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ABSTRACT

Background Residential segregation is considered a
social determinant of health, but there is limited evidence
of its impact on tuberculosis (TB). We investigated the
associations between municipality-level income and
racial segregation and TB treatment outcomes in Brazil.
Methods We studied nationwide registries of new TB
cases between 1 January 2010 and 31 December 2019.
TB treatment was dichotomised as unfavourable (ie,

loss to follow-up, modification of treatment regimen,
treatment failure and death) and favourable (ie, cured/
treatment completion). We assessed individuals’
municipality-level income and racial segregation (ie,
dispersion of household heads earning <half versus
those earning >half minimum wage; and of household
heads identifying as black or brown/mixed race
(Pardo/a) versus white). Logistic regression adjusted

for sociodemographic and clinical variables was used

to estimate the OR of experiencing an unfavourable
treatment outcome associated with segregation overall
and by self-identified race/ethnicity.

Results Individuals living in highly economically and
racially segregated municipalities (fifth versus first
quintiles) were more likely to have an unfavourable

TB treatment outcome (income segregation: adjusted
OR 1.34(95% Cl 1.31 to 1.37); racial segregation:

1.13 (0.94 to 1.36)). Living in municipalities of higher
income segregation (third, fourth and fifth quintiles)
was associated with higher unfavourable TB treatment
outcomes in all self-identified racial groups (fifth quintile:
white 1.25 (0.96 to 1.64); black 1.42 (1.15 to 1.74);
brown/mixed 1.37 (1.20 to 1.56); Asian=1.30 (1.00 to
1.69) and Indigenous 1.37 (1.00 to 1.87)).
Conclusions Living in highly income and racially
segregated environments is associated with unfavourable
TB treatment outcomes for all self-identified races in
Brazil. TB programmes should account for segregation as
a barrier to TB treatment completion.

INTRODUCTION

Tuberculosis (TB) is a treatable and curable disease,
yet in 2023, it once again became the leading cause
of death from a single infectious agent globally.'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There has been previous research showing
that residential segregation is associated
with poorer health status in high-income (eg,
the USA) and in middle-income countries
(eg, Brazil), and evidence of segregation
is associated with higher incidences of
tuberculosis (TB) in the US context.

WHAT THIS STUDY ADDS

= This study has found new evidence that living in
municipalities with higher levels of income and
racial segregation is associated with a higher
risk of unfavourable TB treatment outcomes
in Brazil and that this is likely to be consistent
among individuals of different races/ethnicities.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides preliminary steps into
research on residential segregation and
TB health outcomes in Brazil. Residential
segregation should be considered as a barrier
to successful TB treatment outcomes, with TB

policies taking this into consideration.

More than 95% of TB deaths occur in low- and
middle-income countries, such as Brazil, where
individuals face higher risks of infection as well
as socioeconomic and structural barriers to access
treatment.” In 2021, Brazil' reported an overall TB
incidence rate of 48 cases per 100000 people,' and
a cure rate of 70%. The 12% treatment dropout
rate and 8% fatality rate are below the acceptable
rates set by the WHO’s 2022 target of =85% cure
rates and <5% treatment dropout.® *

TB incidence and treatment outcomes are
linked to inequalities and poor living conditions.’
Several studies have shown that socioeconomic
position, educational attainment, race and other
social markers are associated with unfavourable TB
outcomes.”™ It has been suggested that this is due
to increased barriers in accessing health services,
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affordable transportation to a health unit and/or time off work
to meet appointments.® Therefore, it is imperative to explore
the factors hampering TB treatment to reduce the burden of the
disease.

A hypothesised risk factor for TB adverse treatment outcomes
has been residential segregation, which is the uneven distribu-
tion of people within a specified geographical area based on
sociodemographic/cultural factors such as their income levels
or race.” Income segregation has resulted in affluent and low-
income individuals living in distinct areas with limited overlap,
which has implications for social mobility, resource access and
overall quality of life.'® Furthermore, a visible manifestation of
structural racism is racial segregation, which reinforces health
inequalities through poor housing and economic opportunities. '’

In Brazil, there have not been any explicit policies that have
created spatial segregation based on race, but historically, dispar-
ities in the concentration of economic and political power have
led to a disproportionate number of black Brazilians residing
in areas with less economic development.'*'* The income and
spatial segregation in Brazil are also reflected in the inequality
of educational, healthcare and transportation services, which are
poorer in favelas and more segregated municipalities."*

To better understand the relationship between income and
racial residential segregation and unfavourable TB treatment
outcomes, we used nationwide, administratively collected TB
registry data from Brazil from 2010 to 2019.

