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Abstract

Identifying structural determinants affecting HIV outcomes is important for informing 

interventions across heterogeneous geographies. Longitudinal hierarchical generalized mixed-

effects models were used to quantify the associations between changes in certain structural-level 

factors on HIV care engagement, medication adherence, and viral suppression. Among women 

living with HIV in the WIHS, ten-unit increases in census-tract level proportions of 

unemployment, poverty, and lack of car ownership were inversely associated with viral 

suppression and medication adherence, while educational attainment and owner-occupied housing 

were positively associated with both outcomes. Notably, increased residential stability (aOR 5.68, 

95% CI: 2.93, 9.04) was positively associated with HIV care engagement, as were unemployment 

(aOR: 1.59, 95% CI: 1.57, 1.60), lack of car ownership (aOR 1.14, 95% CI: 1.13, 1.15), and 

female-headed households (aOR 1.23, 95% CI: 1.22, 1.23).. This underscores the importance of 

understanding neighborhood context, including factors that may not always be considered 

influential, in achieving optimal HIV-related outcomes.
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RESUMEN
La identificación de los determinantes estructurales que afectan los resultados del VIH es 

importante para informar las intervenciones en geografías heterogéneas. Se utilizaron modelos 

longitudinales jerárquicos generalizados de efectos mixtos para cuantificar las asociaciones entre 

los cambios en ciertos factores de nivel estructural en el compromiso con los cuidados del VIH, la 

adherencia a la medicación y la supresión viral. Entre las mujeres que viven con el VIH en el 

WIHS, los aumentos de diez unidades en la proporción de desempleo, pobreza y falta de 

propiedad del automóvil en el nivel del censo se asociaron inversamente con la supresión viral y la 

adherencia a la medicación, mientras que el logro educativo y la vivienda ocupada por el 

propietario se asociaron positivamente con ambos resultados, Notablemente, mayor estabilidad 

residencial (aOR 5.68, IC 95%: 2.93, 9.04) pero también desempleo (aOR: 1.59, IC 95%: 1.57, 

1.60), falta de propiedad del automóvil (aOR 1.14, IC 95%: 1.13, 1.15) y los hogares encabezados 

por mujeres (aOR 1.23, IC 95%: 1.22, 1.23) se asociaron positivamente con el compromiso con 

los cuidados del VIH. Esto subraya la importancia de comprender el contexto del vecindario, 

incluidos los factores que no siempre se pueden considerar influyentes, para lograr resultados 

óptimos relacionados con el VIH.
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INTRODUCTION

It is critical to optimize the care of people living with HIV at each step of the HIV care 

continuum, both for improving health of individuals living with HIV as well as controlling 

HIV transmission. Prior studies have highlighted several individual-level social determinants 

associated with suboptimal care engagement and medication adherence, including alcohol 

and illicit substance use, poverty, housing instability, and relationship status.(1–7) In 

addition, studies have pointed out the need to identify and address not only individual-level 

but also structural-level factors contributing to disparities among vulnerable 

sociodemographic subgroups at each step along the HIV continuum of care.(7, 8) Structural 

determinants of health are broadly defined as the social, physical, and economic 

environments that shape everyday circumstances and actions.(9, 10) Identifying structural 

determinants affecting HIV care is important for informing appropriate prevention and 

treatment interventions across heterogeneous geographies and communities.(10)

Much of the prior work on structural determinants has focused on their effects on risk 

behaviors and HIV acquisition, incidence, and prevalence.(8, 10–14) There have been fewer 

studies examining the associations of structural determinants with antiretroviral therapy 

(ART) adherence or HIV care engagement/retention.(8) Prior studies have explored several 

community-level factors that influence ART adherence, including economic disadvantage, 

neighborhood disorder, racial segregation, and social capital.(8, 15–18) However, findings 

are not always consistent or in the expected direction. For example, observed associations 

between neighborhood-level poverty and viral suppression have been inconsistent. Among 

studies that controlled for individual-level covariates, some showed an association between 
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poverty and poorer adherence or viral suppression, while others have counterintuitively 

shown that individuals in higher poverty areas have better outcomes than those in lower 

poverty areas.(8, 17, 19–21)

Most of these studies have been cross-sectional; the paucity of longitudinal explorations in 

this area has been identified as a significant gap in the current knowledge.(22) In addition, 

few of these studies have focused specifically on women living with HIV (WLWH). In a 

review of articles exploring gender differences in ART adherence between 2000 and 2011, 

female gender identity was shown to be predictive of poorer adherence.(23) The Women’s 

Interagency HIV Study (WIHS) is a multi-center cohort study that has observed WLWH and 

women at risk for HIV since the mid-1990s. This cohort provides a unique opportunity to 

understand the influence of structural factors on HIV care and treatment in WLWH across 

the United States (US). Among WIHS women enrolled in Chicago, poor quality built-

environment (defined as presence of trash and litter, poor building maintenance, little 

opportunity for walking, etc.) and racial segregation were two community-level factors 

associated with poor ART adherence after controlling for individual-level covariates.(24) 

