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ABSTRACT: Introduction: Tuberculosis and diabetes comorbidity remains a challenge for global public
health. Objective: To analyze the sociodemographic profile and the diagnostic and treatment characteristics
of tuberculosis cases with and without diabetes in Brazil. Methods: This is a cross-sectional study with data
from the Notifiable Diseases Information System and the Hypertension and Diabetes Mellitus Primary Care
Clinical Management System, from 2007 to 2011. We adopted a Poisson regression model with robust variance
to estimate the prevalence ratios (PR) and their respective confidence intervals. Results: We found the studied
comorbidity in 7.2% of cases. The hierarchical model showed a higher PR among women (PR=1.31; 95%
confidence interval – 95%CI 1.27–1.35); a greater association in the age groups 40–59 years and ≥ 60 years
(PR=11.70; 95%CI 10.21–13.39, and PR=17.49; 95%CI 15.26–20.05), and in those with positive sputum smear
microscopy results – 1st sample (PR=1.40; 95%CI 1.35–1.47). Return after treatment discontinuation and
treatment discontinuation were inversely associated with comorbidity (PR=0.66; 95%CI 0.57–0.76 and PR=0.79;
95%CI 0.72–0.87). Conclusion: The findings, such as the inverse relationship with tuberculosis treatment
discontinuation in the group of people with comorbidity, reinforce the importance of integrated actions in
health services to change the scenario of this challenging comorbidity.
Keywords: Tuberculosis. Diabetes mellitus. Comorbidity. Information management. Regression analysis.
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RESUMO: Introdução: A comorbidade tuberculose e diabetes ainda continua um desafio para a saúde pública
mundial. Objetivo: Analisar o perfil sociodemográfico e as características do diagnóstico e tratamento dos casos
de tuberculose com e sem diabetes no Brasil. Métodos: Estudo transversal, com dados do Sistema de Informação
de Agravos de Notificação e do Sistema de Gestão Clínica de Hipertensão Arterial e Diabetes Mellitus da Atenção
Básica, no período de 2007 a 2011. Modelo de regressão de Poisson com variância robusta foi utilizado para
estimar a razão de prevalência (RP) e seus respectivos intervalos de confiança. Resultados: A comorbidade
estudada foi encontrada em 7,2% dos casos. Modelo hierárquico mostrou maior RP entre indivíduos do sexo
feminino (RP = 1,31; intervalo de confiança de 95% — IC95% 1,27 – 1,35); maior associação nas faixas etárias
40–59 anos e ≥ 60 anos (RP = 11,70; IC95% 10,21 – 13,39 e RP = 17,49; IC95% 15,26–20,05) e com resultado
positivo da baciloscopia — primeira amostra (RP = 1,40; IC95% 1,35 – 1,47). Reingresso após abandono e
abandono foram inversamente associados na comorbidade (RP = 0,66; IC95% 0,57 – 0,76 e RP = 0,79; IC95%
0,72 – 0,87). Conclusão: Os achados, como a relação inversa do abandono ao tratamento da tuberculose no
grupo das pessoas com comorbidade, reforçam a importância de ações integradas nos serviços para mudar o
cenário dessa desafiadora comorbidade.
Palavras-chave: Tuberculose. Diabetes Mellitus. Comorbidade. Gestão da Informação. Análise de Regressão.

