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INTRODUCTION

The modified Social Ecological Model situates explaining health outcomes among people 

living with HIV (PLWH) within the complex interplay of individual characteristics, social 

and sexual networks, neighborhood determinants, and public policies (1, 2). Neighborhood 

contexts have been increasingly recognized as drivers of health outcomes among PLWH 

(2–5). Neighborhood characteristics have been associated with a decreased frequency of 

HIV testing, late entry into care, lower CD4+ T cell (CD4) counts, lower adherence to 

antiretroviral therapy (ART) and engagement in care, increased HIV mortality, and more 

frequent risk behavior (6–12). Residing in a poor neighborhood is associated with increased 

risk of HIV mortality, more frequent behavior associated with HIV transmission (e.g., 

injection drug use and condomless sex), and lower CD4 counts (6, 8, 12).

Viral suppression, the ultimate goal of the HIV care cascade, provides individual and 

community-level benefits, including decreases in morbidity, mortality, and HIV transmission 

risk (13–16). Previous research has predominantly focused on the impact of individual-level 
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variables on viral suppression, such as age, education, and socioeconomic status. However, 

neighborhood factors should also be considered to better understand outcomes and potential 

areas of intervention. Latkin et al. suggests that neighborhoods impact HIV-related outcomes 

through differing risk environments, neighborhood disorder, collective efficacy, and social 

capital (1). Neighborhood economic disadvantage may increase risk of food insecurity, 

housing instability, and lack of social support, which have previously been linked to 

impaired viral suppression (17–19). These factors create structural vulnerabilities that may 

impede engagement in medical care and ART adherence, leading to poor viral suppression.

Studies on neighborhood characteristics and viral suppression have reached inconsistent 

conclusions and have largely been conducted in high-income countries (e.g., Canada, 

Italy, Switzerland, and the United States). Some studies, including in settings of universal 

healthcare, observed that achieving viral suppression was influenced by neighborhood 

factors, such as average education level, concentration of poverty, economic advantage, 

healthcare access, and unemployment (20–24). Others did not find neighborhood 

socioeconomic indicators as significant predictors of viral suppression (7, 12, 25, 26). The 

differing sociopolitical contexts, study populations, and neighborhood indicators nuance the 

interpretation of these studies as well as highlight the need to build on previous research.

Limited literature exists on the influence of neighborhood socioeconomic indicators on viral 

suppression in Brazil, a middle-income country, and other low- and middle-income countries 

(LMICs). Brazil has been a pioneer in universal access to HIV care and ART through 

enaction of its National AIDS Program in 1996 (27). Despite universal coverage, disparities 

still prevail in HIV outcomes, as being non-white and having a lower education status are 

associated with increased AIDS mortality, late presentation to care, not being on ART, and 

non-viral suppression (28–30). Pascom et al (2018) showed that municipality-level social 

vulnerability was related to late presentation to care and being on ART but not achieving 

viral suppression among PLWH followed by Brazil’s Unified Health System (Sistema 

Único de Saúde- SUS) in 2016 (29). However, municipal-level measures may conceal 

intra-metropolitan inequalities (31). A geospatial analysis of data from Rio de Janeiro, 

Brazil, observed that poorer census-tract socioeconomic indicators, such as illiteracy and 

low income, correlate with higher HIV mortality rates (32).

While the impact of neighborhood context on HIV outcomes is understudied in Rio de 

Janeiro, previous research has demonstrated that economically disadvantaged neighborhoods 

endure worse health and carry a disproportionate burden of disease (32–34). Embedded 

in an intricate history of structural violence and systemic marginalization as well as 

progressive movements and resilience, Rio de Janeiro is marked by vast social, health, 

and economic inequities. With a unique urban landscape, it contains Brazil’s largest 

comunidade (“community”, also known as favelas/morros/slums) population, which are 

informal settlements (35). Nearly a quarter of the population (22%) resides in over 

750 comunidades distributed throughout the city, including in high-income and affluent 

neighborhoods (36). While there is heterogeneity among the comunidades, as a whole, they 

experience larger infrastructural inequities, concentrated poverty, education gaps, and higher 

unemployment in comparison to other neighborhoods.
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The municipal human development index (MHDI) and social vulnerability index (SVI) 

are multidimensional scores of population-level development and socioeconomic indicators. 

The indices quantify neighborhood characteristics, such as education, unemployment, and 

poverty, which have previously been linked to viral suppression in other settings (20–24). 

Applying a socioecological lens and understanding the impact of neighborhood context 

on viral suppression may help to explain disparities and identify opportunities to support 

PLWH. As such, we sought to examine the association between individual characteristics, 

neighborhood socioeconomic indicators (MHDI and SVI), and viral suppression among 

PLWH initiating ART between 2000 and 2017 in the metropolitan region of Rio de Janeiro.

METHODS

Study Population

The HIV Clinical Cohort of the National Institute of Infectious Diseases (INI), at the 

Oswaldo Cruz Foundation (FIOCRUZ) was established in 1998 and includes all individuals 

who receive HIV care at the site. For this analysis, eligibility criteria included >18 years of 

age at the time of ART initiation, ART initiation between January 1, 2000 and December 31, 

2017, residence in the metropolitan region of Rio de Janeiro, and no report of prior injection 

drug use (IDU) (Supplementary Figure I). Exclusion criteria included: suppressed viral load 

(defined as HIV-1 RNA <400 copies/mL [to allow for assay variance over time] within the 

window of 365 days before and up to 7 days) at ART initiation and death within 90 days 

after ART initiation date.