METHODS
Study design and study setting
We conducted a cohort study with all individuals newly diag-
nosed with TB in Brazil between 1 January 2010 and 31
December 2019. We used de-identified individual data derived
from Brazil’s nationwide Information System for Notifiable
Diseases (Sistema de Informacdo de Agravos de Notificacdo,
SINAN) on TB."

Brazil is a large country in Latin America, with an area of
8 510 417.77km? and a population of 203080756 based on
the 2022 population census.'® The population density is 23.86
inhabitants/km?* and Brazil has 5570 municipalities, with 87.4%
of people living in urban areas.'® The largest municipality is
Altamira, with an area of 159 533.31km* and a population
density of 0.79 inhabitants/km,” and the smallest municipality
is S?néta Cruz de Minas, with 3.56 km? and 2274.61 inhabitants/
km?.!

Data sources

We extracted data on clinical diagnosis and treatment follow-up
from SINAN-TB registries on 11 May 2023." All extracted
information was recorded on the TB notification form by
health professionals during a clinical visit for suspected TB and
included (1) sociodemographic factors such as self-identified
race/ethnicity, age, region of residence, whether the individual is
part of a TB prioritised group (ie, international migrants, persons
deprived of liberty, health professionals, persons experiencing
homelessness) and/or household receipt of government cash
transfer benefits (ie, Bolsa Familia); (2) behavioural information
on tobacco, alcohol and drug use; (3) comorbidities including
diabetes, HIV coinfection, mental health/cognitive develop-
mental conditions or other health conditions; (4) diagnostic and
treatment information on the TB case including results from
smear microscopy, X-rays, HIV testing, sputum culture, sensi-
tivity tests towards medications, histopathology, molecular rapid

TB tests and participation in directly observed therapy short
course (DOTS) and (5) TB treatment outcome.

We also extracted information on the Residential Segregation
Index, composite measures of income and racial segregation
in Brazil established using the dissimilarity index based on the
most recent available census data, the 2010 Brazilian Census.'®
Dissimilarity indices were calculated to measure the dispersion
of household heads earning <half minimum wage versus earning
>half minimum wage within a municipality, while racial segrega-
tion was measured by the dispersion of black and brown/mixed
(Pardo/a) household heads from white household heads within a
municipality. The Residential Segregation Index is a continuous
index with values on a 0 to 1 scale, with the maximum value of 1
representing more household segregation based on the race and
income characteristics of household heads.

Variables
Individuals with TB were linked to racial and income segrega-
tion data based on their municipality of residence. The variables
for income and racial segregation were categorised into quin-
tiles (online supplemental table 3, online supplemental figure
1A, online supplemental figure 1B). The first quintile represents
evenness between the social groups and little to no segregation,
and the fifth quintile represents the highest segregation between
the groups. The secondary exposure in the analysis was self-
identified race/ethnicity for individuals with TB in five catego-
ries (white, black, brown/mixed race, Asian and Indigenous).
Our main outcome was TB treatment outcome, which was
dichotomised into favourable outcomes (ie, cured/treatment
completion) or unfavourable treatment outcomes. Unfavourable
treatment outcomes included loss to follow-up from healthcare
unit, change in TB treatment regimen, treatment failure (defined
by SINAN as positive sputum smear or culture at 4 months or
for 2 consecutive months after the fourth month of TB treatment
initiation), mortality during TB treatment from any other cause
and mortality from TB.

Participants

Newly diagnosed cases of TB were individuals with TB notified
as a new case between 2010 and 2019, excluding relapses. We
excluded individuals (1) initially registered with TB but later
diagnosed with other non-TB diseases, (2) without known treat-
ment outcomes, (3) those who transferred to another healthcare
facility prior to treatment completion, (4) with drug-resistant TB
(TB-DR) recorded as the outcome as there was no indication
if TB-DR was primary or acquired during the course of treat-
ment. These individuals were excluded due to limited data on
covariates, which would increase the amount of missingness in
the study.