Among WIHS women living in the South, Haley et al. showed that neighborhood 

characteristics were associated with sexual risk behaviors among both WLWH and women 

at risk for HIV. For example, greater social disorder was associated with less anal 

intercourse (odds ratio [OR] 0.63, 95% confidence interval [CI]: 0.43, 0.94) regardless of 

HIV status, perhaps indicating that women living in disordered neighborhoods perceived 

their partners to be riskier and thus were more reluctant to engage in certain sexual 

behaviors.(25)

As of 2014, the WIHS began to collect and centrally compile residential address information 

across the entire cohort. This study takes advantage of a unique opportunity to explore the 

influence of structural factors on HIV care engagement and medication adherence among 

WLWH in the US. We aimed to explore the longitudinal associations between core 

structural-level factors and HIV care engagement and medication adherence indicators 

among WIHS WLWH, controlling for individual-level covariates.

METHODS

Participant details

This study sample consists of WLWH in the WIHS cohort who were enrolled during the 

1994–1995, 2001–2002, 2011–2012, or 2013–2015 enrollment waves at one of 10 sites 

across the US (San Francisco/Bay Area, CA; Bronx/Manhattan, NY; Brooklyn, NY; 

Washington, DC; Chicago, IL; Chapel Hill, NC; Atlanta, GA; Miami, FL; Birmingham, AL; 

Jackson, MS].(26) Study visits for the WIHS occur semi-annually. Eligible women for this 

analysis were WLWH who attended a WIHS visit at least once between April 2015 and 

September 2017 (n=1,557, 91% of all WIHS WLWH seen at one or more visits in this time 

period). WIHS participants provided written informed consent and were compensated for 

their participation in the study. The WIHS protocol has been approved by the institutional 

review board at each study site and by the WIHS Executive Committee.
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Individual-level exposures

We included the following sociodemographic characteristics as covariates, as they were 

identified as important in previous literature: time-fixed age at baseline defined 

continuously, and time-varying employment status, annual household income, housing 

stability, health insurance status, and depression. We categorized age as <40 years, 40 - <50 

years, and ≥50 years. Household income was categorized as <$24,000 per year, ≥$24,000 

per year, and unknown/not reported. Current employment status was dichotomized. Housing 

status was categorized as “stable” if the participant reported living in their own house/

apartment, parent’s house, or someone else’s house/apartment, and “unstable” if the 

participant reported living in a shelter, jail, residential treatment center, an “other” place, or 

on the street. Health insurance status was categorized as whether the woman reported having 

any vs. no insurance coverage. A participant was considered to have symptoms indicative of 

depression if her score on the Center for Epidemiological Studies Depression (CES-D) Scale 

was ≥16, and “not depressed” if her score on the CES-D was ≤15.(27)

Structural-level exposures

Beginning in 2014, WIHS women were asked to provide written informed consent to allow 

the central collection of residential address information on an annual basis at one of their 

semi-annual visits. As of the time of data compilation for this analysis, 91% of WLWH 

within the WIHS had consented to have their address data collected and compiled centrally. 

Complete address information was sent to a central location at the University of North 

Carolina at Chapel Hill, where all addresses were geocoded using ArcGIS; latitude and 

longitude of addresses were matched to census block groups with each participant assigned a 

corresponding Federal Information Processing Standard (FIPS) code. By linking FIPS codes 

at the census tract-level to data from three consecutive versions of the 5-year American 

Community Survey (ACS), an ongoing general household survey administered by the US 

Census Bureau, we extracted census tract-level sociodemographic variables for each WIHS 

participant included in the analysis at each contributed time point. This allowed for the 

possibility that women could move locations between study visits.(28) Each WIHS visit 

interval that collected residential address information was linked to the 5-year ACS from the 

prior year to best represent the time-varying area-level context evident when the visit 

occurred (i.e., April 2015-September 2015, linked to the 2014 ACS; April 2016-September 

2016, linked to the 2015 ACS; and April 2017-September 2017, linked to the 2016 ACS).

Based on literature evidence showing associations with HIV care engagement and treatment, 

we evaluated the following structural measures: census-tract level education, poverty, vacant 

housing, unemployment, household income, household crowding, female-headed household, 

lack of car ownership, owner-occupied housing, and residential stability.(8, 16, 17) 

Education was defined as the percent of adults ≥25 years of age with a high school 

education/equivalent or greater. Poverty was defined as the percent of households living 

below the federal poverty line. Vacant housing was defined as the percent of housing units 

that were vacant in the census tract. Unemployment was defined as the percent of 

individuals ≥16 years of age that were in the labor force and were unemployed. Household 

income was defined as the median household income for the census tract. Household 

crowding was defined as the percent of houses with >1 person per room. Female-headed 
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household was defined as the percent of households with a female head with at least 1 child. 