Study Definitions

Outcome—Our outcome of interest was viral suppression at six months (or the closest 

result within a window of 90 to 270 days) after ART initiation date.

Individual Level Variables—Age at ART initiation was determined by calculating the 

time difference in years between the date of birth and date of ART initiation. Race 

classifications included White, Black and Mixed/Other (including unknown). Education was 

categorized into either less than/equal to or greater than eight years, which is equivalent 

to secondary school completion in Brazilian education system. Information on gender, 

sexual orientation and probable mode of HIV acquisition were jointly used to group the 

study population into: cisgender women; transgender women (TGW); cisgender MSM 

(cisgender men who have sex with men); heterosexual cisgender men (cisgender men who 

have sex with women); cisgender men with unknown mode of HIV acquisition (n= 153); 

and cisgender men with other modes of HIV acquisition (vertical transmission n=2, work 

accidents n=2, blood-borne n=6). Pre-treatment HIV viral load and CD4 count were defined 

as values recorded closest to the participant’s ART initiation date (with a window period 

of 365 days before and up to 30 days after). Pre-treatment opportunistic illnesses and 

tuberculosis (TB) were defined using the CDC AIDS Surveillance Case Definition 1993.

Geospatial Distribution and Neighborhood Level Socioeconomic Indicators—
The MHDI and SVI were employed as the neighborhood socioeconomic indicators. Studied 

in international and Brazilian settings, the MHDI is an adaptation of the global HDI 
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and a composite score of development with equal weights given to education, income, 

and life expectancy (31, 37–40). MHDI allows for comparison of development between 

local and national contexts. It ranges between zero and one, with values closer to one 

signifying higher development. The Atlas of Human Development in Brazil (ADHB) MHDI 

classification was adopted: very low to low (MHDI of 0– 0.599), medium (MHDI 0.600– 

0.699), high (MHDI of 0.700– 0.799), and very high (MHDI of 0.800–1.0). Provided by 

the Atlas of Social Vulnerability (ASV), the SVI was created to complement the MHDI. 

The SVI measures social vulnerability multidimensionally and contextualizes the Brazilian 

sociopolitical reality (36). The SVI is an index of 16 measures grouped into: human capital, 

urban infrastructure, and work and income. The index ranges between zero and one, with 

values closer to zero signifying the lowest social vulnerability. The ASV SVI classification 

was adopted: high- very high (SVI of 0.4– 1.0), medium (SVI of 0.3– 0.399), low (SVI of 

0.200– 0.299), and very low (SVI of 0–0.199). The MHDI and SVI are publicly accessible 

datasets downloaded from the ADBD and the Brazilian Institute of Geography and Statistics 

(Instituto Brasileiro de Geografia e Estatística; or IBGE) platforms, respectively. The 

territorial areas, population size, and population densities of the subdistricts were similarly 

obtained from the IBGE 2010 census (41).

We obtained the MHDI and SVI of participants’ neighborhoods. Participants’ 

neighborhoods were defined by the human developmental unit (HDU) of their residential 

addresses. The HDU is a sociodemographic homogeneous areas created by from the census 

sectors (31). The small spatial unit of analysis allows for capturing inequalities in intra-

metropolitan spaces. For example, the SVI and MHDI of slums (or comunidades) within 

high-income neighborhoods may by masked by aggregate municipal averages. Participants’ 

subdistricts were used as the area-level variable for our multilevel analysis. Subdistricts are 

administrative regions within the metropolitan area of Rio de Janeiro.

We used the freely accessible, geographic datasets developed by the IBGE to geocode 

participants’ residential addresses and obtain the latitude and longitude coordinates. The 

coordinates were then matched with their respective HDUs and subdistricts. For participants 

that started ART before and after 2005, the MHDI from the years 2000 and 2010 were 

used, respectively. We used R Software (version 3.6.2) to obtain the longitude and latitude 

coordinates from participants addresses and QGIS Coruna 3.10 to map coordinates and 

linking them to HDU-level data.

Statistical Analysis—Descriptive statistics of individual-level sociodemographic and 

clinical factors, and neighborhood-level socioeconomic indicators was performed for all 

participants and according to viral suppression at six months. Logistic regression and 

multilevel logistic regression models were used to assess factors associated with viral 

suppression (odds ratios [OR] and 95% confidence intervals [CI]). Multilevel analysis 

allows for intracorrelation coefficient (ICC) and accounts for contextual-level factors that 

may influence health outcomes (42–45). In our multilevel model, participants (level I) were 

nested within 50 subdistricts (level II). We constructed two multilevel logistic models: one 

with MHDI and another with SVI. Individual-level variables with p values ≤ 0.20 were 

used in the adjusted models and included: age, education, gender/sexual orientation/probable 
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mode of HIV acquisition, pre-treatment CD4 count and HIV viral load, and ART initiation 

year; race and pre-treatment TB diagnosis were forced into the models.

