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1. An increase in treatment interruption was identified in the Central-West and North regions.
2. Relevant clusters were found in the Southeast region and Mato Grosso state.

3. Social vulnerability was associated with loss to follow-up in treatment.

4. Greater primary care coverage reduced treatment discontinuity.
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ABSTRACT

Objective: To analyze the spatial and temporal patterns and factors associated with
tuberculosis treatment interruEtion in Brazil from 2010 to 2020. Method: Ecological
study using geoprocessing. The Joinpoint method was used for temporal analysis.
Spatial autocorrelation and scan statistics identified clusters. Spatial and non-
spatial regression models, considering p < .05, detected factors associated with
the outcome. Results: A stationary trend in tuberculosis treatment interruption was
observed across the country, with increases in the Central-West and North regions.
Associated socioeconomic indicators included the Gini index, household density > 2,
retreatment rate, social vulnerability index, illiteracy rate, percentage of individuals
in extreme poverty, and Family Health Strategy coverage. Conclusion: Treatment
interruption showed a stationary trend. Spatial regression showed that socioeconomic
vulnerability indicators influence the outcome, positively or negatively, depending
on the region, which calls for intensified prevention and control eﬁ%rts In those
areas.
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INTRODUCTION

Tuberculosis (TB) is a compulsory-notification infectious disease caused by the
bacillus Mycobacterium tuberculosis, which presents in pulmonary and extrapulmonary
forms. This infection is both preventable and curable; however, it remains prevalent
under conditions of social vulnerability and contributes to the perpetuation of social
inequality'2.

According to the World Health Organization (WHO), an estimated 10.8 million
people fell ill with TB in 2023 and 1.25 million died worldwide. In the Americas,
approximately 900 new cases and 100 TB-related deaths occur daily, with Brazil being
one of the few high-burden countries in the region3*.

It should be highlighted that, in 2024, Brazil recorded more than 84,000 new cases
and an incidence rate of 39.7 cases per 100,000 inhabitants. The country also registered
6,025 deaths and a mortality rate of 2.8 deaths per 100,000 inhabitants®>. Compared
to 2023, incidence and mortality increased by 5% and 40%, respectively, indicating a
rising trend®.

Treatment interruption is one of the main obstacles to TB control and cure, as
it increases treatment costs, contributes to higher morbidity and mortality, promotes
relapse, and fosters drug resistance. Moreover, it reflects social and structural barriers,
revealing potential failures in prevention and treatment strategies, as well as deficiencies
in healthcare service delivery. In Brazil, treatment interruption is defined as a patient’s
absence from a health unit for more than 30 consecutive days after the scheduled
return date’.

In Brazil, anti-TB treatment is standardized, lasts six months, and is offered free of
charge by the Unified Health System (SUS). In 2023, 15.3% of new laboratory-confirmed
TB cases were closed as treatment interruption, more than double the 5.0% threshold
set by the End TB Strategy. The highest percentages occurred in the Southeast (15.6%)
and North (15.0%) regions, both above the national average (14.2%)°.

Although there is a growing number of studies on TB incidence and its implications
in certain Brazilian regions'?*’, few national studies apply an ecological approach to
examine associated factors. In this context, temporal and spatial studies are essential
for identifying clusters with high numbers of treatment interruption cases and
understanding the associated socioeconomic factors, thereby providing support for
guiding intervention strategies in the most affected territories. Accordingly, this study
aimed to analyze the spatial and temporal patterns and factors associated with TB
treatment interruption in Brazil from 2010 to 2020.

METHOD

This is an ecological study covering the municipalities of Brazil. The country
comprises 5,570 municipalities, 27 federative units, and five macro-regions (Northeast,
North, Central-West, Southeast, and South)?®

The study population included all TB treatment interruption cases reported in Brazil
from 2010 to 2020 in each municipality. The series was interrupted at 2020 because the
research was initiated in 2022 and, during data collection, it was observed that 2021
had a lower number of notifications, possibly related to incomplete consolidation of
notifications in the Notifiable Diseases Information System (SINAN) for the full year.
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The inclusion criteria were: the case must have been reported during the 2010-
2020 period and entered into the system during the analyzed period, according to the
municipality of residence, with the closure status variable showing the abandonment
category. The population at risk used in the denominator was that which was undergoing
TB treatment at the time of data collection. Cases with a closure status of death
were excluded, as were the following entry types: relapse, re-entry after treatment
interruption, and transfer.