INTRODUCTION
In the early 20th century, associations between diabetes mellitus (DM) and tuberculosis
(TB) were found. This comorbidity requires attention and more complex care, since diabetes can interfere with the metabolism of antituberculosis drugs, and the risk of a person
with diabetes developing tuberculosis can be 2.44 to 8.33 times higher when compared to
a person without diabetes1-4.
Doubts remain because TB induces temporary hyperglycemia, which is resolved by
treating this disease5,6, and uncontrolled diabetes is associated with numerous complications, such as vascular diseases, neuropathies, and increased susceptibility to infections2.
In Brazil, a study comparing the information gathered by the Health Supplement of the
National Household Sample Survey (Pesquisa Nacional por Amostra de Domicílios – PNAD),
in 1998, and data estimated by the Global Burden of Disease Project in Brazil on the prevalence of five chronic diseases — cirrhosis, depression, diabetes, chronic renal failure, and
tuberculosis — pointed to high incidence rates of these diseases in the country7.
In 2015, estimates by the International Diabetes Federation (IDF) indicated that 415 million adults aged 20–79 years had diabetes worldwide. If we add the 193 million undiagnosed
individuals, the disease could reach 642 million people by 2040. In areas of high prevalence
of diabetes, the impact of this disease on tuberculosis may be as significant as that of the
human immunodeficiency virus (HIV)8,9.
According to data from the survey Vigilância de Fatores de Risco e Proteção para Doenças
Crônicas por Inquérito Telefônico (Vigitel), conducted in 2016, among the 53,210 interviews
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performed in the 27 state capitals of Brazil, the frequency of adults who reported previous
medical diagnosis of diabetes ranged from 5.3% in Boa Vista to 10.4% in Rio de Janeiro.
All these cities showed a frequency of 8.9%, with 7.8% among men and 9.9% among women.
The diagnosis of the disease became more common with advancing age, in both genders,
particularly after the age of 45 years. More than a quarter of individuals aged 65 years or
older declared being diagnosed with diabetes. In both genders, the frequency of diabetes
was particularly high in subjects with up to eight years of schooling10.
Regarding tuberculosis, estimates indicate that 10 million people developed the disease
globally, of whom 5.8 million were men, 3.2 million were women, and 1 million were children, in 201711.
According to estimates by the World Health Organization (WHO), Brazil presented an
incidence coefficient of 44 cases per 100,000 inhabitants, ranking 30th among the 30 countries with the highest burden of tuberculosis in the world, in 2017. In 2015, the percentage
of tuberculosis detection in the country was 87%, according to WHO11.
In this context, this study aimed to identify, describe, and analyze the association
between the sociodemographic profile and the diagnostic, follow-up, and treatment
characteristics of tuberculosis cases with and without diabetes from 2007 to 2011, after
a probabilistic linkage of databases from tuberculosis and diabetes information systems
from the public health system (Sistema Único de Saúde – SUS). The information generated will expand the knowledge about the magnitude of the issue and may contribute
to discussions on the subject, supporting decision-making within the three management
domains to improve or implement new public policies for preventing and controlling
these diseases.

METHODS
STUDY TYPE
We carried out an analytical cross-sectional epidemiological study.

DATA SOURCES
The study data were collected from the national database of the Notifiable Diseases
Information System – Tuberculosis (Sistema de Informação de Agravos de Notificação da tuberculose – Sinan-tuberculosis) and the Hypertension and Diabetes Mellitus Primary Care Clinical
Management System (Sistema de Gestão Clínica de Hipertensão Arterial e Diabetes Mellitus da
Atenção Básica – Hiperdia).
Sinan is the official compulsory notification system in Brazil, and tuberculosis is one of
the diseases that require notification12. Until 2013, Hiperdia was the official system used for
3
REV BRAS EPIDEMIOL 2020; 23: E200009

ABREU, R.G. ET AL.

diabetes notification, generating information about the performance and clinical results
during follow-up. This system aimed at registering and monitoring individuals with hypertension and/or DM treated in SUS outpatient clinics, enabling information production for
the regular and systematic acquisition, dispensing, and distribution of drugs for all registered patients13.

STUDY POPULATION
The study comprised data from individuals with tuberculosis and without diabetes
reported to the national Sinan-tuberculosis databases and from individuals with tuberculosis
and diabetes reported to the national Sinan and associated databases, after the probabilistic
linkage of these Sinan databases with diabetes cases recorded in Hiperdia.

DATABASE LINKAGE
We standardized the common fields in the database linkage by using:
(i) comparison of the person’s name, mother’s name, and date of birth; application of
algorithms for approximate character string comparison;
(ii) blocking, with the databases divided into mutually exclusive blocks, comparisons
restricted to records of the same block, and optimization of the comparison between
records;
(iii) score calculation;
(iv) definition of thresholds to classify pairs of records and identify them as true or
non-pairs.
For the probabilistic linkage and verification of possible cases of comorbidity that were
not notified to Sinan-tuberculosis, the database of Sinan-tuberculosis considered the cases
reported from January 1, 2001 to December 31, 2012, and the database of Hiperdia, from
January 1, 2007 to December 31, 2011. The periods are different to try to gather a higher
number of cases for this comorbidity. The final database included cases of tuberculosis
without tuberculosis and diabetes comorbidity, notified to Sinan from January 1, 2007 to
June 30, 2011 and cases with tuberculosis and diabetes comorbidity — those reported to
Sinan-tuberculosis informing the association with diabetes and the ones retrieved after the
linkage of these databases. We excluded cases of tuberculosis registered in Sinan after June
2011, as cases diagnosed after this date would finish the six-month recommended treatment14 only in 2012 (outside the study period and without information from the diabetes
records in Hiperdia).
We adopted probabilistic procedures to generate a combined database with TB and DM
cases, using the Reclink software, version 3.0, with common fields to identify, with established
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probabilities, whether the paired records belonged to the same individual. This final formatted database considered paired cases, present in both bases, and those that were only in
Sinan-tuberculosis (not paired with the records from Hiperdia). In the database with TB cases
only, TB cases reported without associated diabetes were classified as without comorbidity,
i.e., those whose variable associated diseases and illnesses — diabetes had code 2 (No) on the
Sinan form. Cases with code 9 (ignored) or blank for the same variable were excluded. The
other part of the database, with the paired cases for comorbidity, included: cases of tuberculosis reported to Sinan with code 1 (Yes) for the variable associated diseases and illnesses
— diabetes; cases of diabetes registered in Hiperdia before the tuberculosis case reported
to Sinan; and cases of diabetes and tuberculosis registered and notified in the same year in
both systems — Hiperdia and Sinan.