Lack of car ownership was defined as the percent of households without access to a vehicle. 

Owner-occupied housing was defined as the percent of owner-occupied housing units. 

Residential stability was defined as the percent of households that had lived in the same 

housing unit one year prior.

Outcomes

The outcomes in this analysis were engagement in care, self-reported medication adherence, 

and achievement of HIV viral suppression. Outcomes were analyzed at the semi-annual 

visits at which address information was collected. Care engagement was defined as whether 

or not the individual reported having had at least 1 visit with their HIV care provider in the 

past six months. This definition was chosen as most consistent with what is tracked by the 

Centers of Disease Control and Prevention’s National HIV Surveillance System, although 

we acknowledge that many HIV care providers recommend different visit frequencies to 

their patients depending on individual circumstances.(29) Adherence was measured by a 

self-report question of how often an individual took their ART as prescribed over the past six 

months; those who reported not being on any HIV medications were excluded from this 

outcome.(30) Self-reported adherence was previously validated in the WIHS, and is 

frequently used in WIHS publications.(31) Although ≥95% adherence is considered optimal 

for clinical success, we felt that a cut off of ≥75% adherence was more appropriate for this 

analysis. Studies have shown that adherence of <75% substantially increases the risk for 

viral resistance. Given that our study focuses on structural-level effects of exposures on each 

outcome, we believe that identification of structural-level factors associated with moderate 

adherence or below would be most amenable to community-level interventions.(32) This 

approach aligns with other studies that have explored the effects of neighborhood factors on 

viral transmission risk, for which the cutoff of 1500 copies/mL is used.(33) Viral 

suppression at the individual level was defined as an HIV RNA not detected or below the 

lower limit of detection (20 copies/mL), conducted using COBAS TaqMan HIV-1 v2.0 (E. 

Hoffman-La Roche, Ltd.).

Analytic details

Descriptive statistics were used to show distributions of individual- and census tract-level 

characteristics for all eligible women. Among women who attended two or more visits at 

which outcomes were ascertained, a longitudinal hierarchical generalized mixed-effects 

model with a logit link and a random effect for slope and intercept to allow individual 

subject-level variation was used to quantify the association between a 10-unit change in each 

structural-level factor inserted as a fixed effect and each outcome, while controlling for the 

individual-level covariates outlined above. The models had three levels, with observations 

(level 1) nested within participants (level 2) that were nested within census tracts (level 3). 

All analysis was done using R version 3.5.1 with the lme4 and MASS packages.

RESULTS

At the time of entry into this analysis, participants (n=1,557) had a median age of 49 years 

(interquartile range [IQR]: 42, 55 years) (Table 1). Seventy-two percent (n=1,124) identified 
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as non-Hispanic Black, 11% (n=166) as non-Hispanic White, and 14% (n=219) as Hispanic. 

The majority were not employed (n=1,040, 67%) and 74% (n=1,149) had an annual 

household income of <$24,000. Based on location of residence at baseline, 38% (n=598) 

were from the Northeast, 36% (n=558) from the South, and 26% (n=401) from the Midwest 

or West. The majority (87%, n=1,356) reported having health insurance coverage. Eighty-

eight percent (n=1,375) lived in their own or parents’ home, and 8% (n=126) lived in 

someone else’s home. Approximately one-quarter (24%, n=380) lived alone, 26% (n=400) 

lived with children and other adults, and 38% (n=591) lived with other adults only. Weekly, 

those with children spent approximately 84 hours (IQR: 42, 112 hours) on childcare. Of the 

1,464 individuals who answered the question of adherence to ART as prescribed in the past 

six months at the baseline visit, 1,128 (77%) had ≥75% adherence, 213 (15%) had <75% 

adherence, and 123 (8%) were not taking their prescribed medication at all; those 123 were 

excluded from the adherence outcome analysis. The distributions of these characteristics 

remained nearly identical when restricting to women who attended two or more visits at 

which the outcomes were ascertained (Table 1).

In the neighborhoods in which all eligible women lived at the first point of residential 

address collection, a median of 81% (IQR: 72, 88) of adults had a high school education or 

more (Table 2). The percent of households living below the poverty line was 21.1% (IQR 

11.3, 32.1), and 12% (IQR: 8, 17) of individuals ≥16 years of age in the labor force were 

unemployed. Female-headed households comprised 65.5% (IQR: 55.5, 75.0) of households 

with at least 1 child, 4.7% (IQR: 2.1, 8.9) of houses were considered crowded, and 10.3% 

(IQR: 6.2, 16.2) of houses were vacant. 35.7% (IQR: 17.9, 57.0) of housing units were 

occupied by the owner, and 85.9% (IQR: 79.9, 91.1) of households had not moved in the 

past year. Of note, the means and IQRs of the neighborhood factors were not different when 

the data were stratified by women who had and had not successfully achieved each of the 

outcomes at each of the visits (data not shown).