Four additional analyses were performed. First, given that six subdistricts had less than ten 

participants, we also estimated the multilevel logistic model excluding these subdistricts 

with model results remaining largely the same (Supplementary Table I). Second, we 

tested for interactions between neighborhood socioeconomic variables and participants’ age, 

education, race, and gender/exposure variables in the final multilevel models. However, all 

interactions were non-significant and results are not shown. Third, as a sensitivity analysis 

aiming to explore the impact of missing HIV viral load measurements at six months on viral 

suppression estimates, two alternative scenarios were constructed: a worst-case scenario 

where we classified all missing data as viral non-suppression and a best-case scenario where 

we classified all missing data as viral suppression. Finally, given that 27.3% (n=992) of 

all participants (n=3361) eligible for the baseline analysis were excluded due to a missing 

viral load at six months, we performed descriptive analysis of MHDI and SVI according to 

inclusion category, i.e. if included or not in the present analysis. All statistical analyses were 

performed using R Software (version 3.6.2) with the “dplyr”, “data.table”, “EpiDisplay”, 

“lme4”, “ggmap” and “sjstats” packages.

Ethics—The study was approved by the Institutional Review Board (IRB) of INI and 

received IRB exemption from UCLA. Written consent was obtained from all participants, 

and all personal information was de-identified.

RESULTS

Study Population and Individual Level Variables

Between January 1, 2000 and December 31, 2017, 3895 PLWH who initiated ART at 

INI and resided in the metropolitan region of Rio de Janeiro. Of these participants, 1256 

were excluded from the base analysis: 174 had a suppressed viral load at baseline, 90 died 

within 90 days of ART initiation, and 992 were missing viral load within 90 to 270 days 

of ART initiation (Supplementary Figure I). The final study population consisted of 2639 

participants.

Table I describes the individual- and neighborhood-level variables, stratified by viral 

suppression at six months. The participants had a median age of 34.9 years (interquartile 

range [IQR]: 28.4–42.8), 56.3% completed more than eight years of education, and 45.4% 

identified as White. The stratification according to gender, sexual orientation and probable 

mode of HIV acquisition were as follows: 29.2% cisgender women, 3.0% TGW, 38.6% 

cisgender MSM, 23.0% heterosexual cisgender men, and 6.1% cisgender men with other or 

unknown exposure risk. Approximately one third of participants (36.5%, n=963) had a pre-

treatment CD4 <200 cells/mm3, and 33.7% (n=890) had a viral load >100,000 copies/mL. 

The prevalence of pre-treatment opportunistic illnesses and TB were 29.3% (n= 772) and 

15.6% (n= 411), respectively.

Overall, 83.9% (n=2214) of the participants achieved viral suppression at six months 

(Table I). Prevalence of viral suppression in the cohort increased over time from 69.7% 
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among participants that initiated ART in 2000–2004 to 83.2%, 88.8%, and 85.0% among 

participants initiating ART in 2005–2008, 2009–2012, and 2013–2017, respectively. Viral 

suppression by ART initiation year is shown in Supplementary Figure II. In a sensitivity 

analysis exploring the impact of missing viral load values, viral suppression was 88.3% and 

61.0% when missing viral loads were counted as success and failures, respectively.

Geospatial Distribution and Neighborhood Level Socioeconomic Indicators

Participants lived in 50 subdistricts of the metropolitan region of Rio de Janeiro (Figure 

IA), with an average of 52.8 participants per subdistrict (Supplementary Table I). The 

metropolitan region of Rio de Janeiro occupies about 1,200 km2 with a population density 

of 5,326.8 people/km2. The mean territorial area per subdistrict is 140.33 km2, ranging from 

a minimum of 0.94 to a maximum of 956 km2. According to the 2010 census, the mean 

and median population of subdistricts are 221,680 and 158,230 people, respectively. The 

standard deviation is 21,410, with the maximum and minimum population sizes ranging 

from 3,359 to 997,941 people. Neighborhood socioeconomic indices varied among HDUs 

in Rio de Janeiro (Figures IB and IC). There were statistically significant demographic 

differences by neighborhood socioeconomic status: participants residing in neighborhoods 

with higher levels of development (high MHDIs) and low social vulnerability (low SVI) 

tended to identify as White, more educated, and cis-MSM (Table II). In our supplementary 

descriptive analysis, we found no statistically significant difference in MHDI (X2 statistic = 

2.56, 2df, p= 0.58) and SVI (X2 statistic= 1,17, 1df, p= 0.36) category distribution among 

participants included in the analysis and those who were excluded due to a missing viral 

load at six months (Supplementary Table II).

Participants residing in the city (66.5%, n= 1755) and greater metropolitan area (33.5%, n= 

884) had similar viral suppression levels of 83.5% and 84.9%, respectively. Participants with 

suppressed and detectable viral loads shared similar geospatial clustering patterns, with the 

greatest density around the INI site (Figure IA).

Viral Suppression and Associated Factors

Table III shows results from unadjusted logistic regression and adjusted multilevel logistic 

regression models of factors associated with viral suppression. In the unadjusted analysis, 

neighborhood MHDI and SVI did not impact participant viral suppression. Older age, >8 

years of education, and both cisgender MSM and heterosexual cisgender men, compared 

to cisgender women, were at increased odds of viral suppression at six months. Similarly, 

initiating ART after 2004 also increased the odds of viral suppression, while pre-treatment 

viral load ≥100,000 copies/mL was associated with decreased odds of viral suppression. 

