14% 

Latino; 

 

Education: 64% 

had a college (or 

higher) degree 

1) polydrug use - 

3+ recreational 

drugs in the past 6 

months; 

2) Depression 

scores – CES-D, 

(depression cut off 

>22); 

3) IPV; 

4) CSA (16 years 

or younger); 

5) Sexual 

compulsivity 

(SCS, ≥ 24 

suggestive of 

sexual 

compulsivity) 

Syndemic 

factors tallied 

(0-5) to a 

score, 

categorized as 

0, 1, 2, 3, 4, 

5) 

1) HIV status 

(self-report); 

 

2) CAI with a 

non-primary 

partner of 

unknown or 

different HIV 

serostatus, past 

3 months 

Syndemic 

factors 

were 

regressed 

on each 

other 

1) HIV-status: 

1 condition: 

aOR=1.63 (95% 

CI=1.30, 2.05);  

2 conditions: 

aOR=2.66 (95% 

CI=1.68, 4.20);  

3 conditions: 

aOR=4.33 (95% 

CI=2.18, 8.61);  

4 conditions: 

aOR=7.07 (95% 

CI=2.83, 17.64);  

5 conditions: aOR= 

11.52 (95% CI=3.67, 

36.14) 

 

2) CAI: 

1 condition: 

aOR=1.65 (95% 

CI=1.32, 2.07);  

2 conditions: 

aOR=2.73 (95% 

CI=1.74, 4.28);  

3 conditions: 

aOR=4.51 (95% 

CI=2.30, 8.86);  

4 conditions: 

aOR=7.46 (95% 

CI=3.04, 18.34);  

5 conditions: 

aOR=12.33 (95% 

CI=4.01, 37.95) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

Results 
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with each 

other 

Pitpitan et 

al., 2016 

Cross-

sectional 

Mexico 

2012-

2013 

191 MSM recruited via 

RDS 

 

 

 

Mean age (SD): 

29.7 (8.9) 

 

Sexual orientation: 

53% 

heterosexual/bisexu

al 

High school 

graduate/more: 

53% 

 

Employed: 59% 

 

1) Depression 

(Beck, 21-item; ≥ 

17) 

2) Lifetime drug 

use 

3) Sexual 

compulsivity 

(SCS, ≥24) 

4) Lifetime history 

of abuse (ever: 

forced 

sex/physically 

abused/emotionall

y abused) 

5) Internalized 

homophobia (9-

item scale, ≥19) 

Syndemic 

factors tallied 

(0-5) to a 

score 

1) CAI with a 

stranger in the 

past 2 months; 

 

2) HIV status 

Syndemic 

factors 

regressed 

on each 

other 

1) A greater number 

of syndemic 

conditions were 

associated with 

increasing likelihood 

of CAI with a 

stranger (p<0.001) 

 

2) HIV status: no 

significant trend 

between higher 

number of syndemic 

conditions and HIV 

status (p=0.95) 

 

3) Outness was tested 

as a moderator of the 

relationship between 

syndemics and sexual 

risk behavior; among 

those with “high 

level” or outness (out 

to more than half of 

the people they 

know) the association 

between increasing 

syndemic burden and 

sexual risk behaviors 

was positive: OR 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Santos et 

al., 2014 

Cross-

sectional 

Global 

(151 

3934 MSM who 

participated in a 

global, online 

1) current 

homelessness; 

Tally (0-5 

items); 

created a 

1) CAI in the 

past 12 months; 

 

Syndemic 

factors 

were 

1) CAI 
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countries)

, 

2002 

survey from the 

Global Forum on 

MSM & HIV 

 

 

 

Mean age (range): 

35 (12-90); 

 

Sexual orientation: 

86% identified as 

gay; 

 

2) Probable 

depression (PHQ, 

2-item, ≥3); 

3) Sexual stigma 

(7-item scale, ≥4) 

4) Any illicit 

substance use, past 

12 months; 

5) Experienced 

violence due to 

sexual orientation;  

 

categorical 

variable (0, 1, 

2, 3+) 

2) HIV-positive 

(self-report); 

regressed 

on each 

other 

1 condition: aOR = 

1.67 (95% CI: 1.24-

2.26) 

2 conditions: aOR = 

2.02 (95% CI: 1.44-

2.85) 

3+ conditions: aOR = 

2.35 (95% CI: 1.31-

4.21) 

 

2) HIV-positive: 

1 condition: aOR = 

1.39 (95% CI: 1.01-

1.90) 

2 conditions: aOR = 

1.70 (95% CI: 1.14-

2.53) 

3+ conditions: aOR = 

1.84 (95% CI: 1.13-

2.98) 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Stall et al., 

2003 

Cross-

sectional 

USA,  

1996-

1998 

2881 MSM participating 

in the Urban Men’s 

Health Study 

 

Age: 20% 18-29, 

39% 30-39, 41% 

40+;  

HIV positive (by 

self-report or 

testing, taken from 

methods paper): 

17% HIV-positive 

Education: 30% 

HS/GED or less;  

1) polydrug use - 

3+ recreational 

drugs in the past 6 

months; 

2) Depression 

scores - CES-D, 

(depression cut off 

>22); 

3) IPV; 

4) CSA (16 years 

or younger) 

Tally 1) HIV 

seroprevalence 

(self-report) 

2) CAI with a 

partner of 

known 

discordant 

status OR 

unknown status  

Syndemic 

factors 

were 

regressed 

on each 

other 

1) HIV-status:  

0 conditions: ref 

1 condition: aOR=1.8 

(1.4, 2.3) 

2 conditions: 

aOR=2.7 (2.0, 3.6) 

3-4 conditions: 

aOR=2.2 (1.4, 3.5) 

z-test for linear trend: 

p<0.001 

 

2) High-risk sex:  

0 conditions: ref 
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Race/ethnicity: 

79% White, 4% 

African American, 

10% Hispanic, 7% 

other; 

Income: 42% 

<%40,000, 33% 

$40,000-$80,000, 

25% >$80,000; 

Sexual orientation: 

84% gay 

 

1 condition: aOR=1.6 

(1.2, 2.1) 

2 conditions: 

aOR=2.4 (1.6, 3.4) 