Analysis

Logistic regression models with clustered-robust SEs accounting
for the municipality of residence were conducted to explore the
relationship between each exposure of residential segregation
and unfavourable TB treatment outcomes. First, we attained the
association of residential segregation and treatment outcomes
using a minimally adjusted model with a priori factors, age and
sex, to provide an estimate that excludes adjustment for poten-
tial intermediates (online supplemental figure 2). Following
this, multivariate logistic regression models were fitted for each
exposure and fully adjusted for age, sex, education, experi-
encing homelessness, HIV, alcohol abuse, illicit drug use, tobacco
use, clinical form of TB, diabetes, mental health/cognitive
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884,065 patients were notified to
SINAN with tuberculosis disease
between Jan 1, 2010, and Dec 31, 2019

Merge SINAN with residential segregation index by residential municipality code

886,831 matched with income segregation index

581 not matched from SINAN

97 not matched from income segregation index
886,928 matched with racial segregation index

581 not matched with SINAN

163,199 excluded

65,227 recurrence of TB

63,058 return following loss to follow-up

28,052 transfer to another healthcare centre (ratamento = TB notification variable)
3,650 tuberculosis diagnosis following post-mortem

3,212 missing notification type

720,866 new cases of tuberculosis
notified to SINAN

64,050 excluded

3,550 change of diagnosis after TB registry

17,641 missing treatment outcomes

38,021 transferred to another healthcare centre ( situa_ence = treatment outcome variable)
4,495 drug-resistant tuberculosis recorded as outcome

343 remaining with missing residential segregation values

656,816 participants included with known treatment outcomes
525,239 with favourable outcome (80%)
131,577 with unfavourable outcome (20%)

Figure 1

developmental conditions and DOTS. The conceptual framework
by Maciel and Reis-Santos (2015) and current literature on TB
health outcomes were used to identify the potential confounding
variables above, as logistic regression analyses show that these
covariates were associated with TB treatment outcomes.” '’ The
missing indicator method was used for covariates with incom-
plete data. For each one of these, we identified whether there
was an association between the covariates with missing data and
either the exposures or outcome at a significance level of 0.05,
and therefore, missing not at random variables were included in
the analysis (online supplemental table 1). We also explored an
association between residential segregation and loss to follow-up
as a TB treatment outcome separately (online supplemental table
4). Lastly, we explored how racial/ethnic self-identification of
individuals with TB influences the relationship between residen-
tial segregation and treatment outcomes by including interaction
terms between both. Individuals racially identifying as Asian or
Indigenous were excluded from this analysis on interaction with
racial segregation, as the municipality base index only measures
racial segregation of black, brown/mixed race and white popu-
lations in Brazil. We used the likelihood ratio test to test for a
linear trend between TB health outcomes and income and racial
segregation quintiles. Likelihood ratio tests were used to analyse
the interaction between municipality-level household segre-
gation and race/ethnicity, and the stratum-specific ORs were
calculated. Analyses were conducted with the statistical software
STATA/SE V.17.0 (College Station, TX, USA).

RESULTS
We studied 656 816 newly diagnosed TB cases, of whom 20.0%
(131 577/656 816) had unfavourable treatment outcomes

Participant selection in our cohort. SINAN, Sistema de Informagdo de Agravos de Notificacdo; TB, tuberculosis.

(figure 1). TB cases mostly included individuals who were 18-39
years (n=315172, 48%), male (n=442363, 67.4%), identified
as brown/mixed race (n=297206, 45.3%), held a high school
level of education (n=180348, 32.5%) and lived in the South-
east region of Brazil (n=307901, 46.9%) (table 1).

The minimally adjusted analysis for a priori variables showed
evidence that living in municipalities with higher income segre-
gation (ie, third, fourth and fifth quintiles of higher segregation)
and higher racial segregation (fourth and fifth quintiles) lead to
higher odds of an unfavourable TB treatment outcome (table 2,
figure 2). After adjusting for sociodemographic and clinical
covariates, we found evidence that living in municipalities with
higher income segregation was associated with a higher likeli-
hood of experiencing an unfavourable TB outcome compared
with those living in municipalities with low segregation (third
quintile: OR 1.14 (95% CI 1.03 to 1.25); fourth quintile: 1.27
(1.08 to 1.50); fifth quintile: 1.34 (1.16 to 1.54)) (table 2). Simi-
larly, we found an association between racial segregation and
unfavourable TB outcomes, which were mainly concentrated in
those living in highly segregated municipalities (fourth quintile:
OR 1.18 (95% CI 1.02 to 1.37); fifth quintile: 1.13 (0.94 to
1.36)).