Race, pre-treatment opportunistic illnesses, and pre-treatment TB were not significantly 

associated with viral suppression.

In the adjusted multilevel regression models that considered MHDI and SVI as covariates, 

neighborhood socioeconomic indicators again did not predict viral suppression. In the 

model with MHDI, participants residing in neighborhoods with medium (aOR 1.06, 95% 

CI 0.81–1.39) and very low-to-low (aOR 1.12, 95% CI 0.84–1.50) development did not have 

significantly different odds of viral suppression compared to participants in high-to-very 
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high MHDI neighborhoods. Similarly, with very low-to-low SVI as the reference group, 

residing in neighborhoods with medium (aOR 1.12, 95% CI 0.87–1.43) and high-to-very 

high (aOR 1.21, 95% CI 0.85–1.71) vulnerability did not have statistically different odds of 

viral suppression.

Initiating ART after 2004 had the strongest association with viral suppression in both 

multilevel models. In the MHDI model, participants that initiated ART after 2004 were 

significantly more likely to achieve viral suppression compared to participants initiating 

ART between the years 2000 and 2004: 2005–2008 (aOR 1.90, 95% CI 1.36–1.64), 2009–

2012 (aOR 2.89, 95% CI 2.06–4.04), and 2013–2016 (aOR 2.05, 95% CI 1.47–2.86). In the 

model with MHDI as a covariate, individual variables of older age (aOR 1.20, 95% CI 1.07–

1.34), >8 years of education (aOR 1.30, 95% CI 1.03–1.65), and cis-MSM (aOR 1.57, 95% 

CI 1.18–2.08) and heterosexual cisgender men (aOR 1.36, 95% CI 1.01–1.83), compared 

to cisgender women, were associated with greater odds of viral suppression. In contrast, 

unknown pre-treatment CD4 count (aOR 0.55, 95% CI 0.35–0.84) and pre-treatment viral 

load ≥100,000 copies/mL (aOR 0.74, 95% CI 0.56–0.97) were associated with decreased 

odds of viral suppression. The adjusted model with SVI demonstrated similar results for all 

variables.

Consistent with the findings listed above, the ICC in the multilevel analysis with MHDI and 

SVI as covariates were 0.004 and 0.005, respectively. These results suggest that participant 

characteristics were largely homogenous among the subdistricts, and that <1% of differences 

among participants are attributable to subdistrict-contextual factors.

DISCUSSION

In this study of PLWH in Rio de Janeiro, Brazil, we explored the impact of individual- and 

neighborhood-level characteristics on achieving viral suppression six months after initiating 

ART. Together, the multidimensional neighborhood indicators employed in the analysis 

encompassed education, life expectancy, income, urban infrastructure, and employment 

status. Our cohort achieved high levels of viral suppression in a setting with universal access 

to HIV care and ART. After adjusting for individual sociodemographic and HIV clinical 

variables, neighborhood disadvantage did not contribute to viral suppression at six months. 

Similar to other studies, individual characteristics such as age, education, gender/probable 

mode of HIV exposure, in addition to ART initiation year predicted viral suppression.

Of note, we observed sociodemographic differences by neighborhood socioeconomic status. 

Participants identifying as White, with higher levels of education, and as cis-MSM 

tended to reside in neighborhoods characterized by higher development and lower social 

vulnerability. However, achieving viral suppression remained uniform in neighborhoods 

of different socioeconomic statuses. Additionally, participants residing in the city and 

greater metropolitan area of Rio de Janeiro had similar viral suppression levels, which 

may indicate the benefit of geographic accessibility to the INI site. Participants with and 

without detectable viral loads were also similarly geospatially distributed, suggesting that 

geographic unit was not a determinant of viral suppression for the study population included 

in this analysis. The small ICC values in our multilevel models suggest that the participants 
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nested in each subdistrict had little variability in comparison to other subdistricts. The 369 

neighborhoods (barrios) comprising the 52 subdistricts of the metropolitan region of Rio de 

Janeiro have variability in their sociodemographic composition, infrastructure, and resource 

access, which may limit the ability to detect differences between the subdistricts. The 

neighborhood socioeconomic indices were linked to the census tracts participants resided 

in, which is the smallest geographic scale. However, though no significant differences were 

observed at the subdistrict level in our multilevel analysis, it is important to note that other 

spatial scales, either at higher or lower resolution, could lead to different findings.

The socioecological model proposes dynamic, interrelated levels of risk, including network, 

community, and policy factors, to characterize drivers of HIV-related outcomes. Our 

analysis focused on community-level economic disadvantage and included only participants 

receiving ART. The lack of association between viral suppression and neighborhood context 

in our study aligns with results from previous studies: Burke-Miller et al. (2018) employed 

a neighborhood risk-score (comprising of income, education, and unemployment) similar 

to our study and did not detect differences in viral suppression by adverse neighborhood 

socioeconomic context (7). In a study of HIV continuum of care among adults cared for 

within the Brazilian Unified Health System, Pascom et al. (2018) also did not observe a 

significant relationship between viral suppression and SVI of participants’ municipality, 

a larger geographic area of analysis. However, patients living in municipalities with high/

very high SVI had significantly increased odds of late presentation to care and not being 

on ART (29). Additionally, neighborhood poverty decreased odds of receiving ART but 

did not impact viral suppression in PLWH receiving ART through the Ryan White HIV/

AIDS Program in the United States (12). Positioning these results within a socioecological 

model, community-level economic disadvantage may impact presentation to care. Thus, 

participants’ engagement in care may have negated detection of differences between viral 

suppression and neighborhood economic disadvantage in our cohort. Future studies should 

evaluate the impact of neighborhood contextual factors on other endpoints of the care 

continuum such as HIV diagnosis, access and timely initiation of ART or clinical outcomes 

over longer follow-up. Additionally, cis-MSM had the greatest odds of achieving viral 

suppression in our gender and exposure variable, consistent with previous research (46). 