3-4 conditions: 

aOR=3.5 (2.2, 5.6) 

z-test for linear trend: 

p<0.01 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Starks et 

al., 2016 

Cross-

sectional 

USA, 

2014 

200 Partnered MSM 

(200 individuals, in 

100 couples) 

 

 

 

Mean age (SD): 

31.2 (10); 

 

Race: 72% White, 

3% Black, 12% 

Latino; 

 

Education: 70% 

had a college (or 

post-graduate) 

degree 

1) Depression 

(BSI, 6-item, ≥65); 

2) IPV (current or 

former partner); 

3) Polydrug use 

(2+ illicit drugs), 

past 3 months; 

4) CSA (prior to 

age 18); 

5) Sexual 

compulsivity 

(SCS, ≥ 24 

suggestive of 

sexual 

compulsivity) 

Tally 1) Condom use 

at first sex 

(yes/no); 

 

2) HIV status 

disclosure prior 

to first sex 

(yes/no) 

Not tested 1) Syndemic stress 

was significantly 

associated with not 

using a condom at 

first sex (B = -0.40, 

95% CI: -0.72, -0.07) 

 

2) Syndemic stress 

was significantly 

associated with not 

disclosing HIV status 

prior to first sex (B = 

-0.53, 95% CI: -0.94, 

-0.12) 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Storholm 

et al. 2011 

Cross-

sectional 

USA, 

2008 

578 YMSM 

 

 

 

Age range: 13-29 

(100%); 

Race: 30% Latino; 

19% White, 27% 

African American  

Past 3-month: 

1) Drinking to 

intoxication; 

2) marijuana use; 

3) cocaine use; 

4) crack use; 

5) poppers; 

6) ecstasy; 

7) ketamine; 

8) GHB; 

9) meth.; 

10) heroin; 

11) Hallucinogens; 

12) Steroids; 

13) Viagra/Cialis; 

14) Xanax/valium; 

15) 

Adderall/Ritalin 

(without a 

prescription); 

16) Cigarettes; 

 

Tally (0-16) 1) Number of 

casual male sex 

partners in the 

past 3 months; 

 

2) Number of 

transactional 

male sex 

partners, past 3 

months 

Syndemic 

factors 

correlated 

with each 

other 

1) Cigarette 

smoking was 

associated with 

multiple of other 

syndemic 

substance use 

items (marijuana, 

cocaine, poppers, 

ecstasy, meth, 

Adderall, or 

Ritalin, and 

drinking to 

intoxication); 

 

2) Cigarette 

smoking YMSM 

reported a higher 

number of casual 

sex partners in the 

past 3 months (T 

(576) = 2.36, p < 

0.05); 

 

3) Cigarette 

smoking YMSM 

reported a higher 

number of 

transactional sex 

partners in the past 

3 months (T (576) 

= 2.02, p < 0.05); 
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Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Tulloch et 

al., 2015 

Longitud

inal 

Canada, 

2006-

2009 

239 MSM participating 

the Sexual Health 

and Attitudes 

Research Project 

(SHARP) cohort 

study 

 

 

 

Mean age (SD): 

44.2 (9.7) 

Race: 76% White; 

Education: 44% 

had a college (or 

post-graduate) 

degree; 

Sexual orientation: 

93% 

gay/homosexual; 

HIV status: 48% 

HIV-positive  

1) Probable 

depression (CES-

D, (20 item, ≥16); 

2) Polydrug use 

(3+ illicit drugs), 

past 6 months; 

3) IPV (hit by 

casual or primary 

partner, lifetime) 

 

NB: Childhood 

adversity was not 

considered to be 

part of a syndemic 

factor; syndemic 

factor was assessed 

as a mediator 

between childhood 

adversity and adult 

HIV-related sexual 

risk behaviors 

 

Childhood 

Adversity: 

1) Verbal peer 

victimization (TQ-

R) 

2) Anti-gay 

physical 

victimization  

3) Childhood 

sexual and 

physical abuse 

(CTQ-SF) 

Tally (0-3), 

collapsed to 

categorical (0, 

1, 2+) 

CAI with a 

partner of 

known 

discordant 

status OR 

unknown status 

Syndemic 

factors were 

regressed on 

each other 

1) Cochran-

Armitage trend 

test showed a 

significant 

association 

between higher 

number of 

syndemic 

conditions and 

CAI with 

serodiscordant or 

unknown status 

partners 

(p<0.0001) 

 

2) All childhood 

adversity factors 

were associated 

with syndemic 

burden 

 

3) In mediation 

models (direct 

effect models 

controlled for 

syndemic burden):  

a) Verbal 

victimization – no 

direct effect of 

verbal 

victimization on 

sexual risk 

behavior, but there 

was a significant 
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 mediated effect 

through syndemic 

burden; 

 

b) Physical peer 

victimization – 

direct effect on 

sexual risk 

behavior but no 

significant indirect 

effect through 

syndemic burden; 

 

c) Childhood 

sexual abuse – 

neither direct nor 

indirect effects 

were significant; 

 

d) Childhood 

physical abuse – 

no direct effect on 

sexual risk 

behavior but there 

was an indirect 

effect through 

syndemic burden 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic 

Exposures 

Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Wang et 

al., 2017 

Cross-

sectional 

China, no 

date 

given 

547 MSM, ages 16 or 

older who reported 

at least 1 male sex 

partner in the past 6 

months 

 

 

1) Self-Esteem 

(high (≥15)/low 

(<15), RSES; 

2) Anxiety (GAD, 

≥10); 

Tally (0-5), 

ultimately 

collapsed into 

0/1 vs. 2 or 

more 

conditions 

CAI with any 

male partner in 

the past 6 

months 

Syndemic 

factors were 

regressed on 

each other 

 

Self-esteem 

was 

1) Having two or 

more syndemic 

factors was 

associated with 

CAI (aOR = 1.65, 

95% CI: 1.09-
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Age categorized: 

<25: 27.1% 

25-40:  61.6% 

40+: 11.3%; 

 

Education: 71.3% 

college educated 

 

HIV-positive: 4.4% 

CAI: 54.5% 

 

3)  Probable 

depression (CES-

D, >16);  

4) Loneliness (4 

item UCLA scale, 

≥18); 

5) Sexual 

compulsivity, >26; 

associated 

with the other 

syndemic 

factors 

2.50) including 

self esteem 

 