Secondary data from SINAN for TB were used, compiled from the Department
of Health Informatics (DATASUS) website. Cases were stratified by sex (male; female),
age (0-19 years; 20-39 years; 40-59 years; = 60), education (in years of completed
schooling: none; 1-4; 5-8; 9-12; 12 or more), race/skin color (White; Yellow; Mixed-race
or Black; Indigenous), notification region (Southeast; Northeast; South; North; Central-
West), entry type (new case), disease form (pulmonary; extrapulmonary; pulmonary +
extrapulmonary), HIV and AIDS testing (yes; no), diabetes (yes; no), alcoholism (yes;
no), and mental illness (yes; no).

Sociodemographic variables of a categorical nature were described using absolute
and relative frequencies. Subsequently, for simple temporal analysis, the proportion
of cases year by year of TB treatment interruption was calculated for Brazil and its five
regions, according to the formula below:

TB treatment interruption rate = No. of TB treatment interruption cases x 100
No. of TB cases

For the temporal analysis, the Joinpoint Regression Program software version
4.6.0.0 was used, which tested whether one or more inflection points should be added
to the linear model using Monte Carlo permutation. The same software was used to
calculate the Annual Percentage Change (APC) and the Average Annual Percentage
Change (AAPC), considering a 95% confidence interval (95% Cl).

The APC is a statistical measure used to evaluate the temporal trend of a rate over
several years. It shows, on average, how much that rate increases or decreases per
year, in percentage terms. While the APC shows the annual variation within a specific
segment of the time series, the AAPC summarizes the entire period as a single value
through a weighted average, even when trend changes have occurred over the years.

The model was adjusted, considering zero (one segment) to two inflection points
(three segments), evaluating whether multiple segments better describe the trend than
a single line. In all models, first-order autocorrelation (AR = 1) of errors was assumed,
as health data exhibit temporal dependence.

Negative APC and AAPC values indicate a decreasing trend, while positive values
indicate an increasing trend. When there is no statistical significance (p > .05), the trend
is stationary. Each inflection point added to the model indicates a change in the linear
trend®.

The year of occurrence of TB treatment interruption cases was defined as the
independent variable, and the proportion of loss to follow-up among cases was defined
as the dependent variable, calculated by the software and standardized through
logarithmization.
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Forthe spatial analysis, the mean standardized rate of anti-TB treatment interruption
was calculated for each Brazilian municipality. Standardization adjusts for demographic
differences, allowing more precise comparisons10. To this end, the numerator consisted
of the number of new TB cases classified as dropout divided by the number of years
studied (11 years), divided by the population in the central year of the time series
(2015), and multiplied by 100. Based on this calculation, the dependent variable was
expressed as a percentage (%), since the values were calculated per 100 inhabitants.

Standardized Mean Rate =
No. of TB treatment interruption cases / No. of years studied (11 years) x 100
Central year population (2015)

It should be noted that the class intervals for the Standardized Mean Rate map
were defined manually, based on the distribution of observed values and visual clarity
criteria, to facilitate interpretation of spatial patterns. Special emphasis was placed on
the first legend category, which identifies municipalities that did not report TB treatment
interruption and therefore have a case proportion equal to zero.

To identify spatial clusters, a spatial neighborhood matrix was first constructed.
The rook contiguity criterion was adopted, assigning a value of 1 to municipalities that
share borders and O to those without shared borders. Only shared borders between
adjacent polygons were considered.

The Global and Local Moran Indices and the Getis-Ord Gi* technique were then
applied. After confirming global spatial autocorrelation, the Local Moran Index (LISA) was
used to identify clusters and quantify spatial association in each Brazilian municipality.
Results were presented in two maps: the first graphically shows similarity among
neighbors in four patterns, High/High and Low/Low (positive association, neighbors
with similar values) and High/Low and Low/High (negative association, neighbors with
different values)'.

The Getis-Ord Gi* technique creates z-scores that allow clusters to be identified.
High z-score values indicate areas with high case proportions clustered among similar
areas (hot spots); while low z-score values indicate areas with low case proportions
surrounded by similar areas (cold spots)'2.

