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The rapid spread of COVID-19 have overwhelmed health systems, especially in the care of chronic 
disease such as tuberculosis and diabetes. The objective of the study was to analyze the magnitude 
and relevance of tuberculosis-diabetes and diabetes-COVID-19 comorbidities in spatial risk areas and 
their factors associated with unfavorable outcomes in the Brazilian population between 2020 and 
2022. An ecological study was carried out in Brazilian municipalities. The population was composed 
by cases of tuberculosis-diabetes and diabetes-COVID-19 comorbidities, registered in the Influenza 
Epidemiological Surveillance Information System (SIVEP-GRIPE) and in DATASUS from 2020 to 2022. 
The Scan Statistics technique was used to identify spatial risk clusters. Binary logistic regression was 
then employed to understand the relationship between outcomes and comorbidities, considering 
clinical and sociodemographic variables. A total of 24,750 cases of tuberculosis-diabetes comorbidity 
were identified, which consisted of an incidence of 3.2 cases per 100,000 inhabitants. Risk clusters 
were identified in the Central-West and North regions. 303,210 cases of diabetes- COVID-19 
comorbidity were identified, resulting in an incidence of 0.4 cases per 100,000 inhabitants. São Paulo-
SP, Rio de Janeiro-RJ and Belo Horizonte-MG were the municipalities with the highest spatial risk of 
illness. The analysis of the spatial risk areas revealed distinct patterns in the geographic distribution 
of comorbidities. Based on the findings, it is concluded that comorbidities between tuberculosis and 
diabetes, as well as between COVID-19 and diabetes, represent significant challenges for public health 
in Brazil, deserving attention from health authorities and the scientific community.
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The prevalence of diabetes mellitus (DM) has been increasing globally at an alarming rate, being considered one 
of the major public health issues of the twenty-first century. This chronic condition results in high mortality and 
disability rates worldwide, affecting around 422 million people in 2016 and leading to 5 million deaths, with 
approximately 75% of cases concentrated in developing countries1,2. In 2021, the number of adults with DM 
reached 537 million, with projections for 643 million by 20303. In Brazil, 13 million people live with the disease, 
representing 6.9% of the population, with a prevalence rate of 11.2%4.

The relationship between DM and COVID-19 has been widely justified in the literature due to the impact 
that diabetes has on COVID-19 severity and outcomes. Patients with DM show greater susceptibility and 
worse clinical progression when contracting COVID-19, with an increased risk of hospitalization, respiratory 
complications, and mortality5,6. However, the interaction between DM and Tuberculosis  (TB), although less 
frequently discussed, also has important public health implications. People with DM have an increased risk 
of developing active TB and experience worse therapeutic outcomes, such as higher rates of recurrence and 
mortality, as DM impairs the host’s immune response against Mycobacterium tuberculosis7,8. Given the growing 
global prevalence of DM, particularly in countries endemic for TB, studying this comorbidity is essential for 
designing more effective control strategies for both diseases9.

The significant increase in DM is related to a combination of factors such as a sedentary lifestyle, rising obesity, 
and an aging population. People with DM often present with other chronic conditions, such as hypertension and 
cardiovascular diseases, as well as increased susceptibility to and severity of respiratory infections, including 
COVID-19 and TB. This poses a substantial burden on health systems, increasing the complexity of treatment 
and resulting in higher rates of hospitalization, healthcare service usage, and direct and indirect costs. According 
to the Pan American Health Organization (PAHO), diabetic patients are two to three times more likely to be 
hospitalized compared to those without DM10.

TB, an ancient disease, persists as a significant public health issue and, in 2015, surpassed HIV infection as 
the leading cause of death from infectious disease11. In 2023, it was estimated that there were 10.5 million new 
TB cases, the highest number since the WHO began global monitoring of TB in 1995. In Brazil, the incidence is 
32 cases per 100,000 inhabitant12.

With the pandemic, in 2022, Brazil ranked 3rd globally for confirmed COVID-19 cases and 2nd for deaths13. 
TB remained the second leading cause of infectious disease-related deaths, with 1.3 million deaths, only behind 
COVID-1914. Given this interaction between diseases, the need for health policies and complementary actions 
that address these three conditions emerges.

Studies on syndemics—the interaction of two or more diseases causing greater harm than the sum of their 
parts15—highlight the importance of integrated approaches to tackle the complex interplay between DM, 
TB, and COVID-19, especially in high-risk areas. In areas with moderate to high TB risk, latent TB infection 
screening and preventive treatment for those testing positive are recommended16. Similarly, DM screening is 
recommended among TB patients due to its significant association with TB development and complications, 
including more frequent relapses and increased mortality.

With the pandemic, managing these diseases has been further complicated by impacts on socioeconomic 
inequalities and access to treatment. However, few studies in Brazil address this topic, revealing a significant 
knowledge gap. Therefore, the objective of this study was to analyze the magnitude and relevance of diabetes-
tuberculosis (DM-TB) and diabetes-COVID-19 (DM-COVID-19) comorbidities in spatial risk areas and the 
factors associated with unfavorable outcomes in the Brazilian population between 2020 and 2022.