2) Excluding self-

esteem, having 

two or more 

syndemic 

conditions was 

associated with 

CAI (aOR = 1.52, 

95% CI: 1.06-

2.20)   

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic Exposures Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Wim et 

al., 2014 

Cross-

sectional 

Belgium, 

2008 

591 HIV-negative 

MSM who 

reported having 

at least 1 episode 

of RAI in the past 

6 months 

 

 

 

Mean Age (SD): 

34.83 (11.1) 

 

1) Probable 

depression scores - 

CES-D, (>21); 

2) Any alcohol use, 

past 6 months; 

3) Sexual sensation 

seeking (SSS, 20 

items); 

4) Use of poppers, 

past 6 months; 

5) Use of erectile 

dysfunction drugs 

(ED), past 6 months; 

6) Use of party drugs 

(cocaine, GHB/GBL, 

speed, XTC), past 6 

months 

 

Tally (0-6) CAI with a 

casual partner, 

in the past 6 

months 

Syndemic 

factors 

correlated 

with each 

other 

Syndemic burden 

was significantly 

associated with 

CAI with a casual 

partner (aOR = 

2.36, 95% CI: 

1.23-4.55) 

Yu et al. 

2014 

Cross-

sectional 

China, 

2009 

404 MSM living in 

Shanghai, China 

 

 

1) Probable 

depression (CES-D, 

12-item; ≥ 10); 

2) IPV; 

Tally 11 different 

sexual risk 

behaviors, 

summed to a 

Not tested 

(except for 

smoking) 

1) Heavy smoking 

was associated 

with multiple 
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Mean age: 29.7 

Ethnicity: 96% 

Han Chinese; 

Education: 63% 

had at least a 

high school 

education 

 

3) Sexual orientation 

(LGBIS); 

4) Smoking status 

(non-smoker, light 

smokers (<10 

cigarettes/day), 

heavy smoker (≥10 

cigarettes/day) 

5) Any alcohol use, 

past 3 months; 

6) Any illicit drug 

use, past 3 months; 

7) Sexual attitudes; 

single 

continuous 

variable (no 

scale reference 

given)  

other syndemic 

factors; 

 

2) Combined 

syndemic burden 

was significantly 

associated with 

higher levels of 

sexual risk 

behaviors 

HAART Adherence and Efficacy Related Outcomes 

Study Study 

Design 

Study 

Locations 

& Dates 

N Study population Syndemic Exposures Syndemic 

Specification 

Outcome 

Variables 

Syndemic 

factors 

associated 

with each 

other 

Results 

Biello et 

al. 2016 

Cross-

sectional  

Online 

data 

collected 

from 

MSM in 

17 

countries 

in Latin 

America 

 

2014 

2020 HIV-positive 

men in Latin 

America 

 

 

 

Mean age (SD): 

34.9 (9); 

78% completed 

university or 

more;  

92% identified as 

gay/homosexual 

1) Probable 

depression (CES-D 

10 item, ≥10) 

2) Suicidal Ideation, 

past month 

3) Positive screen for 

hazardous drinking 

(CAGE ≥2) 

4) Illicit drug use 

(stimulants, ecstasy 

GHB, ketamine or 

heroin) during sex in 

the past 3 months 

5) CSA (age ≤ 17) 

6) IPV, past 5 years 

7) Sexual 

compulsivity (SCS, 

≥ 24 suggestive of 

sexual compulsivity) 

Total number 

of syndemic 

conditions 

used as a 

continuous 

(tally) 

variable; 

 

Total 

syndemic 

burden as an 

ordinal 

variable (0, 1-

2, 3-4, 5+) 

1) Currently in 

care for HIV; 

2) Currently 

taking ART; 

3) Self-reported 

ART adherence 

in the past 

month (100% 

vs < 100%) 

Not tested Syndemic tally: 

Every unit 

increase in 

syndemic burden 

(linear trend), 

there is a 9% 

reduction in 

engagement in 

care (aOR = 0.91, 

95% CI: 0.85-

0.97); an 11% 

reduction in odds 

of being on ART 

(aOR = 0.89, 95% 

CI: 0.84-0.93), 

and a 14% 

reduction in the 

odds of being 

100% ART 

adherent (aOR = 
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0.86, 95% CI: 

0.82-0.91)  

 

Syndemic as 

ordinal variable: 

5+ syndemic 

factors associated 

with 42% 

reduction in odds 

of currently being 

in care for HIV 

(aOR = 0.58, 95% 

CI: 0.36-0.95); 

being on ART 

(aOR = 0.58, 95% 

CI: 0.38-0.91); 

and of being 100% 

adherent (aOR = 

0.28, 95% CI: 

0.14-0.55) 

Friedman 

et al. 

2015 

Longitud

inal 

USA 

2003-

2009 

766 HIV-positive 

MSM in the 

methamphetamin

e sub-study of the 

MACS 

 

 

 

Age categorized: 

20-39: 13.8% 

40-60:  74.4% 

60+: 11.8%; 

Race: 65% 

White; 

 

Education: 82% 

had some college 

or more 

 

1) Probable 

depression (CES-D 

20-item, ≥ 16); 

2) Polysubstance use 

(2+ illicit substances 

at least monthly) 

3) CAI with at least 

one casual male 

partner 

 

Tally (0-3)  1) Self-reported 

ART adherence 

(4-level); 

 

2) HIV viral 

load (detectable 

vs undetectable 

(<50 copies/ml) 

Yes, 

psychosocial 

factors were 

correlated 

with each 

other 

Syndemic count 

was associated 

with detectable 

viral load (p < 

0.001) and 

reduced ART 

adherence (p < 

0.001) 

 

Using structural 

equation 

modeling, the 

association 

between syndemic 

count and 

detectable viral 

load was mediated 

by ART adherence 
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Friedman 

et al. 