The neighborhood indices in our analyses do not capture social network data, such as 

social support, shared behavioral norms, and attitudes, which have been previously linked to 

health behaviors (47). Within the socioecological model, variations in social networks across 

different communities may drive attitudes and behaviors leading to medication adherence 

and better viral suppression outcomes (48).

Policy-level factors specific to the Brazilian context and likely to have substantially affected 

our analysis are universal access to HIV care and ART. While not directly measured in 

our analysis, larger structural policy factors may diminish the impact of neighborhood 

disadvantage. For example, in other low-income settings (e.g., Botswana, Zambia, Uganda, 

Kenya and South Africa), implementation of universal test and treat significantly augmented 

population-level suppression rates (49). Healthcare systems that provide integrated HIV 

care, such as the U.S. Department of Veteran Affairs Healthcare System (which largely 

serves a marginalized population) and Kaiser Permanente, have shown that their patients 
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experience better outcomes along the HIV care cascade, including higher levels of viral 

suppression, compared to the general U.S. population (50, 51).

In a separate analysis of the INI cohort, De Boni et al. found that SVI negatively impacted 

the odds of viral suppression at 12 months. The contrasting results may be explained by 

methodological differences: shorter timeframe 2014–2017, definition of viral suppression as 

<50 copies/mL compared to <400 copies/mL in our study population, and viral suppression 

outcome at 12 months compared to 6 in our study population. In other studies conducted 

in settings of universal HIV care, neighborhood disadvantage was associated with viral 

suppression only in the poorest-quintile neighborhoods, indicating a non-linear relationship 

of neighborhood poverty and viral suppression (7, 21). These studies also reported lower 

viral suppression levels of 74–76%, compared to 84% in our cohort. Higher levels of 

viral suppression in our cohort may have decreased the ability to detect neighborhood 

socioeconomic differences between participants with and without viral suppression.

Overall, the prevalence of viral suppression in our cohort was 84% and matches pooled 

estimate of 84% viral suppression at six months described in a meta-analysis of low-to-

middle-income countries (52). Reassuringly, viral suppression outcomes are improving, as 

an older analysis of the INI cohort demonstrated overall ART effectiveness of 77% among 

participants initiating ART between 2000 and 2010 (53). The improving results over time 

are promising and demonstrate the feasibility of reaching at least one of the UN 90-90-90 

targets of eliminating AIDS with 90% of people on ART achieving viral suppression (54). 

Integrated services may also positively facilitate care engagement and viral suppression in 

our cohort. In the present analysis, all participants received care at the INI site, the largest 

HIV care provider in Rio de Janeiro State. At INI, all participants receive primary, specialty, 

and tertiary care for HIV and, if present, for related co-morbidities. Furthermore, INI has 

its own laboratory infrastructure, facilitating laboratory monitoring, as well as a public 

pharmacy onsite. The quality-of-care echoes that of university hospitals and research-based 

health services of Brazil. In addition, it is located in the Southeast part of Brazil which is 

the region with most resources that has faced the HIV epidemic since the 1980s, so health 

professionals may be better informed and equipped to care for PLWH. All these factors may 

have acted synergistically to improve health outcomes in our cohort population.

Among individual-level variables, calendar year of ART initiation had the strongest 

association with viral suppression. Viral suppression improved from 69.8% to 90% among 

participants initiating ART in the years 2000 to 2004 and 2017 to 2018, respectively. 

This change is reflective of the simpler, more tolerable, and increasingly effective first-line 

ART regimens that have been introduced over time (53, 55). In 2014, Brazil adopted the 

universal test-and-treat policy, in which ART was prescribed to all PLWH regardless of CD4 

count, and changed its first-line regimen to a single pill of tenofovir (TDF) + lamivudine 

(3TC) + efavirenz, potentially improving adherence (27). Of note, although INSTIs like 

Dolutegravir are currently available in Brazil, our cohort initiated ART before dolutegravir 

became available to ART-naïve patients.

We also identified individual-level disparities associated with viral suppression based 

on age, education, and gender/probable mode of HIV exposure. Higher odds of viral 
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suppression were observed among cisgender MSM and heterosexual cisgender men 

compared to cisgender women. This pattern was also shown in older analyses of the INI 

cohort, suggesting that despite changes and improvements to first line regimens, women 

still lag behind men in virologic control (53, 56). Other studies in Brazil have observed 

that women reported lower ART adherence than men(57, 58). Some research suggests that 

women experience more ART-related toxicities, which may increase ART discontinuation 

and thus lead to poor viral suppression rates (59, 60). However, there have been mixed 

results in other contexts, with some studies showing women have increased likelihood of 

viral suppression and others reporting the opposite (61–63). These differing conclusions 

emphasize the complexity of gender dynamics, discrimination, access to HIV care in 

different cultural contexts, and heterogeneity in cohort demographics and ART regimens, 

making the findings challenging to generalize. In this situation, it is paramount to consider 

the complex psychosocial needs and social vulnerabilities of the women included in this 

cohort. Women living with HIV in the INI cohort have a high prevalence of lifetime history 

of physical violence (31%), unemployment (52%), and no secondary education (54%) (64). 