Methods
Study design and setting
This is a retrospective cohort study with data from Brazil.

Regarding the study setting, Brazil is the largest country in South America by land area; it has 26 states and 
a Federal District (Brasília, the capital). The country is divided into five major regions: North, Northeast, South, 
Southeast, and Central-West, with a total of 5,570 municipalities (Fig. 1). In 2018, 64% of the population was 
covered by the Family Health Strategy, and 49% of Basic Health Units used electronic medical records, though 
this rate varied across regions, from 29% in the Northeast to 87% in the South17.

Created using ArcGIS 10.5 (https://www.esri.com/).
The country is located in South America. With an area of 8,510,417.771 km2, it is considered the fifth largest 

country in the world by territorial extension. In South America, it occupies nearly 50% of the total area, being the 
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largest country in the region, as well as the third largest country in the American continent18. According to the 
Brazilian Institute of Geography and Statistics (IBGE), the Brazilian population reached 203,080,756 inhabitants 
on August 1, 202219. Brazil has a Human Development Index (HDI) of 0.760, considered high for the country, 
and a Gini Coefficient of 0.59, indicating significant social inequality, with a poverty rate of 31.6%20.

Study population and information sources
The study population included cases of DM diagnosed with COVID-19, recorded in the Influenza Epidemiological 
Surveillance Information System (SIVEP-GRIPE), and cases of DM diagnosed with TB, recorded in the 
Notification Diseases Information System (SINAN) of the Department of Informatics of the Unified Health 
System (DATASUS), in Brazil from 2020 to 2022. Both systems aim for epidemiological surveillance and 
monitoring of disease cases. These systems have retroactive data, allowing for the registration and consultation 
of information online throughout the patient’s treatment journey. The systems aim to maintain a unique record 
for each patient, where the entire treatment history is entered. For each patient, one or more treatments are 
opened, and follow-ups are recorded for each treatment21.

Statistical analysis
Spatial analysis
To detect spatial clusters of the comorbidities DM-TB and DM-COVID-19, the technique known as Scan 
Statistics or Scan Statistic was used. Developed by Kulldorff and Nagarwalla (1995)22, this technique creates 
circles that cover the entire study area centered on the centroids of each analyzed territorial unit. The radius of 
these circles can range from zero up to a limit determined by the researcher23.

The identification of spatial clusters occurs by calculating the number of events within each circle. If the 
observed number is significantly higher than expected in the region z defined by the circle, a cluster is identified. 
Otherwise, the radius of the circle is increased to test a new centroid, and this process is repeated until all 
centroids are evaluated. The hypotheses tested are as follows: H0 indicates the absence of clusters in the study 
region, while H1 suggests that region z is a cluster24.

The numerous generated circles are tested using Monte Carlo simulations based on the null hypothesis. 
During the centralization process, the Log Likelihood Ratio (LLR) of each possible cluster is calculated from 
the difference between the observed and expected incidence within and outside the circular window, where a 
p-value is assigned, according to the following formula25:

 
LLR = loglog

(
Oin

Ein

)Oin
(

O − Oin

O − Ein

)O−Oin

Fig. 1. - Map of study scenario and its geographic location, Brazil (2020–2022).
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where "O" represents the observed cases, "E" the expected cases, "Oin" and "Ein" denote the observed and 
expected numbers within the circular window, respectively, and "Ein" is calculated by multiplying TB deaths 
by the population of the census sectors. The larger the LLR value, the lower the probability that the detected 
cluster occurred by chance. Additionally, the Spatial Relative Risk (SRR)26,27 is calculated for each statistically 
significant cluster, comparing the risk within the cluster to the risk outside of it28. The spatial scanning analysis 
was conducted using SaTScan 10.0.2 software (https://www.satscan.org/).

After the cluster is identified, the software calculates the SRR, obtained using the following formula29:

 

SRR =
NZ
EZ

(N−NZ )
(EA−EZ)

where “N” is the total number of cases, “NZ” is the number of cases in cluster Z, “EA” is the expected number of 
cases in the region under the null hypothesis, and “EZ” is the expected number of cases in area Z under the null 
hypothesis. The SRR value determines whether the cluster is of risk (SRR > 1) or protection (SRR < 1)30,31.

Additionally, thematic maps were created from the scanning analyses, displaying the risk clusters identified 
using ArcGIS 10.5 software (https://www.esri.com/).

Binary logistic regression
To investigate the main factors associated with the outcomes of the comorbidities DM-TB and DM-COVID-19, 
binary logistic regression analysis was conducted based on variables from the SIVEP-GRIPE and DATASUS 
databases. Two separate analyses were performed, one for TB-DM and another for DM-COVID-19, with the 
objective of identifying the factors associated with unfavorable outcomes for both comorbidities. The dependent 
variable was dichotomized as unfavorable outcome (1) and favorable outcome (0), as illustrated in Fig. 2.