In the analyses stratified by race, we found higher levels of
segregation to have an impact on TB treatment outcome in all
self-identified racial groups (figure 2, online supplemental table
2). Associations by race/ethnicity were more evident and consis-
tent in the more segregated quintiles of income. Those living in
municipalities with the highest quintiles of income segregation
had overall higher odds of an unfavourable outcome compared
with individuals living in non-segregated municipalities (fifth
quintile for white: OR 1.25 (95% CI 0.96 to 1.64); fifth quintile
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Table 1 Baseline distribution of study sample and treatment

outcomes for TB patients in Brazil between 1 January 2010 to 31

Table 1 Continued

Favourable Unfavourable

December 2019 (n=656 816) N — O —

Favourable Unfavourable Covariates (n=656 81 6) n=525239 (o/o) n=131577 (%0) SD*

Covari 656816 0““20"‘2‘; o °“tc_:'“e - Extrapulmonary 73386 (14%) 16685 (12.7%)  —0.07

ovariates (n=656816) n=525239 (%)  n=131577 (%) D Pulmonary-+extrapulmonary 13534 (2.6%) 6523 (5%)

Socioeconomic and demographic Missing 6 (0%) 40 (0.03%)

Age (years) -0.16 Alcohol abuse 0.15
<17 35491 (6.8%) 4705 (3.6%) Yes 68426 (13%) 30484 (23.2%)
18-39 253541 (48.3%) 61631 (46.8%) No 420643 (80.1%) 88551 (67.3%)
40-64 190700 (36.3%) 48397 (36.8%) Missing 36170(69%) 12542 (9.5%)
=65 45462(8.7%) 16832 (12.8%) Tobacco use 0.04
Missing 45 (0.01%) 12 (0.01%) Yes 56709 (10.8%) 20041 (15.2%)

— iy No 258403 (49.2%) 56420 (42.9%)
Female 179552 (34.2%) 34857 (26.5%) Missing 210127 (40%) 55116 (41 .9%)
Male 345652 (65.8%) 96711 (73.5%) Ilicit drug use 0.07
Missing 35 (0.01%) 9 (0.01%) Yes 32410(62%) 16640 (12.7%)

izies —0bs No 281542 (53.6%) 59491 (45.2%)
White 177800 (36.5%) 39300 (32.6%) Missing 211287 (40.2%) 55446 (42.1%)
Black 62287 (12.8%) 18913 (15.7%) Mental health/cognitive developmental conditions -0.07
Asian 4119 (0.8%) 915 (0.8%) Yes 10377 (1 .9%) 3717 (2.8%)
Brown/mixed 236993 (48.6%) 60213 (50%) No 476282 (90.7%) 114205 (86.8%)
Indigenous 6250 (1.2%) 1054 (0.8%) Missing 38580 (7.4%) 13655 (10.4%)
Missing 37790 (7.19%) 11182 (8.50%) Diabetes ~0.09

T ] Yes 38824 (7.4%) 8769 (6.7%)

No education 21439 (41%) 6748 (5.1%) No 448061 (85.3%) 109504 (83.2%)

Primary school or less (<5 years 88468 (16.8%) 23859 (18.1%) Missing 38354 (7.3%) 13304 (10.1%)

of education) B

Junior high school (5-9 years of 122929 (23.4%) 32939 (25%) Initiating DOTS o1
unior hig y itk & Yes 198565 (37.8%) 38188 (29.0%)
education) = =

el sdios) (= Dy B o 155970 (29.7%) 24378 (18.5%) No JI0weD @iy B ety
education) Missing 215908 (41.1%) 62041 (47.2%)

Missing 136433 (25.9%) 43653 (33.2%) *SD is the standardised difference of the covariates distribution between individuals with

Region (residence) ~0.05 favoura.ble and unfavourable outcomes. . .