2016 

Longitud

inal 

USA 

2002-

2009 

712 Sexually active, 

HIV-positive 

MSM in the 

MACS 

 

 

 

Age categorized: 

20-39: 12% 

40+:  88% 

 

Race: 59% 

White; 

 

Annual income: 

≤$19,999: 36% 

$20,000+: 64% 

1) Probable 

depression (CES-D 

20-item, ≥ 16); 

2) Polysubstance use 

(2+ illicit substances 

at least monthly) 

3) CAI with at least 

one casual male 

partner 

 

Tally (0-3)  HIV viral load 

(detectable vs 

undetectable 

(<200 

copies/mm3) 

Not tested Syndemic count 

was associated 

with detectable 

viral load (p < 

0.001);  

 

Higher numbers of 

syndemic 

conditions were 

associated with 

lower social 

support (p<0.001); 

 

Using structural 

equation modeling 

the association 

between syndemic 

count and viral 

load was 

moderated 

(p<0.05) by social 

support 

Halkitis et 

al., 2014 

Cross-

sectional 

USA, 

2010-

2011 

180 HIV-positive 

MSM ages 50 

and older 

participating in 

Project Gold who 

reported being on 

antiretroviral 

(ART) therapy 

 

 

 

Mean Age (SD): 

55.4 (4.6) 

 

Race:  

White: 24%, 

Black: 47%, 

1) Depression (BDI, 

no cutoff used) 

 

2) PTSD (TATC, no 

cutoff used) 

 

3) HIV-related 

stigma (HIVSS, no 

cutoff used) 

 

4) HIV-related body 

change distress 

(ABCD, no cutoff 

used) 

 

Syndemic 

factors used 

as individual 

indicators 

ART 

Adherence 

measures, 

ACTG 

questionnaire: 

 

1) missing 

ART doses in 

the past 4 days; 

 

2) taking ART 

doses off-

schedule, past 4 

days 

 

3) failing to 

follow ART 

Not tested 1) In bivariate 

analysis 

 

a) depression was 

associated with 

taking ART doses 

off-schedule (OR 

= 1.04, 95% CI: 

1.01, 1.08), and 

failing to follow 

ART instructions 

(OR = 1.04, 95% 

CI: 1.00, 1.09) 

 

b) PTSD was not 

associated with 
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Latino: 16% 

 

Education: 33% 

Bachelor’s 

degree or higher 

5) Sexual 

compulsivity (CSBI, 

no cutoff used) 

dosing 

instructions; 

 

4) missing 

ART doses in 

the (most 

recent) past 

weekend 

 

5) A composite 

overall 

adherence 

score (0-4) 

any ART 

outcome; 

 

c) HIV-related 

stigma was 

associated with 

taking ART doses 

off-schedule (OR 

= 1.04, 95% CI: 

1.01, 1.08), and 

failing to follow 

ART instructions 

(OR = 1.08, 95% 

CI: 1.03, 1.13); 

 

d) Body change 

distress was not 

associated with 

any ART 

outcome; 

 

e) Sexual 

compulsivity was 

associated with 

taking ART doses 

off-schedule (OR 

= 1.05, 95% CI: 

1.02, 1.09), and 

failing to follow 

ART instructions 

(OR = 1.05, 95% 

CI: 1.01, 1.08); 

 

2) In adjusted 

analyses, 

 

a) depression was 

not associated 

with any of the 
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ART adherence 

outcomes, 

 

b) HIV-related 

stigma not 

associated with 

any of the ART 

adherence 

outcomes; 

 

c) Sexual 

compulsivity was 

associated with 

taking ART doses 

off-schedule (OR 

= 1.04, 95% CI: 

1.01, 1.07) 

Abbreviations: MSM – men who have sex with men; CES-D – Center for epidemiologic studies depression scale; AUDIT – alcohol use disorders identification 

test; CAI – Condomless anal intercourse; CAGE – 4-item screener for drinking and alcohol-related problems; CSA – childhood sexual abuse; IPV – intimate 

partner violence; SCS – Sexual compulsivity scale; ART – Antiretroviral Therapy; MACS – Multicenter AIDS Cohort Study; CSBI – Compulsive Sexual 

Behavior Inventory; CAI-US – condomless anal intercourse with a partner whose HIV status was unknown to the participant; ns – not statistically significant 

(p<0.05); MSMW – men who have sex with men and women; DSS – Depression symptom scale, 9-item; SDUAI – condomless anal intercourse with a partner of 

different or unknown HIV serostatus; TATC – trauma awareness and treatment scale for PTSD; BDI – Beck Depression Inventory, version II; CTQ – Child 

Trauma Questionnaire; CTQ-SA – Childhood Trauma Questionnaire, Sexual Abuse subscale; GAIN – Global Appraisal of Individual Needs; SSS – Sexual 

Sensation Seeking Scale; CIAI – condomless insertive anal intercourse; CRAI – condomless receptive anal intercourse; BSI – Brief Symptom Inventory; TCUDS 

– Texas Christian University Drug Screen; CTS – Conflict Tactics Scale; PHQ – Patient Health Questionnaire; YMSM – Young men who have sex with men; RAI 

– receptive anal intercourse; LGBIS – Lesbian, Gay, and Bisexual Identity Scale; C DIS-IV – Computerized Diagnostic Interview Schedule for the Diagnostic and 

statistical manual of mental disorders (DSM-IV); UPPS-P – Impulsive behavior scale; H-RASP – HIV-risk assessment for sexual partnerships; TQ-R – Teasing 

Questionnaire-Revised; CTQ-SF – Childhood trauma questionnaire, short form; CRAI – Condomless receptive anal intercourse; CIAI – Condomless insertive anal 

intercourse; RSES – Rosenberg Self Esteem Scale; HHRDS – Heterosexist Harassment, Rejection, and Discrimination Scale; SA-SCAT – Short Social Capital 

Assessment Tool; MSPSS – Multidimensional Scale of Perceived Social Support; ABCD – Assessment of Body Change Distress Scale; HIVSS – HIV Stigma 

Scale; ACTG – AIDS Clinical Trials Group Adherence Questionnaire 
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Appendix B. Individual-level LCA 
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Appendix B.1: Drug and alcohol LCA 

Indicator variables: meeting criteria for hazardous drinking, and any use (in the past 3 months) of 

poppers, cocaine (powdered and/or crack), methamphetamine, club drugs (use of at least one:  

Ketamine/Special K, MDMA (ecstasy, X, XTC), GHB, GBL (BD, G), PCP alone or with 

marijuana (dust, dipper), mushrooms or any other hallucinogen (LSD, shrooms)), and/or opioids 

(defined as heroin and/or prescription opiates, including Vicodin, Oxycontin, Xanax, or other 

opiates or Benzodiazepines). 