Nearly 80% of women attended all three visits at which the outcomes were assessed (Table 

1); longitudinal associations between neighborhood characteristics and HIV care outcomes 

were assessed among the 1,431 (92%) women who attended two or more visits at which 

outcomes were ascertained. A total of 120 women (7.7%) moved between census tracts 

during the study period. There were several neighborhood-level factors significantly 

associated with measures of HIV care and treatment, even when controlling for important 

individual-level covariates. As expected, 10-unit increases in proportions of census tract 

residents with at least a high school level of education (adjusted odds ratio (aOR) 1.37, 95% 

confidence interval (CI): 1.08, 1.75) and housing units occupied by the owner (aOR 1.17, 

95% CI: 1.05, 1.31) were associated with increased odds of achieving viral suppression 

(Table 3). Increases in households living below the poverty line (aOR 0.72, 95% CI: 0.60, 

0.88), unemployment (aOR 0.63, 95% CI: 0.44, 0.89), female-headed households (aOR: 

0.84, 95% CI: 0.71, 0.99), and lack of car ownership (aOR 0.86, 95% CI: 0.77, 0.96) were 

inversely associated with viral suppression. Similarly, neighborhoods with increased 

education (aOR 4.84, 95% CI: 4.83, 4.84) and owner-occupied housing units (aOR 1.26, 

95% CI: 1.01, 1.56) were positively associated with ART adherence. Neighborhoods with 

increased poverty (aOR 0.52, 95% CI: 0.33, 0.79), unemployment (aOR 0.28, 95% CI: 0.11, 

Chandran et al. Page 6

AIDS Behav. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



0.71), and lack of car ownership (aOR: 0.85, 95% CI: 0.84, 0.86) were inversely associated 

with ART adherence.

Most structural-level factors were not significantly associated with engagement in HIV care 

in our population. Interestingly, however, increased unemployment (aOR 1.59, 95% CI: 

1.57, 1.60), female-headed households (aOR 1.23, 95% CI: 1.22, 1.23), and lack of car 

ownership (aOR: 1.14, 95% CI: 1.13, 1.15) were associated with increased HIV care 

engagement (Table 3).

DISCUSSION

Our analysis shows a longitudinal association between several structural factors and 

achievement of optimal HIV care and treatment outcomes among women in the WIHS. As 

highlighted in several studies, this underscores the importance of considering neighborhood 

context in assessing and achieving optimal HIV-related outcomes.(8, 10, 20) Viral load is the 

core biomarker used to monitor infection and assess patient prognosis amongst individuals 

living with HIV. Suppression of viral load to undetectable levels is important both for long-

term health outcomes in the individual and also for limiting HIV transmission in a 

community. Despite controlling for core individual sociodemographic characteristics, 

women living in neighborhoods with lower education, car ownership, or owner-occupied 

housing, as well as increased poverty, unemployment, or female-headed households were 

less likely to be virally suppressed. Not unexpectedly, achievement of adherence to ART was 

also influenced by increased education and owner-occupied housing, as well as decreased 

poverty, unemployment, and lack of car ownership. In order to effectively combat the HIV 

epidemic, these findings highlight the need to invest in neighborhood-level interventions 

designed to improve the social context of individuals living with HIV.

Interestingly, women had increased odds of being engaged in HIV care if they lived in 

neighborhoods with increased residential stability and higher proportions of female-headed 

households. This could be due to augmented social support networks existing for WLWH in 

those communities; increased perceived social support has been shown to be associated with 

increased ART adherence among women in the WIHS.(34) Unexpectedly, women living in 

neighborhoods with increased unemployment and lack of car ownership also had increased 

odds of HIV care engagement. This is in contrast to what might be expected given the 

extensive literature associating unemployment with poor health outcomes.(35) However, it is 

important to acknowledge that these women are by definition engaged with the healthcare 

system through being a part of this long-term cohort, and therefore represent a unique 

subsection of the general population of WLWH. In contrast, increased proportion of female-

headed households was associated with decreased odds of viral suppression, as was 

increased unemployment and other indicators of neighborhood disadvantage. This may 

reflect an increased level of challenge faced by women in these communities to maintain 

their health needs along with the needs of their households. These nuances need to be 

explored further in order to understand how these complex social contexts affect HIV health 

outcomes. As interventions are developed to combat structural barriers preventing optimal 

care among people living with HIV, structural factors that traditionally may not have been 

identified as influential should be identified and leveraged.
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It is critical to consider possible mechanisms by which neighborhood-level factors affect 

HIV health when exploring effective place-based interventions to improve health and well-

being among WLWH. Several conceptual models have been put forth to explain how 

neighborhood factors affect health and health equity, as well as the interplay between how 

the physical and social structures of a neighborhood both influence and are influenced by the 

individuals living there.(36, 37) Most of these models consider both physical environments 