DOTS, directly observed therapy short course; SMD, standardised mean difference; TB,
North 59296 (113%) 13882 (10.6%) e
Northeast 132358 (25.2%) 32387 (24.6%)
Southeast 247911 (47.2%) 59990 (45.6%)
South 61661 (11.7%) 19020 (14.5%) for black: 1.42 (1.15 to 1.74); fifth quintile for brown: 1.37
Central west 24013 (4.6%) 6298 (4.8%) (1.20 to 1.56); fifth quintile for Asian: 1.30 (1.00 to 1.69); fifth
Missing 0 (0%) 0 (0%) quintile for Indigenous: 1.37 (1.00 to 1.87)).

Deprivation of liberty —0.06 An asspciation was glsg found between high levells of ichme
Yes 35437 (6.8%) 5500 (4.2%) segregation (fourth qulntll.e: 145 (1.42 to 149), fifth qu%nqle:
No 281387 (53.6%) 72775 (55.3%) 1.57 (1.53 to 1.61)) ?.I;dhhlgll’l r?llc1al segregation (fourth ql'n}rlltllle:
e 208415 (39.7%) 53302 (40.5%) 1.25 (1.22 to 1.28); fifth quintile: 1.%2 (1.19 to 1.25)) with loss

— to follow-up treatment outcome (online supplemental table 4).

Experiencing homelessness 0.05
Yes 4503 (0.9%) 5384 (4.1%) DISCUSSION
No 310584 (59.1%) 72539 (55.1%) T . L.

— In our study, we found that individuals with TB who live in areas
Missing 210152 (40%) 53654 (40.8%) . . . . . .
with higher levels of income or racial segregation are more likely

Government cash transfers -0.04 . .

to experience unfavourable TB outcomes compared with those

Yes 15191 (2.9%) 3440 (2.6%) living i ith 1 1 Is of . S ified lysi
TR T iving in areas with lower levels of segregation. Stratified analysis
N‘_J _ L Eni il by race indicated that living in the highest quintiles of income
Missing 362504 (69%) 89662 (68.1%) segregation increases the odds of unfavourable TB treatment for

Comorbidities and clinical characteristics all racial groups, which was 42% higher among black individuals

HIV and 37% higher among brown individuals. These findings align
Positive 35386 (6.7%) 25444 (19.3%) with the broader literature suggesting that areas with a larger
Negative 375483 (71.5%) 65171 (49.5%)  0.05 amount of racial or income segregation have increased disparities
Missing 114370 (21.8%) 40962 (31.1%) in health outcomes compared with areas with less segregation.?

Clinical form of TB Residential segregation is an established determinant of adverse

: 21-23 .
Pulmonary 438313 (83.5%) 108329 (82.3%) health outcomes in the USA cont;xt, such as TB anFl czl;romc
_ obstructive pulmonary disease,” COVID-19 mortality™ and
Continued gonorrhoea.”® When looking at TB, most research has focused
782 Hall Q, et al. J Epidemiol Community Health 2025;79:779-786. doi:10.1136/jech-2024-223465
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Table 2  Crude and multivariable logistic regression between household income and racial segregation, and TB treatment outcome (n=656816)

Residential segregation indices OR (95%Cl)* Adjusted OR (95% Cl)t
Income segregation (N, % unfavourable TB treatment outcomes)
<half minimum wage versus >half minimum wage First quintile 1.00 (base) 1.00 (base)
(23,608, 17.94%)
Second quintile 0.99 (0.90 to 1.09) 0.99 (0.91 to 1.08)
(23,637, 17.96%)
Third quintile 1.14(1.01 t0 1.29) 1.14 (1.03 to 1.25)
(26,534, 20.17%)
Fourth quintile 1.23 (1.09 to 1.38) 1.27 (1.08 to 1.50)
(29,305, 22.27%)
Fifth quintile 1.43(1.191t0 1.72) 1.34(1.16 to 1.54)

(28,493, 21.66%)
Racial segregation
Black and mixed/brown versus white First quintile
(24,753, 18.81%)

Second quintile
(24,699, 18.77%)

Third quintile
(25,256, 19.19%)

Fourth quintile
(28,207, 21.44%)
Fifth quintile
(28,662, 21.78%)

*Including a priori (age, sex).