It should be noted that, for this study, the option was made not to apply rate
smoothing through global or local empirical Bayesian methods, in order to preserve the
variability observed in the original rates. Furthermore, the local spatial association tests
(LISA and Getis-Ord Gi*) were not adjusted for multiple testing control.

Purely spatial scan statistics were also applied, with a scanning window covering 50%
of the population at risk and circular clusters. The municipality was used as the minimum
spatial unit in the scan analysis using SaTScan software, configured for the discrete
Poisson model, which automatically adjusts the analysis for the resident population,
assuming the expected number of cases to be proportional to the population of each
unit. This adjustment aims to control for the influence of population variation across
municipalities, preventing clusters from being identified solely due to larger population
contingents. The scan statistic enabled the calculation of relative risk (RR), in which
municipalities with values > 1 have a relative risk of interrupting anti-TB treatment
higher than that of the country as a whole'.
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To investigate the factors related to TB treatment interruption, the non-spatial
regression model Ordinary Least Squares (OLS) was used. The indicators obtained from
the Atlas of Human Development in Brazil were: illiteracy rate among individuals 18
years of age or older (T_ANALF18M), Gini Index (GINI), proportion (%) of extremely poor
individuals (PIND), percentage (%) of the population living in households with density >
2 (T_DENS), Municipal Human Development Index (MHDI), per capita income (RDPC),
and percentage (%) of the population living in households with a bathroom and piped
water (T_BATHWAT). Data on Family Health Strategy Coverage (FHS_COVERAGE) and
Retreatment Rate (RETREATMENT_RATE) were obtained from DATASUS. The Brazilian
Deprivation Index (BDI) was obtained from the Center for Data and Knowledge
Integration for Health (CIDACS), and the Social Vulnerability Index (SVI) was obtained
from the website of the Institute for Applied Economic Research (IPEA)

In the OLS model, explanatory variables were selected by backward selection,
and multicollinearity was assessed using the Variance Inflation Factor (VIF). Variables
that remained in the final model with p < .05 were included in the global geographic
models (Spatial Lag and Spatial Error). Regression assumptions were verified, and the

Moran test of residuals showed no spatial autocorrelation, confirming the adequacy of
the OLS model.

Spatial Lag assigns spatial autocorrelation to the dependent variable, while Spatial
Error assumes spatial dependence due to variables not included in the model™. The
OLS, Spatial Lag, and Spatial Error models apply to the entire analyzed region (Brazil)*.
Model comparison was based on the highest adjusted R and lowest Akaike Information
Criterion (AIC).

It should be noted that, for sociodemographic analyses, records whose variables
of interest were classified as “unknown” or “not reported” on notification forms were
excluded, and complete case analysis was performed without value imputation. For
spatial and temporal analyses, records without information on the municipality of
residence were excluded, as this variable is essential for geocoding and constructing
the spatiotemporal units of analysis.

Spatial autocorrelation testing was performed using TerraView 4.2.2° software.
The Getis-Ord Gi* technique and the Spatial Lag and Spatial Error regressions were
conducted in GeoDa 1.14®. OLS regression was performed using Stata v.13® software.
All maps were produced using the QGIS 3.16 software.

As this study used secondary public-domain data, submission to a Research Ethics
Committee was not required, in accordance with Resolution 674/2022 of the National
Health Council.

RESULTS

A total of 82.594 TB treatment interruption cases were recorded during the study
period. The highest frequency occurred among men, 61.791 (74.8%), and in the 20-39
years age group, 47.527 (57.6%). More than half were Mixed-race or Black, 52.848
(69.8%), and had up to eight years of education, 23.528 (70.0%). The highest proportion
of cases was concentrated in the South region of Brazil, 39.202 (47.5%) (Table 1).
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Table 1. Sociodemographic characterization of tuberculosis treatment interruption
cases in Brazil, 2010-2020. Parnaiba, Piaui, Brazil, 2023

Characteristics n %
Sex*
Male 61,791 74.8
Female 20,797 25.2
Age group (years)**
Oto 19 7,191 8.7
20 to 39 47,527 57.6
40 to 59 22,186 26.9
>60 5,649 6.8
Education (years)***
None 3,018 5.2
1 to 4 years 14,090 24.3
5 to 8 years 23,528 40.5
9 to 12 years 14,938 25.7
>12 2,517 4.3
Race/skin color****
White 21,702 28.7
Mixed-race or Black 52,848 69.8
Asian 569 0.8
Indigenous 563 0.7
Notification region*****
Southeast 9,296 11.3
Northeast 20,025 24.3
South 39,202 47.5
North 10,196 12.3
Central-West 3,840 4.6

Legend: (N = 82,594%).