(including exposures, access to resources, and aesthetics) as well as social environments 

(including violence/crime, cohesion/connections, and norms).(36) Prior work has suggested 

the influence of several of these factors, such as violent crime rates, as proximal drivers of 

other neighborhood structural conditions or as mediators or modifiers in the pathway 

between the structural conditions and HIV care outcomes.(10, 38) In applying these models 

specifically to the long-term needs of WLWH, it will be important to think about the 

development of multi-level interventions that address not only the needs of individual 

women but also promote the quality of the physical and social context in which these 

individuals live.(25)

This study has several limitations. First, our longitudinal analysis was limited to annual 

measures collected at semi-annual visits over a 3-year period due to limitations in available 

residential address information. Future studies looking at HIV-related outcomes in the WIHS 

may benefit from incorporating contextual information over a longer period of time, 

exploring regional differences, and investigating facility or clinic level differences across 

sites in different regions. Second, our measures of HIV care engagement and medication 

adherence were based on self-report. We used viral suppression as the only objective 

outcome measure, as objective measures of other steps in the HIV care cascade were not 

available. Third, there are additional important structural level factors that should be 

considered, such as rates of violent crime or social capital, that influence the effects of the 

above-mentioned structural factors on HIV care outcomes. Although including these 

measures was beyond the scope of this analysis, we acknowledge the importance of 

considering them in future work.

Individual-level interventions to optimize care for WLWH have been shown to be effective, 

but only to a certain extent. Identification of structural or neighborhood factors that affect 

HIV outcomes is a first and essential step in optimizing HIV care. Further work to continue 

to elucidate important structural factors, as well as to design and implement interventions 

targeting those factors, is essential to achieving HIV care engagement and treatment goals.

Conflicts of Interest and Sources of Funding

The authors have no conflicts of interest to report.

Data in this manuscript were collected by the Women’s Interagency HIV Study (U01-HL146193), now the MACS/
WIHS Combined Cohort Study (MWCCS). We acknowledge the time and effort of all participating women and 
their families.

The contents of this publication are solely the responsibility of the authors and do not represent the official views of 
the National Institutes of Health (NIH). MWCCS (Principal Investigators): Bronx CRS (Kathryn Anastos and 
Anjali Sharma), U01-HL146204; Brooklyn CRS (Deborah Gustafson and Tracey Wilson), U01-HL146202; Data 
Analysis and Coordination Center (Gypsyamber D’Souza, Stephen Gange and Elizabeth Golub), U01-HL146193; 
Chicago-Cook County CRS (Mardge Cohen and Audrey French), U01-HL146245; Connie Wofsy Women’s HIV 
Study, Northern California CRS (Bradley Aouizerat and Phyllis Tien), U01-HL146242; Metropolitan Washington 

Chandran et al. Page 8

AIDS Behav. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CRS (Seble Kassaye and Daniel Merenstein), U01-HL146205; UNC CRS (Adaora Adimora), U01-HL146194; 
Southern California WIHS (Joel Milam), U01-HD-032632 (WIHS I – WIHS IV). The MWCCS is funded primarily 
by the National Heart, Lung, and Blood Institute (NHLBI), with additional co-funding from the Eunice Kennedy 
Shriver National Institute Of Child Health & Human Development (NICHD), National Human Genome Research 
Institute (NHGRI), National Institute On Aging (NIA), National Institute Of Dental & Craniofacial Research 
(NIDCR), National Institute Of Allergy And Infectious Diseases (NIAID), National Institute Of Neurological 
Disorders And Stroke (NINDS), National Institute Of Mental Health (NIMH), National Institute On Drug Abuse 
(NIDA), National Institute Of Nursing Research (NINR), National Cancer Institute (NCI), National Institute on 
Alcohol Abuse and Alcoholism (NIAAA), National Institute on Deafness and Other Communication Disorders 
(NIDCD), National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK). MWCCS data collection is 
also supported by UL1TR000004 (UCSF CTSA), P30-AI-050409 (Atlanta CFAR), P30-AI-050410 (UNC CFAR), 
and P30-AI-027767 (UAB CFAR).

References

1. Mellins CA, Havens JF, McDonnell C, Lichtenstein C, Uldall K, Chesney M, et al. Adherence to 
antiretroviral medications and medical care in HIV-infected adults diagnosed with mental and 
substance abuse disorders. AIDS Care. 2009;21(2):168–77. [PubMed: 19229685] 

2. Chesney MA, Morin M, Sherr L. Adherence to HIV combination therapy. Soc Sci Med. 
2000;50(11):1599–605. [PubMed: 10795966] 

3. Aidala AA, Wilson MG, Shubert V, Gogolishvili D, Globerman J, Rueda S, et al. Housing Status, 
Medical Care, and Health Outcomes Among People Living With HIV/AIDS: A Systematic Review. 
Am J Public Health. 2016;106(1):e1–e23.