For DM-TB, the following variables were considered: age group, gender, race/ethnicity, pregnancy status 
(yes/no), education level, type of entry (new case, TB discovered post-mortem, TB relapse, TB relapse after 
abandonment), histopathology (positive, suggestive of TB, not suggestive of TB), Directly Observed Treatment 
(DOT) (yes/no), life history (alcoholism, mental illness, incarceration, homelessness, immigrant status, drug 
use, smoking), diagnosis by rapid molecular test for TB, drug resistance (isoniazid resistance, isoniazid and 
rifampin resistance, resistance to other drugs), and HIV testing.

For DM-COVID-19, the following variables were considered: age group, gender, race/ethnicity, education 
level, diagnostic criterion (COVID-19), pregnancy (1st trimester, 2nd trimester, 3rd trimester), comorbidities 
(cardiopathy, asthma, Down syndrome, neurological disease, kidney disease, obesity), and COVID-19 
vaccination status.

Categorization The dichotomized dependent variable indicated whether there was a favorable or unfavorable 
outcome for TB (0 and 1, respectively). This variable was analyzed in conjunction with all independent variables, 
which were also dichotomized (0 and 1).

The independent variables considered for the DM-TB regression, along with the dichotomization process 
into 0 and 1 values, were as follows:

Fig. 2. - Favorable and unfavorable outcomes considered for the comorbidities TB-DM and DM-COVID-19.
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• Age: 1 to 5  years (1 = Yes; 0 = No); 6 to 19  years (1 = Yes; 0 = No); 40 to 49  years (1 = Yes; 0 = No); 50 to 
59 years (1 = Yes; 0 = No); 60 to 69 years (1 = Yes; 0 = No); 70 to 79 years (1 = Yes; 0 = No); 80 to 89 years (1 = Yes; 
0 = No); above 90 years (1 = Yes; 0 = No).

• Sex: (1 = Male; 0 = Female).
• Pregnancy: (1 = Yes; 0 = No).
• Race/Color: White (1 = Yes; 0 = No); Black (1 = Yes; 0 = No); Yellow (1 = Yes; 0 = No); Brown (1 = Yes; 0 = No); 

Indigenous (1 = Yes; 0 = No).
• Educational level: No schooling (0 = Yes; 1 = No); Complete high school (1 = Yes; 0 = No); Complete higher 

education (1 = Yes; 0 = No); Incomplete higher education (1 = Yes; 0 = No).
• Case classification: TB discovered post-mortem (1 = Yes; 0 = No); TB relapse (1 = Yes; 0 = No); TB relapse 

post-abandonment (1 = Yes; 0 = No).
• Directly Observed Treatment (DOT): (1 = Received; 0 = Do not received).
• Histopathology: (1 = Positive; 0 = Negative).
• Comorbidities and drug use: Alcoholism (1 = Yes; 0 = No); Mental illness (1 = Yes; 0 = No); HIV status 

(1 = Positive; 0 = Negative); Illicit drug use (1 = Yes; 0 = No);
• Smoking (0 = Yes; 1 = No).
• Vulnerable populations: Incarceration (1 = Yes; 0 = No); Homelessness (1 = Yes; 0 = No); Immigrant (1 = Yes; 

0 = No).
• Government beneficiary: (1 = Yes; 0 = No).
• Diagnosis by Tuberculosis Rapid Molecular Test—TRM-TB: (1 = Yes; 0 = No).
• Drug resistance: Isoniazid resistance (1 = No; 0 = Yes); Isoniazid and rifampicin resistance (1 = No; 0 = Yes); 

Resistance to other drugs (1 = No; 0 = Yes).
The independent variables considered for DM-COVID-19 regression:
• ICU Admission: (1 = Yes; 0 = No).
• Sex: (1 = Male; 0 = Female).
• Diagnostic criterion: Laboratory (1 = Yes; 0 = No); Epidemiological (1 = Yes; 0 = No); Clinical (1 = Yes; 

0 = No); Imaging (1 = Yes; 0 = No).
• Age: 1 to 5 years (1 = Yes; 0 = No); Age 6 to 19 years (1 = Yes; 0 = No); Age 30 to 49 years (1 = Yes; 0 = No); Age 

50 to 59 years (1 = Yes; 0 = No); Age 60 to 69 years (1 = Yes; 0 = No); Age 70 to 79 years (1 = Yes; 0 = No); Age 80 to 
89 years (1 = Yes; 0 = No); Age 90 years or older (1 = Yes; 0 = No).

• Gestational age: Pregnant—1st Trimester (0 = Yes; 1 = No); Pregnant—2nd Trimester (0 = Yes; 1 = No); 
Pregnant—3rd Trimester (0 = Yes; 1 = No).

• Race/Color: White (1 = Yes; 0 = No); Black (1 = Yes; 0 = No); Yellow (1 = Yes; 0 = No); Brown (1 = Yes; 0 = No); 
Indigenous (1 = Yes; 0 = No).

• Educational level: No schooling (1 = Yes; 0 = No); Incomplete Elementary School (1 = Yes; 0 = No); Complete 
Elementary School (1 = Yes; 0 = No); Complete High School (1 = Yes; 0 = No); Complete Higher Education 
(1 = Yes; 0 = No).