Note: *Six cases were excluded because sex was recorded as “Unknown.” **Forty-one cases were excluded because the
age group was recorded as “Unknown.” ***24,503 cases were excluded because the education level was recorded as
“Unknown.” ****6 912 cases were excluded because race/skin color was recorded as “Unknown.” *****Thirty-five cases were
excluded because the notification region was recorded as “Unknown.”

Source: The authors (2023).

The pulmonary form accounted for 71,917 (87.1%) of cases. Approximately 11,157
(13.5%) individuals were living with HIV, of whom 10,128 (14.6%) met criteria compatible
with AIDS. Approximately one in four individuals engaged in harmful alcohol use,
20,083 (28.2%), used illicit drugs, 14,566 (29.1%), and smoked tobacco, 14,746 (29.4%).
Smaller proportions were observed among individuals with diabetes, 3,563 (4.8%),
mental disorders, 1,993 (2.7%), persons deprived of liberty, 5,083 (9.9%), and homeless
individuals, 4,018 (7.9%).

The mean treatment interruption rate, according to the formula described above,
was 10.4%, with an increase from 10.3% in 2010 to 11.5% in 2020. The Southeast
(10.8%) and South (10.6%) regions had the highest regional mean rates.

The Joinpoint analysis identified a stationary trend (AAPC: 0.7; 95% Cl: —=0.6 — 2.1;
p < .1) in TB treatment interruption across the country. A marked increase in treatment
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interruption was also observed in the Central-West (AAPC: 3.9; 95% CI: 3.0 - 4.8; p <

.001), followed by the North region (APC: 2.6; 95% Cl: 1.6 — 3.8; p < .001) (Table 2).

Table 2. Annual Percentage Change (APC) and Average Annual Percentage Change
(AAPC) of tuberculosis treatment interruption in Brazil, 2010-2020. Parnaiba, Piaui,

Brazil, 2023
Location Period (95'?,2:%:*),0 p value© (9A5';,Pg:*) p value Trend
Brazil 2010-2020 0.7 (-0.6 — 2.1) .255 0.7 (-0.6 - 2.1) .255 Stationary
North 2010-2020 2.6*(1.6-3.8) <.001 2.46*(1.6-3.8) <.001 Increasing
Northeast 2010-2020 -0.9 (-2.2-0.4) 138 -0.9(-2.2-0.4) 138 Stationary
Southeast 2010-2016 -1.2(-4.1 -1.8) 362 1.4 (-0.9 -3.7) A Stationary
2016-2020 5.3 (-0.3-11.3) .061
South 2010-2020 -1.3(-4.1-1.6) .328 -1.3(-4.1-1.6) .328 Stationary
Central-West 2010-2020 3.9*(3.0-4.8) <.001 3.9*(3.0-4.8) <.001 Increasing

Legenda: *APC: Annual Percentage Change, Legend: BAPC: Annual Percentage Change.
b95% Cl: 95% Confidence Interval.

°p value: significance probability.

dAAPC: Average Annual Percentage Change.

Source: The authors (2023).

Figure 1 shows the results of the spatial cluster detection techniques. The
standardized mean incidence rate map (Map A) shows irregular dispersion, forming

a mosaic-like pattern, with most municipalities presenting rates ranging from 0.0% to
11.1% (Map A).

After confirming significant global spatial autocorrelation (I = 0.1; p = .001), the
Local Moran Index was calculated. Cluster analysis of treatment interruption identified
a High/High distribution pattern in municipalities located primarily in the North region,
the state of Mato Grosso do Sul (Central-West), and the coastline of the Southeast
region (Map B). Map C shows the statistical significance of municipalities that exhibited
some spatial pattern.