4. Azar MM, Springer SA, Meyer JP, Altice FL. A systematic review of the impact of alcohol use 
disorders on HIV treatment outcomes, adherence to antiretroviral therapy and health care utilization. 
Drug Alcohol Depend. 2010;112(3):178–93. [PubMed: 20705402] 

5. German D, Latkin CA. Social stability and HIV risk behavior: evaluating the role of accumulated 
vulnerability. AIDS Behav. 2012;16(1):168–78. [PubMed: 21259043] 

6. Siefried KJ, Mao L, Kerr S, Cysique LA, Gates TM, McAllister J, et al. Socioeconomic factors 
explain suboptimal adherence to antiretroviral therapy among HIV-infected Australian adults with 
viral suppression. PLoS One. 2017;12(4):e0174613. [PubMed: 28369066] 

7. Kalichman SC, Eaton L, Kalichman MO, Cherry C. Medication beliefs mediate the association 
between medical mistrust and antiretroviral adherence among African Americans living with HIV/
AIDS. J Health Psychol. 2017;22(3):269–79. [PubMed: 26311814] 

8. Kahana SY, Jenkins RA, Bruce D, Fernandez MI, Hightow-Weidman LB, Bauermeister JA, et al. 
Structural Determinants of Antiretroviral Therapy Use, HIV Care Attendance, and Viral 
Suppression among Adolescents and Young Adults Living with HIV. PLoS One. 
2016;11(4):e0151106. [PubMed: 27035905] 

9. Williams GH. The determinants of health: structure, context and agency. Sociology of Health and 
Illness. 2003;25:131–54. [PubMed: 14498934] 

10. Latkin CA, German D, Vlahov D, Galea S. Neighborhoods and HIV: a social ecological approach 
to prevention and care. Am Psychol. 2013;68(4):210–24. [PubMed: 23688089] 

11. Raymond HF, Chen YH, Syme SL, Catalano R, Hutson MA, McFarland W. The role of individual 
and neighborhood factors: HIV acquisition risk among high-risk populations in San Francisco. 
AIDS Behav. 2014;18(2):346–56. [PubMed: 23760633] 

12. Zierler S, Krieger N, Tang Y, Coady W, Siegfried E, DeMaria A, et al. Economic deprivation and 
AIDS incidence in Massachusetts. Am J Public Health. 2000;90(7):1064–73. [PubMed: 10897184] 

13. Friedman SR, Lieb S, Tempalski B, Cooper H, Keem M, Friedman R, et al. HIV among injection 
drug users in large US metropolitan areas, 1998. J Urban Health. 2005;82(3):434–45. [PubMed: 
16014877] 

14. Bauermeister JA, Zimmerman MA, Caldwell CH. Neighborhood disadvantage and changes in 
condom use among African American adolescents. J Urban Health. 2011;88(1):66–83. [PubMed: 
21161414] 

15. Fennie KP, Lutfi K, Maddox LM, Lieb S, Trepka MJ. Influence of residential segregation on 
survival after AIDS diagnosis among non-Hispanic blacks. Ann Epidemiol. 2015;25(2):113–9, 9 
e1. [PubMed: 25542342] 

Chandran et al. Page 9

AIDS Behav. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Surratt HL, Kurtz SP, Levi-Minzi MA, Chen M. Environmental Influences on HIV Medication 
Adherence: The Role of Neighborhood Disorder. Am J Public Health. 2015;105(8):1660–6. 
[PubMed: 26066966] 

17. Eberhart MG, Yehia BR, Hillier A, Voytek CD, Fiore DJ, Blank M, et al. Individual and 
community factors associated with geographic clusters of poor HIV care retention and poor viral 
suppression. J Acquir Immune Defic Syndr. 2015;69 Suppl 1:S37–43. [PubMed: 25867777] 

18. Ransome Y, Thurber KA, Swen M, Crawford ND, German D, Dean LT. Social capital and HIV/
AIDS in the United States: Knowledge, gaps, and future directions. SSM Popul Health. 
2018;5:73–85. [PubMed: 29892697] 

19. Beattie CM, Wiewel EW, Zhong Y, Brown PA, Braunstein SL, Pamela Farquhar X, et al. Multilevel 
Factors Associated with a Lack of Viral Suppression Among Persons Living with HIV in a 
Federally Funded Housing Program. AIDS Behav. 2019;23(3):784–91. [PubMed: 30680539] 

20. Shacham E, Lian M, Onen NF, Donovan M, Overton ET. Are neighborhood conditions associated 
with HIV management? HIV Med. 2013;14(10):624–32. [PubMed: 23890194] 

21. Rebeiro PF, Howe CJ, Rogers WB, Bebawy SS, Turner M, Kheshti A, et al. The relationship 
between adverse neighborhood socioeconomic context and HIV continuum of care outcomes in a 
diverse HIV clinic cohort in the Southern United States. AIDS Care. 2018;30(11):1426–34. 
[PubMed: 29678121] 