• Comorbidities: Cardiopathy (1 = Yes; 0 = No); Down Syndrome (1 = Yes; 0 = No); Asthma (1 = Yes; 0 = No); 
Neurological Disease (1 = Yes; 0 = No); renal disease (1 = Yes; 0 = No); Obesity (1 = Yes; 0 = No).

• COVID-19 Vaccination Scheme: (1 = Complete; 0 = Not completed).

Statistical analysis Initially, exploratory analyses were conducted to check for collinearity among independent 
variables using the Variance Inflation Factor (VIF). Variables with a VIF greater than 10 were removed from the 
statistical modeling 32,33.

Modeling was performed using the Backward stepwise selection method, starting with a full model and 
removing one variable at a time based on the minimization of the Akaike Information Criterion (AIC) 34,35. The 
final model was chosen based on the lowest AIC value, and the Odds Ratio (OR) with 95% Confidence Intervals 
(CI) was calculated.

To validate the final model, Hosmer–Lemeshow, likelihood ratio, Cox-Snell, Nagelkerke, and McFadden tests 
were performed. The predictive ability and accuracy of the models were assessed by the area under the ROC 
(Receiver Operating Characteristic) curve and its corresponding CIs 36. All analyses and validation tests were 
conducted using RStudio software.

Ethical aspects
This study was approved by the Research Ethics Committee of the Ribeirão Preto School of Nursing, University 
of São Paulo, in accordance with the Guidelines and Regulatory Standards for Research with Human Subjects, 
Resolution No. 466/2012 of the National Health Council, under Certificate of Presentation for Ethical 
Appreciation No. 57933622.4.0000.5393, issued on June, 06th 2022. There was no consent required to participate 
in the study, as the study was conducted using secondary data from registered in the SINAN and SIVEP-GRIPE 
databases. The databases used for the study are anonymous, so it is not possible to identify the subjects included 
in the study. All methods in the study were performed in accordance with relevant guidelines and regulations.

Results
Risk clusters for comorbidities
The incidence rate of the DM-TB comorbidity was 3.2 cases per 100,000 inhabitants between 2020 and 2022. The 
Central-West and North regions presented major spatial risk clusters and were among the most affected areas 
of the country. In contrast, the South, Southeast, and Northeast regions exhibited minor clusters, composed of 
fewer municipalities, as evidenced by Fig. 3A.
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 The cluster in the Central West region showed 250 cases of DM-TB, an incidence of 5.3 cases per 100,000 
inhabitants, and SRR = 1.64 (95% CI 1.4 – 2.3) (Fig. 3B). Meanwhile, the cluster located in the North region of 
the country has 2,562 cases, an incidence of 8.1 cases of DM-TB per 100,000 inhabitants, and SRR = 2.68 (95% 
CI 2.0 – 3.5). The main cluster located in the Southeast region has 42,481 cases, an incidence of 299.1 cases of 
DM-COVID-19 per 100,000 inhabitants, and SRR = 830.8 (95% CI 800.4 – 901.3).

Regarding the incidence of the DM-COVID-19 comorbidity, it was 39.7 cases per 100,000 inhabitants 
between 2020 and 2022. All regions presented high spatial clusters, though the South (44 clusters) and Southeast 
(61 clusters) regions concentrated most of the clusters (Fig. 4). The three highest clusters for DM-COVID-19 
were located in the Southeast region with SRR = 830.8; 95% (CI 800.4 – 901.3), SRR = 301.24; 95% (CI 290.0 – 
371.2), SRR = 187.07; 95% (CI 172.8 – 191.5). The North, Central-west and Northeast presented 12, 14 and 38 
clusters (Fig. 4).

Created using ArcGIS 10.5 (https://www.esri.com/).

Factors associated with unfavorable outcomes
Through the Logistic regression analysis (Table 1) for the DM-TB comorbidity, it was identified several factors 
associated with a higher probability of unfavorable outcomes. These include male sex, Black race/color, TB relapse, 
HIV-positive status, alcoholism, illicit drug use, and smoking. Social determinants also played a significant 
role, with homelessness, immigrant status, Indigenous identity, and government assistance beneficiaries being 
associated with unfavorable outcomes.

The analysis of the completeness of the variables used in both logistic regressions can be found in the 
supplementary materials (see Supplementary Table S1 e S2).

To validate the model, the Hosmer–Lemeshow test (p = 0.41), likelihood ratio (p < 0.01), Cox-Snell (0.07), 
Nagelkerke (0.15), and McFadden (0.11) tests were performed. The model showed an ROC value of 0.73, as 
shown in Fig. 5.

In the context of DM-COVID-19 comorbidity, individual variables associated with unfavorable outcomes 
included male sex, educational attainment, and race/color categories such as Black, Brown, Yellow, and 
Indigenous. Additional factors were ICU admissions, diagnoses based on clinical-epidemiological, laboratory, 
and imaging criteria, and age 50 years or older. Other comorbidities, including cardiopathy, neurological disease, 
renal disease, and obesity, also contributed to worsening outcomes (Table 2).