1.00 (base) 1.00 (base)

1.00 (0.91 to 1.10) 1.01 (0.93t0 1.11)
1.02 (0.89t0 1.17) 0.97 (0.87 to 1.08)
1.17 (1.03 t0 1.33) 1.18(1.02 to 1.37)

1.24 (1.03 to 1.51) 1.13(0.94 to 1.36)

tAdjusted for age, sex, education, experiencing homelessness, HIV, alcohol abuse, illicit drug use, tobacco use, clinical form of TB, diabetes, mental health/cognitive developmental conditions

and DOTS.
DOTS, directly observed therapy short course; TB, tuberculosis.

on racial segregation and its association with TB incidence and
. 21 . . . .
transmission.” Studies have also found that in areas with higher
racial inequality, disparities in TB incidence and mortality are
more pronounced, with increased TB risk observed among

Household Segregation Index and

Race/ethnicity OR (95% Cl)

< minimum wage vs. >%

minimum wage (5% vs. 1%t quintile)

Overall == 1.43 (1.19,1.72) A priori
Overall 1.34 (1.16, 1.54)  Adjusted
White 1.34 (0.93,1.92) A priori
White 1.25(0.96, 1.64)  Adjusted
Mixed/Brown 1.47 (1.28,1.68)  Anpriori
Mixed/Brown 1.37 (1.20, 1.56) Adjusted
Black 1.54 (1.18, 2.00) A priori
Black 1.42 (1.15,1.74)  Adjusted
Asian 1.24 (0.95,1.62) A priori
Asian 1.30 (1.00, 1.69)  Adjusted
Indigenous 1.24 (0.89, 1.74) A priori
Indigenous 1.37(1.00, 1.87)  Adjusted
Black/Mixed/Brown vs. White

(5t vs. 15t quintile)

Overall 1.24 (1.03,1.51) A priori
Overall 1.13 (0.94, 1.36)  Adjusted
White 1.26 (0.90, 1.78) A priori
White 1.14 (0.88, 1.47)  Adjusted
Mixed/Brown 1.15(0.94,1.40) A priori
Mixed/Brown 1.06 (0.85,1.33)  Adjusted
Black 1.35(1.04,1.76) A priori
Black 1.21 (0.95,1.53)  Adjusted

Figure 2 Association between household segregation and
unfavourable TB treatment outcome stratified by individual’s race/
ethnicity (fifth versus first quintile) (n=656816). A priori analysis
included age and sex. Adjusted analysis included age, sex, education,
experiencing homelessness, HIV, alcohol abuse, illicit drug use, tobacco
use, clinical form of TB, diabetes, mental/cognitive developmental
conditions and DOTS. DOTS, directly observed therapy short course; TB,
tuberculosis.

immigrants, black and/or Hispanic individuals.”' * Furthermore,
a cross-sectional study on TB incidence in the state of Michigan
found evidence of black—white racial inequalities in TB incidence
rates, with higher rates among black individuals in Detroit.*’

Our findings also contribute to the emerging evidence
that segregation can also lead to poorer health outcomes in
Brazil.?’7* Segregation has been found to be linked to poorer
self-rated health across Brazilian cities—higher levels of income
segregation were associated with poorer health across all racial
groups, with stronger associations for black and brown indi-
viduals.?” In addition, individuals living in municipalities with
higher rates of income segregation were associated with up to
18% higher breast cancer mortality,” and up to 17% higher
COVID-19 mortality.” It is important to note that poverty can
also be used as a partial indicator of residential segregation in
Brazil, and poorer socioeconomic variables such as higher rates
of unemployment and household crowding in municipalities
have been found to be associated with higher TB incidence
rates.’® However, no studies on residential segregation and TB
were previously available from Brazil or Latin American coun-
tries due to the absence of a residential segregation measure. Our
findings, therefore, add to the body of evidence suggesting that
both income and racial residential segregation may contribute
to poorer TB treatment outcomes, especially among historically
racialised groups.