22. Arcaya MC, Tucker-Seeley RD, Kim R, Schnake-Mahl A, So M, Subramanian SV. Research on 
neighborhood effects on health in the United States: A systematic review of study characteristics. 
Soc Sci Med. 2016;168:16–29. [PubMed: 27637089] 

23. Puskas CM, Forrest JI, Parashar S, Salters KA, Cescon AM, Kaida A, et al. Women and 
vulnerability to HAART non-adherence: a literature review of treatment adherence by gender from 
2000 to 2011. Curr HIV/AIDS Rep. 2011;8(4):277–87. [PubMed: 21989672] 

24. Burke-Miller JK, Weber K, Cohn SE, Hershow RC, Sha BE, French AL, et al. Neighborhood 
community characteristics associated with HIV disease outcomes in a cohort of urban women 
living with HIV. AIDS Care. 2016;28(10):1274–9. [PubMed: 27098593] 

25. Haley DF, Haardorfer R, Kramer MR, Adimora AA, Wingood GM, Goswami ND, et al. 
Associations between neighborhood characteristics and sexual risk behaviors among HIV-infected 
and HIV-uninfected women in the southern United States. Ann Epidemiol. 2017;27(4):252–9 e1. 
[PubMed: 28476327] 

26. Adimora AA, Ramirez C, Benning L, Greenblatt RM, Kempf MC, Tien PC, et al. Cohort Profile: 
The Women’s Interagency HIV Study (WIHS). Int J Epidemiol. 2018;47(2):393–4i. [PubMed: 
29688497] 

27. Richardson J, Barkan S, Cohen M, Back S, FitzGerald G, Feldman J, et al. Experience and 
covariates of depressive symptoms among a cohort of HIV infected women. Soc Work Health 
Care. 2001;32(4):93–111. [PubMed: 11451159] 

28. U.S. Census Bureau. A Compass for Understanding and Using American Community Survey Data: 
What General Data Users Need to Know. Washington, D.C.: U.S. Government Printing Office; 
2008.

29. Centers for Disease Control and Prevention. HIV Surveillance Report, 2018 (Preliminary). Atlanta, 
GA: CDC; 2019.

30. Haubrich RH, Little SJ, Currier JS, Forthal DN, Kemper CA, Beall GN, et al. The value of patient-
reported adherence to antiretroviral therapy in predicting virologic and immunologic response. 
California Collaborative Treatment Group. AIDS. 1999;13(9):1099–107. [PubMed: 10397541] 

31. Wilson TE, Barron Y, Cohen M, Richardson J, Greenblatt R, Sacks HS, et al. Adherence to 
antiretroviral therapy and its association with sexual behavior in a national sample of women with 
human immunodeficiency virus. Clin Infect Dis. 2002;34(4):529–34. [PubMed: 11797182] 

32. Genberg BL, Wilson IB, Bangsberg DR, Arnsten J, Goggin K, Remien RH, et al. Patterns of 
antiretroviral therapy adherence and impact on HIV RNA among patients in North America. 
AIDS. 2012;26(11):1415–23. [PubMed: 22767342] 

33. Olatosi B, Weissman S, Zhang J, Chen S, Haider MR, Li X. Neighborhood Matters: Impact on 
Time Living with Detectable Viral Load for New Adult HIV Diagnoses in South Carolina. AIDS 
Behav. 2019.

Chandran et al. Page 10

AIDS Behav. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Chandran A, Benning L, Musci RJ, Wilson TE, Milam J, Adedimeji A, et al. The Longitudinal 
Association between Social Support on HIV Medication Adherence and Healthcare Utilization in 
the Women’s Interagency HIV Study. AIDS Behav. 2018.

35. Maruthappu M, Zhou C, Williams C, Zeltner T, Atun R. Unemployment and HIV mortality in the 
countries of the Organisation for Economic Co-operation and Development: 1981–2009. JRSM 
Open. 2017;8(7):2054270416685206.

36. Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci. 2010;1186:125–45. 
[PubMed: 20201871] 

37. Northridge ME, Sclar ED, Biswas P. Sorting out the connections between the built environment 
and health: a conceptual framework for navigating pathways and planning healthy cities. J Urban 
Health. 2003;80(4):556–68. [PubMed: 14709705] 

38. Walcott M, Kempf MC, Merlin JS, Turan JM. Structural community factors and sub-optimal 
engagement in HIV care among low-income women in the Deep South of the USA. Cult Health 
Sex. 2016;18(6):682–94. [PubMed: 26670722] 

Chandran et al. Page 11

AIDS Behav. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chandran et al. Page 12

Table 1:

Baseline characteristics of participating women living with HIV in the WIHS

All Eligible Women (N=1,557) Women with 2+ Outcome Visits 
(N=1,431)