To validate the model, the Hosmer–Lemeshow test (p = 2.45), likelihood ratio (p < 0.01), Cox-Snell (0.16), 
Nagelkerke (0.21), and McFadden (0.13) tests were performed. The model showed an ROC value of 0.73, as 
shown in Fig. 6.

Fig. 3. - Spatial Risk Clusters (A) and incidence (B) for the DM-TB Comorbidity, Brazil (2020 to 
2022).Created using ArcGIS 10.5 (https://www.esri.com/).
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Discussion
The study aimed to analyze the magnitude and significance of the comorbidities tuberculosis-diabetes and 
diabetes-COVID-19, spatial risk areas, and their factors associated with unfavorable outcomes. Key findings 
include the geo-spatial distribution of DM-TB and DM-COVID-19 comorbidities in Brazil, revealing important 
implications for public health. The results highlighted significant factors associated with unfavorable outcomes 
in DM-TB and DM-COVID-19 comorbidities, emphasizing both individual characteristics and social variables. 
This analysis is extremely important for guiding public health interventions, improving clinical outcomes for 
these vulnerable populations, and strengthening local health systems.

We found an incidence of 3.2 cases of DM-TB per 100,000 inhabitants in Brazil. Brazil shows an increasing 
trend of comorbidity, in addition to being a country with a high burden of TB13. The Brazilian Ministry of Health 
recommends screening for TB in individuals diagnosed with DM, as well as screening for DM in people with 
TB37.

The results also showed that the distribution of the comorbidity in the country is heterogeneous. The analyses 
revealed two prominent risk clusters: one in the Northeast region and another in the Central-Western region 
of Brazil. These regions have distinct profiles regarding TB control. Historically, the Central-West region has 
recorded lower incidence and mortality rates for the disease, while the Northern region bears a significant TB 
case burden38. However, concerning DM incidence, the values are reversed: the Central-West region has the 
highest national incidence, while the Northern region has the lowest. Thus, despite differences in TB and DM 
epidemiological profiles, it is plausible that these regions develop interaction patterns resulting in high co-
occurrence of these two diseases.

Although both regions presented most of the clusters, the highest SRRs for DM-TB were located in the 
Southeast region, indicating a higher burden of comorbidity in this area. The Southeast region is characterized 
by a high population density, especially in its capital city, which is the most populous in the country39. This 
results in a significant influx of people and intense economic activity in the region. However, it also has high 
inequality rates, particularly in urban settings, creating socio-spatial environments with stark disparities in 
housing quality, public infrastructure, and access to health services40. This contributes to conditions that facilitate 
TB transmission in the region, which also has the highest prevalence of DM (8.5%)37, potentially explaining the 
high risk of comorbidity in this area.

The higher incidence in the Northeast can be attributed to adverse socioeconomic conditions, such as higher 
poverty rates and lower access to education and formal employment, and greater geographic dispersion, which 
hinder access to quality healthcare services41,42, which may impact the diagnosis of both TB and DM.

It is important to highlight that not only does TB have a heterogeneous distribution across the country, but 
DM also varies in prevalence between regions. The Southeast and South show the highest occurrences, with 

Fig. 4. - Spatial Risk Clusters (A) and Incidence (B) for DM-COVID-19, Brazil (2020 to 2022).
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Variables
Reference Category
(Value = 0) Coefficient p-value OR (95% CI)

Age 1 to 5 years No (0) - - 1.0

Yes 1.0 0.61 1.18 (1.01–1.64)

Age 6 to 19 years No (0) - - 1.0

Yes −0.46 0.13 0.63 (0.33–1.10)

Age 40 to 49 years No (0) - - 1.0

Yes −0.45  < 0.01 0.64 (0.55–0.73)

Age 50 to 59 years No (0) - - 1.0

Yes −0.84  < 0.01 0.43 (0.37–0.49)

Age 60 to 69 years No (0) - - 1.0

Yes −1.02  < 0.01 0.36 (0.30–0.42)

Age 70 to 79 years No (0) - - 1.0

Yes −0.86  < 0.01 0.42 (0.34–0.51)

Age 80 to 89 years No (0) - - 1.0

Yes −0.74  < 0.01 0.47 (0.33–0.66)

No (0) - - 1.0

Age above 90 years Yes −0.72 0.17 0.48 (0.14–1.22)

Sex Female (0) - - 1.0

Male 0.25  < 0.01 1.28 (1.15–1.43)

Pregnant No (0) - - 1.0

Yes 0.68 0.06 1.96 (0.98–3.63)

White race/color No (0) - - 1.0

Yes −0.11 0.06 0.89 (0.79–1.01)

Black race/color No (0) - - 1.0

Yes 0.15 0.04 1.15 (1.01–1.32)

Yellow race/color No (0) - - 1.0

Yes −0.78 0.02 0.45 (0.22–0.82)

Brown Race/Color No (0) - - 1.0

0.45 0.88 1.96 (1.82—2.01)

Indigenous No (0) - - 1.0

Yes 0.89 0.21 1.2 (1.1- 1.6)

No schooling Yes (0) - - 1.0

No −0.11 0.04 0.89 (0.80–0.99)