Using the Getis-Ord Gi* technique (Map D), hotspots were confirmed in the
territories with a High/High pattern identified in Map B, as well as their statistical
significance (Map E). Maps F and G show the spatial clusters and relative risk (RR)
of treatment interruption in Brazil, calculated using purely spatial scan statistics. A
total of 26 clusters were identified, 20 of which were statistically significant (p < .05).
The primary cluster, with the lowest probability of occurring by chance, included 201
municipalities, mainly in the Southeast Region, encompassing Minas Gerais, the coastal
areas of Rio de Janeiro, and Sao Paulo. The significant secondary clusters were located
in Amazonas, Mato Grosso do Sul, and Para (Map F). In Map G, some municipalities in
Mato Grosso do Sul (wine-colored) presented the highest RR in Brazil for interruption
of anti-TB treatment (RR = 1.7-2.6)

Geospatial mapping, trends, and factors associated with tuberculosis treatment interruption: an ecological study
Rocha MIF, Maranho TA, da Frota MMC, Albuquerque JN, Figueira JNR, de Abreu AM, et al



Cogitare Enferm. 2026, v31:100798en

Figure 1. Distribution of the standardized mean incidence rate (A), Local Moran Index
- LISA Index (B), LISA Significance (C), Hot spots and cold spots (D), Significance
- Getis-Ord Gi* (E), Scan clusters (F), Relative Risk (G), 2010-2020. Parnaiba, Piauf,
Brazil, 2023
Source: The authors (2023).
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Table 3 presents detailed information on the 26 TB treatment interruption clusters
in Brazil, of which 20 were statistically significant and six were not, as determined by
purely spatial scan statistics. The primary cluster has a radius of 199.3 km and the
municipalities comprising it have, on average, 1.5 times the risk of TB treatment
interruption compared to other Brazilian municipalities.

Table 3. Spatial clusters of tuberculosis treatment interruption cases, defined by
purely spatial scan statistics in Brazil, 2010-2020. Parnaiba, Piaui, Brazil, 2023

No. of No. of Expected

Cluster Municipalities Radius (km) cases no. of cases = LLaee p value
1 201 199.3 2747 19820.8 1.5 1801.0 < .001
2 5 12.8 3987 1901.0 2.1 894.0 < .001
3 3 10.4 9761 6378.9 1.6 846.1 < .001
4 1 0.0 3191 1411.7 2.3 842.6 < .001
5 2 13.9 9120 6113.5 1.5 700.9 < .001
6 6 9.9 3451 1893.7 1.8 528.7 < .001
7 5 13.6 3769 2392.0 1.6 348.5 < .001
8 30 447.0 3997 2790.9 1.4 238.6 < .001
9 4 13.5 1345 870.3 1.5 112.1 < .001
10 3 13.2 666 375.3 1.7 91.7 < .001
11 1 0.0 384 184.0 2.0 82.7 < .001
12 1 0.0 1247 860.5 1.4 76.9 < .001
13 5 19.6 1759 1324.6 1.3 65.6 < .001
14 1 0.0 477 270.3 1.7 64.4 < .001
15 4 90.6 638 414.4 1.5 51.9 < .001
16 7 26.7 835 582.1 1.4 48.7 < .001
17 1 0.0 524 330.5 1.5 48.2 < .001
18 1 0.0 160 67.5 2.3 45.5 < .001
19 1 0.0 79 30.1 2.6 27.3 < .001
20 10 67.8 1923 1620.1 1.1 27.2 < .001
21 1 0.0 41 17.9 2.2 10.8 .085
22 1 0.0 169 121.3 1.3 8.3 .507
23 1 0.0 25 9.7 2.5 8.2 .535
24 1 0.0 211 157.9 1.3 8.0 .586
25 7 46.8 175 131.0 1.3 6.6 966
26 20 83.5 527 452.6 1.1 5.8 .997

Legend: *Relative Risk; **Log-likelihood Ratio.
Source: The authors (2023).

To test the influence of socioeconomic indicators on anti-TB treatment interruption,
the results of the OLS (R? = 0.062; AIC = 38,397.72), Spatial Lag (R? = 0.069; AIC =
38,408.80), and Spatial Error (R2 = 0.068; AIC = 38,414.4) regression models were
compared. The OLS and Spatial Lag models showed better fit, with OLS presenting the
lowest AIC and Spatial Lag the highest R2.
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Table 4 shows the independent variables that presented a positive correlation
with the outcome variable in the OLS model: Gini Index (GINI) (B = 4.1; p = .042),
population living in households with density >2 (B = 0.1; p < .001), Retreatment Rate
(RETREATMENT_RATE) (B = 0.0; p = .001), and Social Vulnerability Index (SVI) (B =
11.2; p = .001). Therefore, as the indicator increases, cases of treatment interruption
increase proportionally. In contrast, the indicators llliteracy Rate among Individuals 18
Years of Age or Older (T_ANALF18M) (B = -0.1; p < .001), Percentage of Extremely
Poor Individuals (PIND) (B = -0.1; p < .001), and Family Health Strategy Coverage (FHS_
COVERAGE) (B = -1.3; p = .002) presented a negative correlation with the outcome.
Therefore, as the indicator increases, cases of treatment interruption decrease.