VARIABLES OF INTEREST
This study considered the presence and absence of TB and DM comorbidity as dependent variables. The two groups were compared having as independent variables the following sociodemographic characteristics: gender, age group, ethnicity, years of schooling, and
regular alcohol consumption; as well as diagnostic and treatment characteristics of tuberculosis, such as: HIV serology, smear microscopy with the first sputum sample, sputum culture, smear microscopy after the sixth month of treatment, chest X-ray, supervised treatment, type of case for treatment, and condition at the end of treatment.

DATA PROCESSING AND ANALYSIS
Before processing and analyzing the data in the final database, we cleaned and adjusted
the variables we would use, excluding blank fields and those filled with the ignored code (9)
in the sociodemographic characteristics (gender, ethnicity, regular alcohol consumption) and
diagnostic and treatment characteristics of tuberculosis (HIV serology, smear microscopy
with the first sputum sample, sputum culture, smear microscopy after the sixth month of
treatment, chest X-ray, and supervised treatment). In addition, the variables were adjusted
and categorized into strata according to date of birth, ethnicity, and years of schooling.
Moreover, for the diagnostic and treatment characteristics of tuberculosis, we chose to consider only the tests performed, with a positive or negative result, or the X-ray tests carried
out, with normal or suspicious results, with the exclusion of some fields.
After organizing the database, we conducted a bivariate analysis to estimate the differences between the proportions of the variables in the groups with and without comorbidity. Data were processed in the software Microsoft Excel® and the Statistical Package for
the Social Sciences (SPSS), version 20, with the application of Pearson’s χ2 test, considering
a 5% statistical significance level.
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After the bivariate analysis, we used the Poisson regression model with robust variance
in the analytical stage, following the hierarchical model shown in Chart 1, and adopting
the prevalence ratio (PR) as an association measure. We used the Akaike information criterion to select the models. Each hierarchical level employed the backward method to
select the independent variables. Associated variables with p≤0.05 remained in the model
to control confounding factors. We calculated 95% confidence intervals (95%CI) and
assessed the quality of the model adjustment by using standardized residuals to investigate whether the model assumptions, such as homoscedasticity and normally distributed
errors, were violated. The analyses were performed with the assistance of the STATA 12
software (StataCorp, 2011).

ETHICAL ASPECTS
The Ministry of Health provided the nominal databases of Sinan and Hiperdia, through the
National Program for Tuberculosis Control and the SUS Technology Department (Datasus),
upon signature of a Responsibility Form by the researcher. The Research Ethics Committee
of the School of Health Sciences at Universidade de Brasília approved the research project,
under report number 552,561, on March 11, 2014.

RESULTS
The final database included 24,443 people with TB and diabetes comorbidity – from the
Sinan-tuberculosis database and the linked database – and 314,382 individuals with TB and
no diabetes – from the Sinan-tuberculosis database.
The bivariate analysis assessed 338,825 records of people with TB, from 2007 to 2011.
Out of this total, 7.2% had TB and diabetes, and 92.8% had only TB. Among the cases with
comorbidity, 6.8% (224,661) were male and 8.1% (108,144), female; the predominant age
group was 60 years and older (17.6%); white people were the most frequent (7.5%), unlike
the group with people with TB alone, which showed prevalence of other ethnicities (94.2%);
and the proportion of individuals with up to four years of schooling was the highest in this
Chart 1. Hierarchical levels of the adjusted analysis: robust Poisson model.
Hierarchical levels

Variables

Level 1

Gender, age, ethnicity

Level 2

Level 1 (significant) + HIV, sputum smear microscopy – first sample, chest X-ray

Level 3

Level 2 (significant) + type of case

Level 4

Level 3 (significant) + outcome

HIV: human immunodeficiency virus.
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group. In the group without comorbidity, those with more than eight years of study were
more prevalent (95.3%). All analyses were statistically significant, with p<0.001. Alcohol
consumption was the only non-statistically significant variable, with p=0.735 and similar
proportions in each group (Table 1).
Regarding the diagnostic tests, follow-up, and treatment of TB, the comorbidity group
showed positive HIV serology in 2.9% of patients and negative in 7.2%; 6.4% of cases presented negative smear microscopy of the first sputum sample, while 8.1% had a positive
result; the proportion of suspicious chest X-ray was 7.6% and results were normal in 5.1%
of these individuals. Regarding the type of case, 7.4% were new cases; 7.2% were relapses;
and 4.0% were cases of return after treatment discontinuation. The outcome analysis
included cure, treatment discontinuation, and death from TB, with proportions of 7.4, 4.1,
and 10.2%, respectively. All variables were statistically significant, except supervised treatment, with p=0.682 (Table 2).