Complete high school No (0) - - 1.0

Yes −0.32  < 0.01 0.72 (0.61–0.86)

Complete higher education No (0) - - 1.0

Yes −0.38 0.02 0.68 (0.49–0.92)

Incomplete higher education No (0) - - 1.0

Yes −0.36 0.04 0.70 (0.48–0.98)

TB discovered post-mortem No (0) - - 1.0

Yes −13.51 0.92 0.00 (0.00–9.99)

TB relapse No (0) - - 1.0

Yes 0.38  < 0.01 1.45 (1.21–1.74)

TB relapse post-abandonment No (0) - - 1.0

Yes 1.33  < 0.01 3.77 (3.24–4.38)

Alcoholism No (0) - - 1.0

Yes 0.22  < 0.01 1.24 (1.09–1.42)

Mental illness No (0) - - 1.0

Yes 0.20 0.06 1.22 (0.99–1.50)

HIV positive No (0) - - 1.0

Yes 0.66  < 0.01 1.93 (1.56–2.39)

Positive histopathology No (0) - - 1.0

Yes −0.26  < 0.01 0.77 (0.65–0.89)

Directly Observed Treatment (DOT) No (0) - - 1.0

Yes −1.09  < 0.01 0.33 (0.29–0.38)

Incarcerated No (0) - - 1.0

Continued
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an estimated 8.5% and 7.9% of the population affected by diabetes, respectively43. Another significant factor 
influencing the distribution of this comorbidity is age, which also varies regionally43. Given that TB typically 
affects adults and young adults, while DM is more prevalent in older adults and the elderly, these demographic 
differences are likely to impact the distribution of the comorbidity and make it more challenging to interpret.

Conversely, the lower incidence in the Central-West region may be attributed to better socioeconomic and 
health indicators, including moderate population density and a more accessible healthcare network44, which 
may contribute to improved detection of the comorbidity. However, intra-regional inequalities persist affecting 
specific subgroups of the population. These findings underscore the need for targeted public policies considering 
regional specifics, with investments in healthcare infrastructure and social programs to reduce socioeconomic 
inequalities and improve the quality of life for the most vulnerable populations44.

The COVID-19 was initially recorded in Brazil in the state of São Paulo, where the first case was reported. The 
delayed implementation of social distancing measures in the state contributed to the rapid spread of the virus. 
Consequently, the Southeast region of the country became the epicenter of COVID-19-related hospitalizations45.

The incidence of DM-COVID-19 comorbidity was relatively high, at 39.7 cases per 100,000 inhabitants. The 
Southeast region showed the highest spatial risks, which may be correlated with high population density and 
significant urban mobility, which are factors facilitating virus spread46. As previously highlighted, the Southeast 
Region emerged as the epicenter of the COVID-19 pandemic in Brazil and has the highest percentage of people 
diagnosed with diabetes in the country, reinforcing the relevance of these factors in the concentration of cases45.

Fig. 5. - ROC Curve of the Binary Logistic Regression Model for Factors Associated with Unfavorable 
Outcomes of the DM-TB Comorbidity.

 

Variables
Reference Category
(Value = 0) Coefficient p-value OR (95% CI)

Yes −0.50  < 0.01 0.60 (0.42–0.84)

Homeless No (0) - - 1.0

Yes 0.86  < 0.01 2.35 (1.77–3.11)

Immigrant No (0) - - 1.0

Yes 0.76 0.02 2.13 (1.07–3.93)

No (0) - - 1.0

Government beneficiary Yes 0.26  < 0.01 1.30 (1.10–1.52)

Illicit drug use No (0) - - 1.0

Yes 0.63  < 0.01 1.87 (1.58–2.22)

Smoking No (0) - - 1.0

Yes 0.20  < 0.01 1.21 (1.08–1.37)

Diagnosis by TRM-TB (Tuberculosis Rapid molecular test) No (0) - - 1.0

Yes −1.01  < 0.01 0.36 (0.20–0.60)

Isoniazid resistance Yes (0) - - 1.0

No −2.64 0.01 0.07 (0.01–0.32)

Isoniazid and rifampicin resistance Yes (0) - - 1.0

No −2.51 0.02 0.08 (0.01–0.43)

Resistance to other drugs Yes (0) - - 1.0

No −1.11 0.13 0.32 (0.05–1.09)

Table 1. Factors Associated with Unfavorable Outcomes in DM-TB Comorbidity Cases, Brazil (2020 – 2022).
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Variables
Reference Category
(Value = 0) Coefficient p-value OR (95% CI)

ICU Admission No (0) - - 1.0

Yes 1.47  < 0.01 4.37 (4.30—4.44)

Sex Female (0) - - 1.0

Male 0.11  < 0.01 1.12 (1.10—1.14)

Diagnostic Criterion: Laboratory No (0) - - 1.0

Yes 0.77  < 0.01 2.17 (1.98—2.38)

Diagnostic Criterion: Epidemiological No (0) - - 1.0

Yes 0.62  < 0.01 1.87 (1.54—2.26)