Method: Latent class analysis models were run in Mplus 7.4, for classes ranging from 1 to 6.  To 

identify the model which best fit the data, multiple fit indices were used, including the Bayesian 

Information Criterion (BIC), the relative entropy (entropy) and the Adjusted Lo-Mendel-Rubin 

likelihood ratio test (LMR-LRT). The ideal model will have low BIC (relative to the other 

models), high entropy, and will be a significantly better fit by LMR-LRT than the model with 

one fewer class (k-1) but the model with one more class (k+1) will not have statistically 

significantly better fit.   If these indices disagree, BIC was given priority.  Based on the fit 

indices below, a three-class model was selected as it had the lowest BIC, highest entropy, and 

while the LMR-LRT disagreed, the 3-class model made qualitative sense, while the 4-class 

model preferred by the LRT test, appeared to create a separate class based on severity over 

difference.   

Table B.1.1. Average Latent class probabilities for the most likely latent class membership by 

latent class for the 3-class model 

 1 2 3 

1 0.836 0.164 0.000 

2 0.040 0.960 0.000 

3 0.014 0.000 0.986 
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Table B.1.2. Latent Class Fit Statistics 

# classes # free 

parameters 

Log 

likelihood 

AIC BIC Entropy LMR-

LRT  

p-value 

BLRT  

p-value 

1 6 -4117.163 8246.326 8278.178 -- -- -- 

2 13 -3839.153 7704.307 7773.318 0.659 <0.0001 <0.0001 

3 20 -3800.349 7640.698 7746.869 0.844 <0.0001 <0.0001 

4 27 -3787.813 7629.625 7772.956 0.642 0.0001 0.0050 

5 34 -3781.037 7630.075 7810.565 0.736 0.2308 0.1650 

6 41 -3776.406 7634.812 7852.217 0.731 0.3073 0.5000 

 

Table B.1.3a. Latent class prevalence and probabilities by class and indicator, 1-class model 

Class N Poppers Crack/Cocaine Meth Club 

Drugs 

Opioids Hazardous 

drinking 

(AUDIT) 

1 1493 0.343 0.201 0.054 0.108 0.126 0.555 

 

Table B.1.3b. Latent class prevalence and probabilities by class and indicator, 2-class model 

Class N Poppers Crack/Cocaine Meth Club 

Drugs 

Opioids Hazardous 

drinking 

(AUDIT) 

1 1104 0.235 0.035 0.002 0.009 0.051 0.441 

2 389 0.602 0.598 0.180 0.343 0.305 0.826 

 

Table B.1.3c. Latent class prevalence and probabilities by class and indicator, 3-class model 

Class N Poppers Crack/Cocaine Meth Club 

Drugs 

Opioids Hazardous 

drinking 

(AUDIT) 

1 329 0.618 0.691 0.189 0.386 0.322 0.989 

2 1127 0.255 0.058 0.000 0.019 0.063 0.449 

3 37 0.677 0.319 1.000 0.434 0.352 0.000 

 

Table B.1.3d. Latent class prevalence and probabilities by class and indicator, 4-class model 

Class N Poppers Crack/Cocaine Meth Club 

Drugs 

Opioids Hazardous 

drinking 

(AUDIT) 

1 369 0.396 0.291 0.000 0.000 0.174 0.719 

2 173 0.649 0.705 0.188 0.632 0.335 1.000 

3 914 0.211 0.000 0.000 0.026 0.029 0.364 

4 37 0.676 0.324 1.000 0.432 0.351 0.000 
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Graphically: 
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Appendix B.2: Attributable Proportion, NYCM2M (N = 1493) 

 Attributable Proportion (95% CI) 

Interaction Pair 5 or more male sex 

partners 

Serodiscordant 

Condomless anal sex 

Transactional Sex 

Childhood sexual abuse & 

Intimate partner violence 

-0.02 (-0.51, 0.47) 0.18 (-0.27, 0.63) 0.44 (0.05, 0.84) 

Childhood sexual abuse & 

polydrug use 

0.45 (0.17, 0.73) -0.05 (-0.56, 0.46) 0.17 (-0.32, 0.67) 

Childhood sexual abuse & 

depression 

0.30 (-0.07, 0.67) 0.11 (-0.41, 0.64) 0.48 (0.13, 0.84) 

Childhood sexual abuse & 

Childhood physical abuse 

-0.16 (-0.66, 0.33) -0.43 (-1.08, 0.22) 0.29 (-0.14, 0.72) 

Childhood sexual abuse & 

Gay-related childhood 

physical abuse 

0.15 (-0.43, 0.73) 0.37 (-0.22, 0.96) 0.46 (-0.06, 0.99) 

Childhood sexual abuse & 

incarceration 

0.01 (-0.75, 0.77) 0.06 (-0.83, 0.94) 0.09 (-0.89, 1.07) 

Childhood sexual abuse & 

racism 

-0.25 (-0.89, 0.39) 0.11 (-0.43, 0.65) -0.25 (-0.89, 0.39) 

Childhood sexual abuse & 

Gay-related violence or 

harassment 

0.06 (-0.39, 0.52) 0.05 (-0.46, 0.56) 0.24 (-0.25, 0.74) 

Childhood sexual abuse & 

Internalized homophobia 

0.41 (-0.03, 0.85) 0.17 (-0.28, 0.63) 0.37 (-0.06, 0.80) 

Childhood sexual abuse & 

homelessness 

0.44 (0.08, 0.79) -0.89 (-2.34, 0.57) 0.70 (0.47, 0.94) 

Childhood sexual abuse & 

audit 

0.28 (-0.08, 0.63) 0.17 (-0.25, 0.60) 0.29 (-0.38, 0.85) 

Childhood sexual abuse & 

tobacco 

-0.06 (-0.53, 0.41) -0.60 (-1.39, 0.19) -0.12 (-0.78, 0.54) 

Intimate partner violence 

& polydrug use 

0.08 (-0.30, 0.46) -0.70 (-1.60, 0.20) 0.12 (-0.44, 0.68) 

Intimate partner violence 

& depression 

-0.01 (-0.55, 0.52) 0.28 (-0.12, 0.68) 0.244 (-0.30, 0.79) 

Intimate partner violence 

& Childhood physical 

abuse 

0.31 (-0.03, 0.64) -0.21 (-0.77, 0.35) 0.28 (-0.17, 0.74) 