Women receiving HIV care at INI site also reported a lower health-related quality of life 

compared to heterosexual men (65). These factors may impair opportunities for engagement 

in care, ART adherence, and viral suppression.

Older age, particularly age >50 years, and higher levels of education were found to be 

protective in achieving viral suppression in this cohort of people living with HIV and in 

other contexts (29, 46, 66–69). Younger age has been shown to be associated with decreased 

adherence and retention in care, leading to lower likelihood of achieving viral suppression 

(70, 71). For Brazil, these results are particularly concerning given the concurrent rise 

of AIDS cases by 53.2% among 15–19 and 10.3% among 20–24 year-olds between the 

years of 2004 and 2013(54). Additionally, higher education level may serve as a protective 

factor by increasing individual effective agency, financial resources, health literacy, access to 

information, and social support (72–74). All in all, results from our cohort and other studies 

underscore the need to support younger, less educated populations and women in closing 

treatment gaps. A socioecological approach in research and interventions should identify and 

address health system, institutional, and contextual barriers.

Some limitations should be considered in the interpretations of this study. Nearly a quarter 

of participants eligible for the present analysis were excluded due to a missing viral load. 

However, our supplementary analysis did not reveal statistically significant differences of 

neighborhood socioeconomic status among included and excluded participants. Although 

high levels of viral suppression are encouraging, they do not account for participants with 

early mortality and missing viral loads. Participants with missing viral loads may also 

experience higher structural barriers to accessing care and ART, which has previously been 

linked to neighborhood disadvantage, and may have affected our results. When classifying 

participants with missing viral loads as non-suppressed, the estimated prevalence of viral 

suppression in our cohort decreases to 61.0%. Intention-to-treat analyses of virologic 

outcomes in low-to-middle-income countries, which counted loss to follow-up, mortality, 

and stopping ART as non-suppression, demonstrated a similar drop in viral suppression from 

84.0% to 74.7% (52). Results from our cohort and systematic reviews of LMICs emphasize 
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that individuals temporarily or permanently lost to follow up should be prioritized in future 

research (52).

Furthermore, it is important to consider the representativeness of our study population to that 

of adults living with HIV in Rio de Janeiro State. Our study is based on a single-center and 

individuals participating in the HIV Clinical cohort tended to have their residences clustered 

around the INI site, which may limit generalizability of our findings. As an academic 

research center, INI provides comprehensive primary, secondary, and tertiary HIV care to 

patients. Our outcomes may be more comparable to other populations who receive care in 

research-based treatment centers. Nonetheless, Brazil’s universal treatment policy coupled 

and free access to HIV care has resulted in high percentages of viral suppression with 84% 

and 85% of those living with HIV on ART achieving viral suppression in the city and state 

of Rio de Janeiro, respectively, similar to the viral suppression outcomes in our cohort. 

However, as seen in the MHDI and SVI geospatial distributions in our cohort, there was 

variability and diversity in our participant pool. Additionally, the median neighborhood SVI 

of 0.301 and MHDI of 0.683 in our cohort, are comparable to that of the metropolitan 

region of Rio de Janeiro, which had an SVI of 0.319 and MHDI of 0.771 in 2010 (31, 36). 

Moreover, we employed objective neighborhood indicators. Participants’ lived experiences 

and perspectives of neighborhood disorder, stigma, social cohesion, and safety may drive 

healthcare access and outcomes not captured by MHDI and SVI. Additionally, research 

suggests that neighborhood socioeconomic disadvantage negatively impacts sustained but 

not initial viral suppression after HIV diagnosis (75). Thus, our cohort analysis might not 

fully portray the longitudinal impact of neighborhood context on viral suppression and 

opportunities to engage in care. Future analyses should consider longer follow-up periods 

for longitudinal outcomes as well as other neighborhood contextual factors.

CONCLUSIONS

In summary, high levels of viral suppression are achieved in a middle-income country 

with universal access to HIV care and treatment. Among this cohort of adults living with 

HIV, neighborhood socioeconomic indicators, as measured by level of development and 

vulnerability, did not impact viral suppression six months after ART initiation. Individual 

variables of older age, higher education, identifying as cis-MSM, and later calendar year of 

ART initiation were associated with improved viral suppression outcomes. Future studies 

should explore the impact of neighborhood variables on HIV outcomes longitudinally as 

well as along the HIV care continuum.
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Figure I. 
Geospatial distribution of participants and neighborhood socioeconomic context in the 

metropolitan region of Rio de Janeiro

Figure IA Distribution of participants with virologic and non-virologic suppression in the 

subdistricts of the metropolitan region of Rio de Janeiro

Figure IB Distribution of Municipal Human Development Index (MHDI) in the 

metropolitan region of Rio de Janeiro

Figure IC Distribution of Social Vulnerability Index (SVI) in the metropolitan region of Rio 

de
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Table I

Sociodemographics, HIV clinical characteristics, and neighborhood socioeconomic variables, stratified by 

virologic and non-virologic suppression

Virologic suppression Non-virologic suppression Total

n= 2214 (83.9%) n= 425 (16.1%) n= 2639 (100%)