Table 4. OLS, Spatial Lag, and Spatial Error regression models of indicators associated
with tuberculosis treatment interruption, Brazil, 2010-2020. Parnaiba, Piaui, Brazil,
2023

Indicadores OLS® Spatial Lag® Spatial Errorc
Coef. St;r:iarrd P Coef. St;r::ioarrd p Coef. St;::)arrd
Constante -0.0 1.0 .938 0.2 1.0 <.001 04 1.0 .66
T_ANALF18M  -0.1 0.0 <.001 -0.1 0.0 .84 -0.1 0.2 < .001
GINI 4.1 2.0 .042 3.2 1.9 <.001 3.6 2.0 .071
PIND -0.1 0.0 <.001 -0.0 0.0 .09 -0.1 0.0 < .001
T_DENS 0.1 0.0 < .001 0.1 0.0 <.001 0.1 0.0 < .001
RETRIIE{:TI.I;IENT_ 0.0 0.0 .001 0.0 0.0 <.001 0.0 0.0 .001
FHS_COVERAGE -1.3 0.4 .002 -1.2 0.4 .001 -1.2 0.4 < .001
IVS 11.2 1.9 < .001 9.7 1.9 .004 9.9 1.9 < .001
LAMBDA¢

- - 0.0 0.0 0

(Spatial Error)
Legend: *OLS: ordinary least squares regression, linear regression method.
bSpatial Lag: spatial autocorrelation model applied to the dependent variable.
“Spatial Error: spatial error model influenced by independent variables.
ILAMBDA: spatial dependence inherent in the sample data.
Source: The authors (2023).

DISCUSSION

This study found, through temporal analysis, a stationary trend in the proportion of
TB treatment interruption cases in Brazil over the analyzed period. Concurrently, spatial
analyses identified clusters with high proportions of interruption cases concentrated
mainly in the North region, the coastline of the Southeast region, and the state of Mato
Grosso do Sul, located in the Central-West region.

Based on the regression models, a positive correlation was observed between
treatment interruption and the socioeconomic indicators: Gini index, proportion of the
population residing in dwellings with density exceeding two occupants per bedroom,
retreatment rate, and SVI. These findings indicate that as such conditions intensify, the
outcome increases proportionally.

Joinpoint analysis identified a stationary trend in the proportion of anti-TB treatment
interruption cases nationwide; however, the North and Central-West regions showed
an increasing trend. A Brazilian study indicates that the North region has the second
lowest mean human developmentindex (0.701) and the lowest primary health care (PHC)
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coverage, estimated at 59.5%. These conditions contribute to delayed diagnosis, hinder
the identification and follow-up of contacts, and compromise treatment adherence,
favoring the maintenance of the disease transmission chain.

Understanding the identified clusters requires analyzing the structural and historical
determinants that shape conditions of social vulnerability and unequal access to health
services. The North region presents TB treatment interruption rates persistently above
the threshold recommended by the National Tuberculosis Control Program, which
targets cure in atleast 85% of cases and proper treatment in 100%, revealing weaknesses
in continuity of care and longitudinal patient follow-up'”. This scenario is compounded
by geographic barriers, extensive distances, and limitations of PHC in the region, which
compromise the effective implementation of Directly Observed Treatment (DOT)'®.

In the Southeast and South regions, despite greater economic concentration, urban
inequalities and sociospatial segregation persist, contributing to higher TB incidence
and an elevated risk of treatment interruption. These findings reinforce that regional
development does not necessarily translate into health equity™'?. A national analysis
covering the period from 2012 to 2018 showed that the Southeast (10.78%), South
(10.70%), and North (10.35%) regions had the highest mean treatment interruption
rates in the country®.