Characteristic Number (%/IQR) Number (%/IQR)

Age in years (median, interquartile range [IQR]) 49 (42, 55) 49 (42, 55)

Race/Ethnicity

 Black, non-Hispanic 1,124 (72) 1,039 (73)

 Hispanic 219 (14) 200 (14)

 White, non-Hispanic 166 (11) 151 (11)

 Other, non-Hispanic 48 (3) 41 (3)

Region of WIHS Site

 Northeast 598 (38) 555 (39)

 Midwest/West 401 (26) 351 (25)

 South 558 (36) 525 (37)

Employed

 Yes 515 (33) 463 (33)

 No 1,040 (67) 943 (67)

Annual income

 ≤$12,000 788 (51) 721 (53)

 $12,001–$24,000 361 (23) 337 (25)

 $24,001–$36,000 162 (10) 149 (11)

 >$36,000 190 (12) 156 (11)

Health Insurance Coverage

 Yes 1,356 (87) 1,243 (87)

 No 201 (13) 188 (13)

Residence

 Own/Parents’ home 1,375 (88) 1,252 (89)

 Someone else’s home 126 (8) 108 (8)

 Other 53 (3) 45 (3)

Household composition

 Lives alone 380 (24) 342 (25)

 Lives with adults only 591 (38) 536 (39)

 Lives with adults and children 400 (26) 370 (27)

 Lives with children only 119 (8) 113 (8)

Hours devoted weekly to childcare among those with children 
(median, IQR)

84 (42, 112) 84 (42, 112)

Number of Outcome Ascertainment Visits

 1 126 (8) -

 2 289 (19) -

 3 1,142 (73) -

Medication adherence, previous six months
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All Eligible Women (N=1,557) Women with 2+ Outcome Visits 
(N=1,431)

Characteristic Number (%/IQR) Number (%/IQR)

 Took medications as prescribed ≥75% of time 1,128 (77) 1,108 (77)

 Took medications as prescribed <75% of time 213 (15) 203 (14)

 Not currently prescribed medications/Unknown 123 (8) 120 (8)

AIDS Behav. Author manuscript; available in PMC 2020 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chandran et al. Page 14

Table 2:

Census tract-level characteristics of residence at baseline* of participating women living with HIV in the 

WIHS (n=1,557)

Definition Median Inter-quartile Range [IQR]

Education % adults >25 years of age with high school diploma or equivalent 81.2 72.8, 88.2

Poverty Percent of households below poverty line 21.1 11.3, 32.1

Vacant housing % vacant housing 10.3 6.2, 16.2

Unemployment % ≥16 years of age that are in the labor force that are unemployed 12.3 8.3, 17.6

Household crowding % houses with >1 person per room 4.7 2.1, 8.9

Female-headed household % Female-headed households with at least 1 child 65.5 55.5, 75.0

Lack of car ownership % households without access to a vehicle 11.7 3.6, 38.4

Owner-occupied housing % Owner-occupied housing units 35.7 17.9, 57.0

Residential stability % Lived in same house 1 year ago 85.9 79.9, 91.1

*
Represents neighborhood characteristics of where women were living at the first point of residential address collection.
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Table 3:

Changes in the odds of HIV care engagement, antiretroviral adherence, and achievement of viral suppression 

associated with 10-unit changes in census tract-level social factors, while controlling for key individual-level 

determinants, among WLWH who attended two or more outcome ascertainment visits in the WIHS (N=1,431)

Structural-level factors**
HIV Care Engagement Adherence (≥75%) Viral suppression

aOR* (CI) aOR* (CI) aOR* (CI)

Education 2.40
(0.94, 6.11)

4.84
(4.83, 4.84)

1.37
(1.08, 1.75)

Poverty 1.25
(0.92, 1.68)

0.52
(0.33, 0.79)

0.72
(0.60, 0.88)

Vacant housing 1.01
(0.67, 1.52)

0.99
(0.51, 1.91)

0.75
(0.54, 1.04)

Unemployment 1.59
(1.57, 1.60)

0.28
(0.11, 0.71)

0.63
(0.44, 0.89)

Household crowding 1.41
(0.49, 4.10)

0.94
(0.32, 2.74)

0.70
(0.45, 1.08)

Female-headed household 1.23
(1.22, 1.23)

0.90
(0.65, 1.24)

0.84
(0.71, 0.99)

Lack of car ownership 1.14
(1.13, 1.15)

0.85
(0.84, 0.86)

0.86
(0.77, 0.96)

Owner-occupied housing 1.15
(0.90, 1.46)

1.26
(1.01, 1.56)

1.17
(1.05, 1.31)

Residential stability 5.68
(2.93, 9.04)

0.96
(0.54, 1.73)

0.93
(0.70, 1.24)

*
Adjusted for individual-level age, annual household income, employment, health insurance, employment, depression, and residential stability

**
Structural-level factors inserted into models individually as fixed effects
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