Intimate partner violence 

& Gay-related childhood 

physical abuse 

0.38 (-0.13, 0.88) -0.49 (-1.75, 0.77) 0.41 (-0.24, 1.06) 

Intimate partner violence 

& incarceration 

-0.12 (-1.14, 0.90) 0.15 (-0.67, 0.98) -0.15 (-1.49, 1.18) 

Intimate partner violence 

& racism 

0.24 (-0.18, 0.66) 0.05 (-0.49, 0.60) 0.37 (-0.12, 0.86) 
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Intimate partner violence 

& Gay-related violence or 

harassment 

0.09 (-0.38, 0.57) 0.32 (-0.05, 0.70) 0.33 (-0.17, 0.83) 

 Attributable Proportion (95% CI) 

 5 or more male sex 

partners 

Serodiscordant 

Condomless anal sex 

Transactional Sex 

Intimate partner violence 

& Internalized 

homophobia 

0.26 (-0.12, 0.64) -0.10 (-0.65, 0.46) 0.31 (-0.21, 0.83) 

Intimate partner violence 

& homelessness 

0.27 (-0.20, 0.74) 0.42 (0.01, 0.84) -0.18 (-0.67, 0.32) 

Intimate partner violence 

& audit 

0.15 (-0.29, 0.60) -0.26 (-0.85, 0.33) 0.08 (-0.79, 0.96) 

Intimate partner violence 

& tobacco 

-0.41 (-1.05, 0.23) -0.35 (-0.99, 0.29) -0.19 (-0.94, 0.56) 

Polydrug use & 

depression 

0.25 (-0.41, 0.46) -0.19 (-0.77, 0.39) -0.10 (-0.81, 0.60) 

Polydrug use & 

Childhood physical abuse 

-0.02 (-.40, 0.35) 0.33 (0.05, 0.62) 0.25 (-0.14, 0.64) 

Polydrug use & Gay-

related childhood physical 

abuse 

0.11 (-0.53, 0.75) -0.65 (-2.06, 0.77) 0.36 (-0.25, 0.98) 

Polydrug use & 

incarceration 

0.26 (-0.31, 0.84) 0.38 (-0.16, 0.91) 0.18 (-0.64, 1.01) 

Polydrug use & racism -0.05 (-0.53, 0.43) -0.12 (0.70, 0.45) 0.38 (-0.03, 0.80) 

Polydrug use & Gay-

related violence or 

harassment 

-0.18 (-0.66, 0.30) -0.14 (-.65, 0.37) 0.22 (-0.25, 0.69) 

Polydrug use & 

Internalized homophobia 

-0.29 (-0.82, 0.23) -0.29 (-0.86, 0.29) -0.04 (-0.68, 0.60) 

Polydrug use & 

homelessness 

-0.12 (-0.74, 0.49) -0.12 (-0.26, 0.26) 0.35 (-0.13, 0.83) 

Polydrug use & audit -0.32 (-0.95, 0.30) -0.03 (-0.54, 0.47) -0.39 (-1.48, 0.69) 

Polydrug use & tobacco -0.74 (-1.53, 0.05) -0.20 (-0.79, 0.40) 0.51 (0.05, 0.97) 

Depression & Childhood 

physical abuse 

0.05 (-0.40, 0.51) 0.10 (-0.36, 0.56) 0.24 (-0.24, 0.71) 

Depression & Gay-related 

childhood physical abuse 

-0.20 (-1.15, 0.75) 0.27 (-0.37, 0.92) 0.47 (-0.06, 1.00) 

Depression & 

incarceration 

-0.06 (-1.13, 1.01) 0.46 (-0.11, 1.03) 0.59 (0.11, 1.06) 

Depression & racism 0.24 (-0.20, 0.69) 0.17 (-0.34, 0.68) 0.42 (0.01, 0.84) 

Depression & Gay-related 

violence or harassment 

0.29 (-0.12, 0.70) 0.62 (0.36, 0.88) 0.19 (-0.37, 0.75) 

Depression & Internalized 

homophobia 

0.07 (-0.42, 0.56) 0.34 (-0.06, 0.73) 0.36 (-0.11, 0.82) 
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Depression & 

homelessness 

0.27 (-0.22, 0.75) 0.01 (-0.70, 0.73) 0.36 (-0.14, 0.85) 

Depression & audit -0.01 (-0.55, 0.53) -0.17 (-0.76, 0.42) -1.01 (-2.47, 0.44) 

Depression & tobacco -0.45 (1.17, 0.27) -0.28 (-0.94, 0.39) -0.13 (-0.85, 0.58) 

  

  

 Attributable proportion (95% CI) 

 5 or more male sex 

partners 

Serodiscordant 

condomless anal sex 

Transactional Sex 

Childhood physical abuse 

& incarceration 

0.40 (-0.12, 0.92) 0.14 (-0.64, 0.93) 0.62 (0.22, 1.03) 

Childhood physical abuse 

& racism 

0.23 (-0.16, 0.62) -0.32 (0.57, 0.50) 0.08 (-0.49, 0.65) 

Childhood physical abuse 

& Gay-related violence or 

harassment 

0.29 (-0.05, 0.64) -0.02 (-0.47, 0.42) 0.11 (-0.38, 0.60) 

Childhood physical abuse 

& Internalized 

homophobia 

0.22 (-0.13, 0.57) -0.10 (-0.56, 0.38) -0.16 (-0.79, 0.46) 

Childhood physical abuse 

& homelessness 

0.09 (-0.43, 0.61) 0.07 (-0.52, 0.66) 0.40 (-0.03, 0.83) 

Childhood physical abuse 

& audit 

0.05 (-0.36, 0.45) -0.18 (-0.63, 0.27) -0.07 (-0.74, 0.61) 

Childhood physical abuse 

& tobacco 

0.21 (-0.13, 0.55) 0.08 (-0.32, 0.48) -0.03 (-0.53, 0.47) 

Gay-related childhood 

physical abuse & 

incarceration 

0.35 (-0.43, 1.13) 0.77 (0.41, 1.12) 0.56 (-0.06, 1.17) 

Gay-related childhood 

physical abuse & racism 

0.29 (-0.30, 0.87) 0.55 (0.07, 1.02) -0.43 (-0.17, 1.03) 