Diagnostic Criterion: Clinical No (0) - - 1.0

Yes 0.43  < 0.01 1.55 (1.32—1.81)

Diagnostic Criterion: Imaging No (0) - - 1.0

Yes 0.35  < 0.01 1.42 (1.16—1.74)

Age 1 to 5 years No (0) - - 1.0

Yes −0.61 0.01 0.53 (0.31—0.88)

Age 6 to 19 years No (0) - - 1.0

Yes −1.32  < 0.01 0.26 (0.19—0.35)

Age 30 to 49 years No (0) - - 1.0

Yes −0.17  < 0.01 0.84 (0.79—0.89)

Age 50 to 59 years No (0) - - 1.0

Yes 0.24  < 0.01 1.28 (1.23—1.32)

Age 60 to 69 years No (0) - - 1.0

Yes 0.65  < 0.01 1.92 (1.86—1.98)

Age 70 to 79 years No (0) - - 1.0

Yes 0.99  < 0.01 2.71 (2.62—2.79)

Age 80 to 89 years No (0) - - 1.0

Yes 1.30  < 0.01 3.69 (3.56—3.83)

Age 90 years or older No (0) - - 1.0

Yes 1.69  < 0.01 5.44 (5.15—5.74)

Pregnant—1st Trimester Yes (0) - - 1.0

No −1.14 0.01 0.31 (0.11—0.70)

Pregnant—2nd Trimester Yes (0) - - 1.0

No −0.34 0.07 0.71 (0.48—1.02)

Pregnant—3rd Trimester Yes (0) - - 1.0

No −0.95  < 0.01 0.38 (0.28—0.50)

White Race/Color No (0)

Yes 0.30  < 0.01 1.35 (1.32—1.38)

Black Race/Color No (0) - - 1.0

Yes 0.56  < 0.01 1.75 (1.68—1.82)

Yellow Race/Color No (0) - - 1.0

Yes 0.21  < 0.01 1.24 (1.14—1.34)

Brown Race/Color No (0) - - 1.0

Yes 0.48  < 0.01 1.62 (1.58—1.66)

Indigenous Race/Color No (0) - - 1.0

Yes 0.55  < 0.01 1.74 (1.39—2.16)

No Schooling No (0) - - 1.0

Yes 0.50  < 0.01 1.65 (1.57—1.74)

Incomplete Elementary School No (0) - - 1.0

Yes 0.38  < 0.01 1.47 (1.43—1.51)

Complete Elementary School No (0) - - 1.0

Yes 0.27  < 0.01 1.32 (1.28—1.36)

Complete High School No (0) - - 1.0

Yes 0.15  < 0.01 1.16 (1.13—1.20)

Complete Higher Education No (0) - - 1.0

Yes −0.08  < 0.01 0.91 (0.88—0.95)

Comorbidities: Cardiopathy No (0) - - 1.0

Continued
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Given the regional disparities presented in the interaction of these diseases, it is essential to consider health 
systems through collaborative partnership networks. Integration between different government levels, non-
governmental organizations, research institutions, and the private sector can promote the efficient sharing of 
resources, knowledge, and technologies. For instance, implementing integrated programs for controlling TB 
and DM can be optimized through partnerships that enhance healthcare infrastructure and ensure equity 
in access to care. Furthermore, public health strategies that consider regional specifics and invest in social 
programs are essential for mitigating socioeconomic inequalities and improving the quality of life for vulnerable 
populations47,48.

The factors associated with favorable and unfavorable outcomes in comorbidities highlighted the significant 
influence of individual and sociodemographic factors on unfavorable outcomes. In the case of DM-TB 
comorbidity, relevant risk factors identified include male sex, black race/skin color, TB relapse, HIV positivity, 
alcoholism, illicit drug use, and smoking. Additionally, social factors such as experiencing homelessness and 
government program beneficiary status were also associated with unfavorable outcomes.

Globally, TB shows higher incidence among men than women (WHO). Gender differences may be attributed 
to economic, cultural, and social factors that result in greater exposure of men to infection sources, as well as risk 
factors and lower adherence to health services49–51. In the case of TB-DM, this disparity may be even greater, as 
there is evidence that underreporting of DM is higher among men than women 52, primarily due to differences 
in health service-seeking behaviors.

Moreover, men exhibit higher prevalence of risk factors for developing TB, such as alcoholism and smoking, 
which were also associated with unfavorable outcomes in DM-TB comorbidity in this study53. These findings 
suggest an overlap of risk factors that significantly contribute to adverse clinical outcomes and the occurrence 
of both diseases.

Literature findings reveal different rates of TB relapse among individuals with DM-TB comorbidity. In Brazil, 
there is evidence of higher relapse rates in this population, similar to the findings in this study54,55. The association 
of the two diseases may increase the risk of reactivation of TB infection after initial treatment, particularly due to 

Fig. 6. - ROC Curve of the Binary Logistic Regression Model for Factors Associated with Unfavorable 
Outcomes of the DM-COVID-19 Comorbidity.