This situation is related to the living conditions of the population and the spatial
organization of cities, particularly in the Southeast and South regions, which concentrate
both wealth production and social inequality. These contexts increase exposure to
vulnerabilities, contributing to higher disease incidence and, consequently, greater risk
of TB treatment interruption’?'. Such evidence reinforces that overcoming therapeutic
discontinuity requires intersectoral policies capable of simultaneously addressing
structural inequalities and recent demographic pressures.

In the Central-West region, the persistence of high interruption rates can be
explained by structural vulnerabilities related to income inequality, racial segregation,
precarious housing, and territorial heterogeneity. Studies indicate that municipalities
with greaterracial and income segregation present worse treatment outcomes, including
treatment interruption, regardless of local mean income™ .

In the state of Mato Grosso do Sul, the high TB rate among people experiencing
homelessness reflects barriers to accessing health services and weaknesses in public
policy coverage?. Furthermore, more populous areas face greater service demand and
higher risk of therapeutic discontinuity, while smaller municipalities tend to maintain
greater proximity between services and communities, favoring adherence. These
factors help explain the formation of the identified clusters and reinforce the need for
integrated intersectoral policies?'.

The illiteracy rate among individuals aged 18 years or older and the percentage
of individuals in extreme poverty showed a negative association with the outcome,
a seemingly paradoxical result given the literature, which identifies higher education
as a protective factor against treatment interruption, since low levels of schooling
compromise understanding of therapeutic guidelines?”:3.

This inverse association may be related to underreporting and incomplete
completion of closure forms, particularly in contexts of greater social vulnerability. In
such settings, individuals who interrupt treatment tend to have incomplete records in
SINAN, which may underestimate both the magnitude of the outcome and the impact
of social benefits and programmatic actions?.
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Anotherrelevant aspect is that municipalities with poorer educational and economic
indicators are frequently prioritized by public policies and TB control programs, receiving
greater support through DOT and closer monitoring by primary care teams'#??. The
negative association observed may therefore reflect the effect of targeted interventions,
rather than lesser individual vulnerability.

The literature indicates that TB has deep roots in poverty, facilitating its transmission,
delayed diagnosis, and treatment interruption’22324 Although the results may appear
paradoxical, they are articulated with the spatial organization of cities, as areas that
concentrate wealth and social inequality show greater exposure to vulnerabilities,
increasing both incidence and the risk of interruption, as observed in the South (22.94%)
and Southeast (19.61%) regions?3.

A study conducted in Peru identified factors associated with TB treatment
interruption across different dimensions of the patient’s life, including distance to the
health unit, absence of perceived clinical improvement, lack of knowledge about the
disease, and insufficient family or social support. In addition, factors related to health
services were identified, such as inadequate interpersonal relationships with healthcare
providers, long waiting times, and insufficient explanations about treatment?>.

Family Health Strategy (FHS) coverage was found to contribute to the reduction
of TB treatment interruption. A Brazilian study identifies PHC as an essential marker of
access to services, especially considering that a large share of the population depends
exclusively on this level of care. In the North region, low PHC coverage and a shortage
of healthcare providers delay diagnosis and treatment initiation, favoring therapeutic
interruption’®.

The expansion of PHC, particularly through the FHS, constitutes a fundamental
protective factor in TB control within universal public health systems. Evidence indicates
that territories with greater coverage present lower incidence and mortality rates,
along with higher treatment adherence and lower interruption rates®. These results
reflect the reach of services and the longitudinal bond established between teams and
communities.

In this context, nursing plays a central role in care coordination and case
surveillance, acting in early identification, clinical management, therapeutic supervision,
and psychosocial support?®. Literature reviews highlight that the active involvement of
nurses in FHS teams promotes continuity of care, effectiveness of control actions, and
follow-up of vulnerable groups??’. Expanding PHC coverage and strengthening the
leading role of nursing are therefore essential strategies for an integrated, equitable,
and sustainable response to TB.

Although widely recommended, DOT presents variable effectiveness, dependent
on service organization and community engagement. Community-based DOT models
demonstrate better outcomes compared to those conducted exclusively at health units,
as they strengthen territorial bonds and reduce access barriers®,

Digital technologies, such as video directly observed therapy, also show promise.
Clinical trials indicate efficacy non-inferior to in-person DOT, with greater acceptability,
flexibility, and less embarrassment for patients?’-?%. The integration of community and
digital strategies with PHC represents a relevant advance in overcoming the historical
challenges of DOT, particularly among vulnerable populations.