We hypothesise that segregation may contribute to unfavour-
able TB treatment outcomes due to barriers in accessing health
services and variations in the quality of care based on residential
location. Segregation perpetuates geographical manifestations of
inequality between different social groups in Brazil, reinforcing
sociospatial differences in access to health-based resources.”®
Previous qualitative studies have noted barriers to TB treatment
in various countries, such as Indonesia and Ghana, where it has
been reported that the main barriers to treatment completion
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were a lack of knowledge of the free-of-charge national TB
programme, inaccessibility to qualified TB care and long distance
to health services.”' ™

In most Brazilian cities, it was found that low-income and
black individuals experience poor access to healthcare facilities
due to geographical distance and dependence on public trans-
portation services.>* Additionally, Coube et al (2023) found that
unmet healthcare needs in Brazil (2013-2019) were concen-
trated among lower-income groups, primarily due to afford-
ability. Their analysis showed that dual coverage by wealthier
individuals (public and private) versus the poor’s reliance on
Brazilian Universal Healthcare System (SUS) alone has widened
health inequalities.®® In addition, geographical segregation also
perpetuates disparities in access to other social determinants
of health, such as education, employment and housing infra-
structure.’® The isolation of economically vulnerable people or
racially marginalised groups can also lead to disparate funding in
segregated municipalities, subsequently resulting in a reduction
of effective and high-quality public health services.'s

In light of our findings, decentralised TB treatment may
reduce access barriers. Although the Brazilian Ministry of Health
recommends decentralisation,®” studies have shown that TB care
remains centralised in some units in cities like Salvador and Joio
Pessoa. In Salvador and Recife, decentralisation to basic units
was associated with easier access to TB care, whereas in Joao
Pessoa, centralisation led to a slight increase in access difficulties
due to the magnitude of centralisation in the city.”® In addition,
housing policies like Minha Casa, Minha Vida have predom-
inantly been used to provide adequate housing, but can also
maintain or increase residential segregation and fail to improve
health outcomes.*” In Santa Cruz do Sul (South of Brazil), the
programme resulted in the movement of individuals out of
their familiar environments and creating accessibility barriers to
healthcare services due to longer travel distances or unfamiliarity
with healthcare services.”

This study is the first to investigate the role of income and
racial residential segregation on TB treatment outcomes in
Brazil, a disease highly associated with poverty and inequality.*
Using nationwide administrative data provided a large sample
size and power, allowing us to adjust for multiple potentially
confounding factors. However, our study has some limitations.
First, some of the available covariates, such as tobacco, drug
and alcohol use, are self-reported and may be under-reported
due to social desirability bias, although this is likely to be
non-differential across race/ethnicity and municipality of resi-
dence. Second, the analysis may also be subject to unmeasured
confounding, such as individual socioeconomic status (ie, income
level or job type), which is both related to segregation and can
impact access to TB treatment. It is also possible that some indi-
viduals with TB share several risk factors, and this could result in
overadjustment. However, many factors are intrinsically linked
to poverty and therefore included in the analysis. A minimally
adjusted analysis, which includes adjustment for age and sex
only, is included in order to show the total effect of segregation
on TB outcomes. Finally, we have included a missing indicator
analysis that is suggested to introduce bias. However, this is still
one of the best approaches for dealing with missing data when
data are not missing at random. Complete case analysis was not
used in the main analysis as eight covariates were missing more
than 20% of their data and because missing data were found to
be associated with both the exposure and outcome and, there-
fore, not missing at random. So, we need to be cautious with the
interpretation of the complete case analysis as this is not general-
isable to most people with TB (see online supplemental table 5).

Finally, it is important to note that the analyses exploring how
racial segregation interacts with self-identified race have limited
generalisability as the number of Asian and Indigenous people
with TB in our sample was low and, therefore, it is not possible
to conduct stratified analysis for these groups.

CONCLUSIONS

Our research suggests that higher residential income and racial
segregation are associated with unfavourable TB treatment
outcomes in Brazil, with a particularly higher risk among indi-
viduals living in the highest segregated municipalities. This
result provides a preliminary step in research on the nexus
between residential segregation and TB treatment outcomes.
This suggests that a structural approach is needed to improve
TB care by enhancing the quality and availability of health
services, expanding treatment facilities, and improving transport
infrastructure and service frequency to reduce geographic and
mobility-related barriers. Future research would benefit from
exploring the quality of healthcare services for TB in municipal-
ities with high income and racial segregation, as well as a more
thorough adjustment for possible confounding variables. With
TB remaining an important public health issue in Brazil, it is
important to understand the political, social and environmental
factors influencing treatment outcomes.
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