Age at time of ART initiation (IQR) 35.0 (28.6, 43) 34.0 (27.4, 42.4) 34.9 (28.4, 42.8)

Age (years)

 <30 674 (30.4) 150 (35.3) 824 (31.2)

 30–40 790 (35.7) 148 (34.8) 938 (35.5)

 40–50 508 (22.9) 92 (21.6) 600 (22.7)

 >50 242 (10.9) 35 (8.2) 277 (10.5)

Race

 White 1011 (45.7) 188 (44.2) 1199 (45.4)

 Black 424 (19.2) 89 (20.9) 513 (19.4)

 Mixed/Unknown 779 (35.2) 148 (34.8) 927 (35.1)

Education level

 Less than 8 Years 922 (41.6) 212 (49.9) 1134 (43.0)

 More than 8 Years 1278 (57.7) 207 (48.7) 1485 (56.3)

 Unknown 14 (0.6) 6 (1.4) 20 (0.8)

Gender and exposure risk

 Cisgender women 616 (27.8) 155 (36.5) 771 (29.2)

 TGW 66 (3.0) 14 (3.3) 80 (3.0)

 Cis-MSM 889 (40.2) 130 (30.6) 1019 (38.6)

 Heterosexual cisgender men 515 (23.3) 93 (21.9) 608 (23.0)

 Cisgender men: other and unknown 128 (5.8) 33 (7.8) 161 (6.1)

Pre-treatment CD4 count (cells/mm3)

 <200 803 (36.3) 160 (37.6) 963 (36.5)

 200–350 608 (27.5) 88 (20.7) 696 (26.4)

 350–500 321 (14.5) 45 (10.6) 366 (13.8)

 >500 267 (12.1) 37 (8.7) 304 (11.5)

 Unknown 215 (9.7) 95 (22.4) 310 (11.7)

Pre-treatment log of viral load 11 (9.6, 12.2) 11.5 (10.1, 12.8) 11.1 (9.6, 12.3)

Pre-treatment viral load copies (copies/mL)

 <100,000 1123 (50.7) 157 (36.9) 1280 (48.5)

 ≥100,000 740 (33.4) 150 (35.3) 890 (33.7)

 Unknown 351 (15.9) 118 (27.8) 469 (17.8)

Opportunistic illness

 No 1567 (70.8) 300 (70.6) 1867 (70.7)

 Yes 647 (29.2) 125 (29.4) 772 (29.3)

TB

 No 1867 (84.3) 361 (84.9) 2278 (84.4)

 Yes 347 (15.7) 64 (15.1) 411 (15.6)
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Virologic suppression Non-virologic suppression Total

n= 2214 (83.9%) n= 425 (16.1%) n= 2639 (100%)

ART initiation year

 2000–2004 226 (10.2) 98 (23.1) 324 (12.3)

 2005– 2008 521 (23.5) 105 (24.7) 626 (23.7)

 2009– 2012 728 (32.9) 92 (21.6) 820 (31.1)

 2013– 2017 652 (33.4) 130 (30.6) 869 (32.9)

MHDI (IQR) 0.684 (0.587, 0.754) 0.683 (0.589, 0.766) 0.683 (0.587, 0.758)

MHDI category

 High- Very High 958 (43.3) 180 (42.4) 1138 (43.1)

 Medium 635 (28.7) 126 (29.6) 761 (28.8)

 Very low- low 621 (28.0) 119 (28.0) 740 (28.0)

SVI median (IQR) 0.301 (0.226,0.363) 0.298 (0.223, 0.362) 0.301 (0.226, 0.362)

SVI category

 Low- Very Low 1101 (49.9) 213 (50.1) 1314 (49.9)

 Medium 785 (35.6) 153 (36.0) 938 (35.6)

 High- Very High 59 (13.9) 59 (13.9) 380 (14.4)
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Table III

Unadjusted logistic regression models and adjusted multilevel adjusted logistic regression model for VS

Model 1: MHDI Model 2: SVI

Unadjusted OR 
(95% CI)

Wald 
test z 
value

P-value Adjusted 
OR (95% 
CI)

Wald 
test z 
value

P-value Adjusted 
OR (95% 
CI)

Wald 
test z 
value

P-value

Age at time of ART 
initiation (IQR)

1.14 (1.02, 1.26) 2.41 0.02 1.20 (1.07, 
1.34)

3.19 0.001 1.20 (1.08, 
1.34)

3.22 0.001

Age Category (years)

 <30 Ref Ref Ref

 30–40 1.19 (0.93, 1.52) 1.35 0.18

 40–50 1.23 (0.92, 1.63) 1.42 0.16

 >50 1.54 (1.04, 2.29) 2.13 0.03

Race

 White Ref Ref Ref Ref Ref Ref Ref Ref Ref

 Black 0.87 (0.67, 1.17) −0.86 0.39 0.90 (0.67, 
1.20)

−0.72 0.47 0.89 (0.67, 
1.20)