The Gini index showed a positive correlation with anti-TB treatment interruption.
A study conducted in Peru demonstrated that low-income individuals face greater
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barriers to accessing health services, including loss of work days and transportation
costs, making treatment adherence more difficult?®. Social inequality is also associated
with high population density and intense migratory flows, phenomena that contribute
to crime, slum growth, poverty, and unemployment, worsening living conditions?.

In this study, housing conditions emerged as a risk factor for TB treatment
interruption. These findings corroborate investigations that point to higher disease
incidence in overcrowded housing, a scenario consistent with the infectious, airborne
transmission nature of TB%.

The retreatment rate showed a positive correlation with therapeutic interruption.
National studies indicate that the type of system entry is associated with increased
abandonment, particularly among previously cured individuals or those re-entering after
interruption, who present a higher risk of new episodes and treatment discontinuity®?22*.
These situations favor transmission and the emergence of resistant strains, complicating
clinical management®.

A positive correlation was also identified between the SVI and treatment
interruption. This index encompasses dimensions related to human capital, income,
urban infrastructure, and employment, and the absence or insufficiency of these
conditions indicates a low standard of living and difficulty accessing social rights?*-%.
National studies reinforce that socioeconomic factors affect the quality of health services,
resulting in delayed diagnosis, increased risk of treatment interruption, and TB-related
deaths, constituting an important barrier to disease control'2721,

This study has limitations due to its use of aggregate data, which makes it difficult
to draw individual-level inferences from the results. It should be noted that data from
after 2020 could not be included in the analyses. During the data collection phase
(conducted in 2022), it was observed that 2021 had a lower-than-expected volume of
notifications, possibly because the system did not yet have complete records for that
period. This lag could have compromised the consistency of results, which is why this
interval was excluded.

Furthermore, the use of secondary data may be subject to inconsistencies due
to underreporting and inadequate form completion. Since this study relies on the
completion of notification forms, some clinical variables that would have been relevant
to the analysis are either absent from the form or are not properly filled in, limiting the
results.

In addition, the results of the multivariate analysis should be interpreted with caution
due to the proportional nature of the dependent variable. For this reason, there are
theoretical restrictions on its use in linear models, as the outcome is bounded between
0 and 100, which may affect residual normality and homoscedasticity. However, the
observed percentages varied within an intermediate range, without extreme values,
which reduces the risk of distortions associated with the bounded nature of the variable,
and residual analysis did not indicate serious violations of normality or homoscedasticity.

The choice of linear regression (OLS) was essentially exploratory in purpose, aimed
at identifying global and local spatial associations and patterns, not at estimating
precise marginal effects or making predictive inferences. Accordingly, the coefficients
should be interpreted primarily in terms of the direction and significance of associations,
rather than as exact measures of effect magnitude. Future studies could employ models
more appropriate for proportional outcomes, such as binomial or beta GLM, to deepen
and refine the estimates observed in this study. Finally, although the retreatment rate
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showed significance in the OLS model, its near-zero coefficients indicate a small effect
on the outcome.

Finally, caution should be exercised when interpreting the results, since the use
of aggregated data may lead to inferences that do not necessarily represent valid
relationships at the individual level.

CONCLUSION

The proportion of TB treatment interruption cases remained stationary over the
analyzedyears, exceptinthe Central-Westand North regions, which showed anincreasing
trend. Spatial analyses identified case clusters in the North region, Mato Grosso do Sul,
and the Southeast coastline. Spatial regression showed that socioeconomic vulnerability
indicators influence the outcome, positively or negatively, depending on the territory.

Considering this, practical interventions targeting the socioeconomic factors that
affect health are recommended, particularly for the most affected populations, in order
to prevent TB spread and treatment interruption. It is essential that healthcare providers
understand the territorial influences and identify vulnerabilities in the health-disease
process, so that actions become more effective. Investment in educational initiatives at
the primary care level regarding the importance of treatment and the risks of interruption
is also essential for increasing cure rates.

Future research using different methodological approaches, such as binomial or
beta GLM models, is also recommended to deepen the understanding of the factors
that influence TB treatment interruption. It should also be emphasized that this
methodological limitation must be explicitly acknowledged in the present discussion
to guide subsequent investigations and contribute to improving disease surveillance,
prevention, and control strategies.
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