Gay-related childhood 

physical abuse & Gay-

related violence or 

harassment 

0.33 (-0.27, 0.92) 0.66 (-0.06, 1.38) 0.67 (0.25, 1.09) 

Gay-related childhood 

physical abuse & 

Internalized homophobia 

0.43 (-0.06, 0.91) -0.05 (-1.03, 0.93) 0.16 (-0.77, 1.08) 

Gay-related childhood 

physical abuse & 

homelessness 

-0.49 (-1.82, 0.84) -0.54 (-2.32, 1.25) 0.23 (-0.59, 1.06) 

Gay-related childhood 

physical abuse & audit 

0.22 (-0.43, 0.87) 0.40 (-0.16, 0.96) 0.21 (-0.79, 1.21) 

Gay-related childhood 

physical abuse & tobacco 

0.15 (-0.53, 0.83) 0.39 (-0.20, 0.98) -0.16 (-1.35, 1.03) 

Incarceration & racism 0.36 (-0.27, 0.99) -0.12 (-1.35, 1.12) 0.85 (0.68, 1.03) 
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Incarceration & Gay-

related violence or 

harassment 

0.37 (-0.24, 0.99) 0.02 (-0.99, 1.03) 0.16 (-0.79, 1.11) 

Incarceration & 

Internalized homophobia 

0.03 (-0.84, 0.90) -0.17 (-1.34, 1.01) -0.69 (-2.65, 1.27) 

Incarceration & 

homelessness 

0.72 (-2.57, 1.14) 0.08 (-1.06, 1.21) 0.18 (-0.86, 1.22) 

Incarceration & audit 0.28 (-0.38, 0.95) 0.53 (0.06, 0.99) 0.52 (-0.09, 1.14) 

    

 Attributable proportion (95% CI) 

 5 or more male sex 

partners 

Serodiscordant 

condomless anal sex 

Transactional Sex 

Incarceration & tobacco 0.52 (0.06, 0.98) 0.34 (-0.33, 1.01) 0.14 (-0.76, 1.04) 

Racism & Gay-related 

violence or harassment 

0.33 (-1.04, 0.39) 0.05 (-0.51, 0.61) -0.09 (-0.85, 0.67) 

Racism & Internalized 

homophobia 

-0.04 (-0.59, 0.52) -0.01 (-0.60, 0.58) 0.25 (-0.31, 0.80) 

Racism & homelessness 0.02 (-0.65, 0.70) -0.01 (-0.80, 0.79) 0.34 (-0.21, 0.88) 

Racism & audit 0.57 (0.26, 0.88) 0.09 (-0.40, 0.58) 0.55 (0.02, 1.07) 

Racism & tobacco -0.41 (-1.13, 0.30) -0.19 (-0.85, 0.47) 0.31 (-0.16, 0.78) 

Gay-related violence or 

harassment & Internalized 

homophobia 

0.23 (-0.18, 0.64) 0.76 (0.50, 1.03) 0.28 (-0.23, 0.78) 

Gay-related violence or 

harassment & 

homelessness 

0.31 (-0.27, 0.90) -0.62 (1.77, 0.53) -0.26 (-1.25, 0.73) 

Gay-related violence or 

harassment & audit 

0.09 (-0.39, 0.58) -0.17 (-0.68, 0.35) -0.45 (-1.50, 0.61) 

Gay-related violence or 

harassment & tobacco 

-0.32 (-0.90, 0.27) 0.33 (-0.04, 0.70) 0.01 (-0.57, 0.59) 

Internalized homophobia 

& homelessness 

-0.30 (-1.11, 0.50) 0.25 (-0.30, 0.80) 0.44 (-0.02, 0.90) 

Internalized homophobia 

& audit 

0.05 (-0.41, 0.51) 0.19 (-0.20, 0.59) 0.16 (-0.60, 0.92) 

Internalized homophobia 

& tobacco 

-0.03 (-0.52, 0.46) 0.22 (-0.18, 0.63) 0.13 (-0.41, 0.67) 

Homelessness & audit -0.68 (-1.72, 0.36)  -0.38 (-1.24, 0.48) 0.25 (-0.45, 0.95) 

Homelessness & tobacco -0.57 (-1.51, 0.37) -0.37 (-1.29, 0.56) 0.50 (0.10, 0.89) 

Audit & tobacco 0.13 (-0.31, 0.58) 0.29 (-0.09, 0.68) 0.05 (-0.72, 0.82) 
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Appendix B.3: Individual Level Latent Class Indicators and Prevalence by Model 

  Single Class 

Prevalence, N (%) 1493 (100%) 

Childhood sexual abuse 0.233 

Childhood physical abuse 0.455 

Gay-related childhood physical abuse 0.071 

Incarceration 0.057 

Gay-related physical assault/harassment 0.648 

Racism 0.201 

Homelessness 0. 126 

Intimate partner violence 0.252 

Depression 0.106 

Internalized homophobia 0.326 

Polydrug use (general) 0.220 

Polydrug use (sex/party) 0.025 

Tobacco 0.440 

Sexual Orientation-based Discrimination, Mean (SE) 14.03 (0.27) 

Table B.3.1 1-class model 

  Class 1 Class 2 

Prevalence, N (%) 1142 (76%) 351 (24%) 

Childhood sexual abuse 0.176 0.404 

Childhood physical abuse 0.360 0.744 

Gay-related childhood physical abuse 0.012 0.247 

Incarceration 0.036 0.118 

Gay-related physical 

assault/harassment 
0.547 

0.954 

Racism 0.120 0.235 

Homelessness 0.090 0.235 

Intimate partner violence 0.172 0.492 

Depression 0.064 0.232 

Internalized homophobia 0.280 0.465 

Polydrug use (general) 0.213 0.242 

Polydrug use (sex/party) 0.022 0.034 

Tobacco 0.425 0.486 

Sexual Orientation-based 

Discrimination, Mean (SE) 
9.19 (0.30) 

23.98 (1.14) 

Table B.3.2 2-class model 
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  Class 1 Class 2 Class 3 

Prevalence, N (%) 811 (54%) 582 (39%) 100 (7%) 