 

Variables
Reference Category
(Value = 0) Coefficient p-value OR (95% CI)

Yes 0.03  < 0.01 1.04 (1.02—1.05)

Comorbidities: Down Syndrome No (0) - - 1.0

Yes −0.07  < 0.01 0.92 (0.91—0.94)

Comorbidities: Asthma No (0) - - 1.0

Yes −0.05  < 0.01 0.94 (0.93—0.96)

Comorbidities: Neurological Disease No (0) - - 1.0

Yes 0.03  < 0.01 1.03 (1.01—1.05)

Comorbidities: Renal Disease No (0) - - 1.0

Yes 0.08  < 0.01 1.09 (1.07—1.10)

Comorbidities: Obesity No (0) - - 1.0

Yes 0.03  < 0.01 1.03 (1.02—1.04)

Complete COVID-19 Vaccination Scheme No (0) - - 1.0

Yes −0.28  < 0.01 0.75 (0.73—0.77)

Table 2. —Factors Associated with Unfavorable Outcomes in DM-COVID-19 Comorbidity Cases, Brazil 
(2020 – 2022).
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immune system impairment in people with DM. This is a particularly important issue to consider as part of the 
control of TB-DM in order to prevent development of drug-resistant TB and death.

Regarding race/skin color, unfavorable outcomes were associated with cases among the Black population. 
Although this population does not represent the majority of cases of TB and DM separately, they experience 
some of the highest mortality rates from both diseases56,57. This can be explained by the historical vulnerabilities 
of this group, related to lower incomes, more limited access to healthcare services, and lower levels of education 
compared to other race/colors58. The pandemic may have exacerbated these vulnerabilities, further intensifying 
the challenges faced by this population.

In DM-COVID-19 comorbidity, male sex again emerged as a significant risk factor. Additionally, factors 
associated with unfavorable outcomes included ICU admissions, diagnoses based on clinical-epidemiological, 
laboratory, and imaging criteria, as well as age from 50 years onward. These findings are consistent with existing 
literature, which demonstrates that men and older individuals have higher risks of complications and mortality 
associated with COVID-1959.

Other comorbidities such as heart disease, neurological disorders, kidney disease, and obesity were identified 
as aggravating factors for unfavorable outcomes of DM-COVID-19. These underlying conditions can complicate 
the course of COVID-19, hindering recovery and increasing mortality and symptom severity60. Furthermore, 
association of multiple comorbidities and aging are highly relevant for developing clinically severe forms of 
COVID-1961, thus increasing the risk of death.

Patients with diabetes often experience worse COVID-19-related complications, including respiratory failure 
and acute respiratory distress syndrome, which can lead to ICU admission61. In the ICU, patients typically face 
heightened vulnerability due to their pre-existing health conditions, making them more susceptible to additional 
complications such as infections, organ failure, and prolonged hospitalization62. As a result, ICU admissions are 
associated with an increase in unfavorable outcomes for DM-COVID-19 patients.

Regarding male sex, this difference in incidence has been associated with biological, behavioral, cultural, 
and occupational factors. An important biological factor is that the SARS-CoV-2 virus uses the Angiotensin-
Converting Enzyme 2 as a mechanism for entry into human cells63, with this enzyme showing nearly three times 
higher expression in men compared to women. Additionally, factors such as men’s greater resistance to seeking 
healthcare services and higher smoking may also contribute to increased disease severity in men55.

A major limitation of this study arises from its ecological design, which restricts the generalization of 
results to the individual level, a phenomenon known as ecological fallacy. Additionally, the use of secondary 
retrospective data sources may introduce reporting biases and incomplete records. It is worth noting that the 
data regarding DM diagnosis in both datasets lack information about the diagnostic criteria for DM and are 
often self-reported by patients. Consequently, the occurrence of DM as a comorbidity of TB and COVID-19 may 
be underreported. Furthermore, in the TB notification form in SINAN, the field for comorbidities associated 
with TB is not mandatory, leading to a high percentage of missing data related to DM diagnosis and, thus, 
affecting the incidence estimate of DM-TB.

Conclusion
This study highlights the magnitude and spatial distribution of DM-TB and DM-COVID-19 comorbidities in 
Brazil, identifying high-risk areas and factors associated with adverse clinical outcomes. The results indicate 
that individual and sociodemographic factors, such as male sex, black race/skin color, and disadvantaged 
socioeconomic conditions, play significant roles in the severity of clinical outcomes. These findings underscore 
the need for an integrated approach at the primary, secondary, and tertiary care levels, essential for effective and 
continuous management, improving early detection and treatment of associated conditions.

Furthermore, collaboration between health sectors and social policies is vital to address inequalities 
negatively impacting clinical outcomes. Identifying factors such as homelessness and government program 
beneficiary status underscores the need for public policies that integrate social support with healthcare. Training 
of healthcare professionals and the implementation of educational programs focused on risk behaviors are 
also important for improving clinical outcomes. Partnership networks can promote collaborative research and 
innovation, facilitating the development of evidence-based interventions that more effectively address the needs 
of vulnerable populations and reduce barriers to access and adherence to treatment.

Data availability
The data presented in this study are available on request from the corresponding author on reasonable request.
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