−0.75 0.45

 Mixed/Unknown 0.98 (0.77, 1.24) −0.17 0.86 0.96 (0.74, 
1.23)

−0.36 0.72 0.96 (0.74, 
1.23)

−0.35 0.73

Education

 Less than 8 Years Ref Ref Ref Ref Ref Ref Ref Ref Ref

 More than 8 Years 1.42 (1.15, 1.75) 3.28 0.001 1.30 (1.03, 
1.65)

2.21 0.03 1.31 (1.04, 
1.66)

2.27 0.02

 Unknown -- -- --

Gender and 
exposure risk

 Cisgender women Ref Ref Ref Ref Ref Ref Ref Ref Ref

 TGW 1.19 (0.65, 2.17) 0.55 0.58 1.24 (0.66, 
2.33)

0.66 0.51 1.26 (0.67, 
2.37)

0.70 0.48

 Cis-MSM 1.72 (1.33, 2.21) 4.18 <0.0001 1.57 (1.18, 
2.08)

3.12 0.002 1.58 (1.19, 
2.09)

3.16 0.002

 Heterosexual 
cisgender men

1.39 (1.05, 1.85) 2.30 0.02 1.36 (1.01, 
1.83)

2.02 0.04 1.37 (1.01, 
1.84)

2.05 0.04

 Cisgender men: 
other and unknown

0.98 (0.64, 1.49) −0.11 0.91 1.08 (0.68, 
1.71)

0.33 0.74 1.07 (0.68, 
1.70)

0.30 0.76

Pre-treatment CD4 
count (cells/mm3)

 <200 Ref Ref Ref Ref Ref Ref Ref Ref Ref

 200–350 1.38 (1.04, 1.82) 2.32 0.03 1.23 (0.91, 
1.67)

1.34 0.18 1.23 (0.91, 
1.67)

1.35 0.18

 350–500 1.42 (1.00, 2.03) 1.94 0.05 1.28 (0.86, 
1.90)

1.23 0.22 1.27 (0.85, 
1.88)

1.17 0.24

 >500 1.44 (0.98, 2.11) 1.86 0.06 1.33 (0.86, 
2.05)

1.29 0.20 1.34 (0.87, 
2.06)

1.31 0.19

 Unknown 0.45 (0.34, 0.61) −5.29 <0.0001 0.55 (0.35, 
0.84)

−2.76 0.006 0.54 (0.35, 
0.84)

−2.77 0.006

Pre-treatment viral 
load (copies/mL)

 <100,000 Ref Ref Ref Ref Ref Ref Ref Ref Ref
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Model 1: MHDI Model 2: SVI

Unadjusted OR 
(95% CI)

Wald 
test z 
value

P-value Adjusted 
OR (95% 
CI)

Wald 
test z 
value

P-value Adjusted 
OR (95% 
CI)

Wald 
test z 
value

P-value

 ≥100,000 0.69 (0.54, 0.88) −3.00 0.003 0.74 (0.56, 
0.97)

−2.19 0.03 0.74 (0.56, 
0.97)

−2.17 0.03

 Unknown 0.42 (0.32, 0.54) −6.44 <0.0001 0.78 (0.52, 
1.18)

−1.18 0.24 0.78 (0.52 
1.17)

−1.18 0.24

Opportunistic illness

 No Ref Ref Ref

 Yes 0.99 (0.79, 1.25) −0.08 0.94

TB

 No Ref Ref Ref Ref Ref Ref Ref Ref Ref

 Yes 1.05 (0.79, 1.40) 0.32 0.75 1.20 (0.87, 
1.65)

1.13 0.26 1.20 (0.87, 
1.64)

1.18 0.26

ART initiation year

 2000–2004 Ref Ref Ref Ref Ref Ref Ref Ref Ref

 2005– 2008 2.15 (1.57, 2.95) 4.75 <0.0001 1.90 (1.36, 
2.64)

3.79 <0.0001 1.89 (1.36, 
2.63)

3.75 <0.001

 2009– 2012 3.43 (2.49, 4.73) 7.52 <0.0001 2.89 (2.06, 
4.04)

6.17 <0.0001 2.87 (2.05, 
4.02)

6.13 <0.001

 2013– 2016 2.47 (1.82, 3.33) 5.86 <0.0001 2.05 (1.47, 
2.86)

4.20 <0.0001 2.03 (1.45, 
2.84)

4.15 <0.001

MHDI (IQR) 0.72 (0.27, 1.87) −0.68 0.49

MHDI category

 High- Very High Ref Ref Ref Ref Ref Ref

 Medium 0.95 (0.74, 1.21) −0.43 0.67 1.06 (0.81, 
1.39)

0.41 0.68

 Very low- low 0.98 (0.76, 1.27) −0.15 0.88 1.12 (0.84, 
1.50)

0.77 0.44

SVI median (IQR) 1.71 (0.62, 4.61) 1.06 0.29

SVI category

 Very Low- Low Ref Ref Ref Ref Ref Ref

 Medium 0.99 (0.79, 1.25) −0.06 0.95 1.12 (0.87, 
1.43)

0.85 0.39

 High- Very High 1.05 (0.77, 1.44) 0.32 0.75 1.21 (0.85, 
1.71)

1.05 0.29

Intraclass 
Correlation 
Coefficient (ICC)

0.005 0.004
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