Childhood sexual abuse 0.162 0.289 0.445 

Childhood physical abuse 0.302 0.623 0.681 

Gay-related childhood physical abuse 0.140 0.114 0.241 

Incarceration 0.036 0.078 0.091 

Gay-related physical 

assault/harassment 0.408 0.919 0.965 

Racism 0.088 0.295 0.529 

Homelessness 0.086 0.158 0.246 

Intimate partner violence 0.140 0.361 0.482 

Depression 0.052 0.154 0.241 

Internalized homophobia 0.286 0.345 0.520 

Polydrug use (general) 0.198 0.259 0.176 

Polydrug use (sex/party) 0.025 0.025 0.019 

Tobacco 0.407 0.488 0.432 

Table B.3.3 3-class model 

 

  Class 1 Class 2 Class 3 Class 4 

Prevalence, N (%) 490 (33%) 283 (19%) 641 (43%) 79 (5%) 

Childhood sexual abuse 0.177 0.407 0.167 0.421 

Childhood physical abuse 0.323 0.779 0.381 0.634 

Gay-related childhood physical abuse 0.008 0.248 0.009 0.266 

Incarceration 0.05 0.161 0.018 0.015 

Gay-related physical 

assault/harassment 
0 0.878 1 0.973 

Racism 0.099 0.397 0.146 0.512 

Homelessness 0.105 0.254 0.069 0.219 

Intimate partner violence 0.155 0.485 0.188 0.465 

Depression 0.056 0.257 0.060 0.203 

Internalized homophobia 0.332 0.512 0.215 0.461 

Polydrug use (general) 0.175 0.279 0.242 0.121 

Polydrug use (sex/party) 0.026 0.039 0.018 0.022 

Tobacco 0.424 0.534 0.420 0.358 

Sexual Orientation-based 

Discrimination, Mean (SE) 

5.64 

(0.27) 
19.58 (1.74) 

11.94 

(0.62) 

37.62 

(2.40) 

Table B.3.4 4-class model 
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 Class 1 Class 2 Class 3 Class 4 Class 5 

Prevalence, N (%) 
476 (32%) 

263 

(18%) 

209 

(14%) 

83 

(6%) 
462 (31%) 

Childhood sexual abuse 0.175 0.422 0.191 0.416 0.162 

Childhood physical abuse 0.321 0.813 0.279 0.623 0.447 

Gay-related childhood physical 

abuse 
0.008 0.275 0 0.257 0.015 

Incarceration 0.052 0.175 0.017 0.016 0.019 

Gay-related physical 

assault/harassment 
0 0.877 0.886 0.972 0.991 

Racism 0.097 0.401 0.127 0.514 0.168 

Homelessness 0.106 0.257 0.1 0.223 0.062 

Intimate partner violence 0.144 0.499 0.312 0.467 0.134 

Depression 0.054 0.266 0.084 0.208 0.0054 

Internalized homophobia 0.335 0.528 0.219 0.461 0.227 

Polydrug use (general) 0.146 0.272 0.628 0.129 0.047 

Polydrug use (sex/party) 0.026 0.039 0.033 0.021 0.01 

Tobacco 0.399 0.542 0.829 0.364 0.209 

Sexual Orientation-based 

Discrimination, Mean (SE) 

5.41 

(0.29) 

19.55 

(2.35) 

11.65 

(1.58) 

37.35 

(3.38) 

12.37 

(0.99) 

Table B.3.5 5-class model 
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 Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 

Prevalence, N (%) 
185 (12%) 

427 

(29%) 
54 (4%) 

215 

(14%) 

470 

(31%) 
142 (10%) 

Childhood sexual abuse 0.497 0.165 0.524 0.214 0.174 0.196 

Childhood physical 

abuse 
1 0.445 0.747 0.299 0.32 0.403 

Gay-related childhood 

physical abuse 
0.419 0.015 0.389 0 0.007 0 

Incarceration 0.212 0.019 0 0.021 0.053 0.065 

Gay-related physical 

assault/harassment 
0.872 1 1 0.874 0 0.891 

Racism 0.396 0.157 0.493 0.14 0.097 0.394 

Homelessness 0.241 0.064 0.264 0.103 0.106 0.198 

Intimate partner 

violence 
0.517 0.128 0.536 0.331 0.142 0.347 

Depression 0.25 0.053 0.219 0.097 0.052 0.205 

Internalized 

homophobia 
0.539 0.23 0.48 0.245 0.333 0.384 

Polydrug use (general) 0.255 0.063 0.128 0.605 0.143 0.194 

Polydrug use (sex/party) 0.051 0.012 0.035 0.035 0.027 0 

Tobacco 0.528 0.19 0.398 0.852 0.394 0.439 

Sexual Orientation-

based Discrimination, 

Mean (SE) 

18.57 

(1.12) 

11.37 

(0.62) 

40.56 

(1.78) 

11.41 

(0.88) 

5.25 

(0.25) 

25.05 

(2.02) 

Table B.3.6 6-class model 
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Appendix B.4: Logistic Regression of HIV-related sexual risk behaviors on latent class by HIV 

status, NYCM2M (N=1493) 

 

 5 or more sex partners a Any serodiscordant anal 

sex partner a 

Transactional sex a 

 HIV-

negative  

(N = 1092) 

aOR  

(95% CI) 

HIV-

positive or 

unknown 

status 

(N=411)  

aOR  

(95% CI) 

HIV-

negative  

(N = 1092) 

aOR  

(95% CI) 

HIV-

positive or 

unknown 

status 

(N=411)  

aOR (95% 

CI) 

HIV-

negative  

(N = 1092) 

aOR  

(95% CI) 

HIV-

positive or 

unknown 

status 

(N=411)  

aOR  

(95% CI) 

Low 

burden 

(N=811) 

Reference Reference Reference Reference Reference Reference 

Moderate 

burden 

(n=582) 

1.32  

(0.99, 1.76) 

1.27  

(0.82, 1.96) 

0.97  

(0.70, 1.33) 

0.73 

(0.42, 1.26) 

1.80 

(1.09, 2.99) 

2.23 

(1.08, 4.61) 

High 

burden 

(N=100) 

1.60  

(0.89, 2.85) 

0.72  

(0.34, 1.55) 

0.86 

(0.43, 1.74) 

1.06  

(0.46, 2.43) 

2.70  

(1.18, 6.17) 

2.59  

(0.91, 7.36) 

aControlling for age, race, education, employment, and annual household income 

 

 

 