Table 1. Distribution of tuberculosis cases with and without diabetes, according to sociodemographic
characteristics. Brazil, 2007–2011.
Tuberculosis and diabetes mellitus
comorbidity
Characteristics* (n)

Gender (338,805)

Age group (334,281)

Ethnicity (294,473)

Years of schooling
(210,177)

Alcohol consumption
(333,346)

Yes

No

n (%)

n (%)

Male

15,230 (6.8)

209,431 (93.2)

Female

9,211 (8.1)

104,933 (91.9)

0–19

331 (1.1)

29,245 (98.9)

20–39

3,303 (2.2)

146,358 (97.8)

40–59

12,763 (11.5)

98,681 (88.5)

60+

7,671 (17.6)

35,929 (82.4)

White

8,698 (7.5)

106,966 (92.5)

Black/
multiracial

12,424 (7.2)

159,717 (92.8)

Other

388 (5.8)

6,280 (94.2)

≤ 4 years

1,852 (11.0)

14,917 (89.0)

5–8 years

13,418 (7.2)

172,301 (92.8)

> 8 years

362 (4.7)

7,327 (95.3)

Yes

3,277 (6.5)

46,784 (93.5)

No

18,659 (6.6)

264,626 (93.4)

*Valid values; **Pearson’s χ2 test.
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Table 3 presents the adjusted analysis through the Poisson hierarchical model with robust
variance of the association between TB and diabetes comorbidity and the independent variables.
The prevalence of comorbidity was higher in females (PR=1.31; 95%CI 1.27–1.35) when compared to males. The hierarchical model also showed that individuals in the 40–59 and ≥60 years
age groups had the highest association with comorbidity (PR=11.70; 95%CI 10.21–13.39 and
PR=17.49; 95%CI 15.26–20.05, respectively). The same occurred with those with positive smear
microscopy – first sputum sample (PR=1.40; 95%CI 1.35–1.47). Moreover, individuals with suspicious chest X-ray also had a greater association with comorbidity (PR=1.22; 95%CI 1.09–1.37)
Table 2. Distribution of tuberculosis cases with and without diabetes, according to diagnostic and
treatment characteristics. Brazil, 2007–2011.
Tuberculosis and diabetes
mellitus comorbidity
Characteristics* (n)

Yes

No

n (%)

n (%)

Positive

1,086 (2.9)

36,180 (97.1)

Negative

11,605 (7.2)

150,070 (92.8)

Sputum smear
microscopy – 1st
sample (269,718)

Negative

5,587 (6.4)

81,733 (93.6)

Positive

14,737 (8.1)

167,661 (91.9)

Sputum culture
(64,424)

Positive

2,634 (6.6)

36,987 (93.4)

Negative

1,554 (6.3)

23,249 (93.7)

Positive

214 (9.7)

2,000 (90.3)

Negative

7,126 (7.9)

83,376 (92.1)

Normal

940 (5.1)

17,557 (94.9)

Suspicious

20,340 (7.6)

247,406 (92.4)

Yes

9,512 (7.4)

118,531 (92.6)

No

11,235 (7.5)

139,174 (92.5)

New case

20,896 (7.4)

261,698 (92.6)

Relapse

1,513 (7.2)

19,545 (92.8)

Return after treatment
discontinuation

775 (4.0)

18,434 (96.0)

Cure

17,059 (7.4)

214,292 (92.6)

Treatment discontinuation

1,536 (4.1)

35,839 (95.9)

Death from tuberculosis

1,114 (10.2)

9,854 (89.8)

HIV (198,941)

Sputum smear
microscopy – 6th
month (92,716)
Chest X-ray
(286,243)
Supervised
treatment (278,452)

Type of case
(322,861)

Outcome (279,694)

*Valid values; **Pearson’s χ2 test; HIV: human immunodeficiency virus.
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when compared to individuals with normal results. In turn, individuals who tested positive for
HIV were less associated with comorbidity (PR=0.53; 95%CI 0.49–0.58). The cases of return after
treatment discontinuation and treatment discontinuation were also inversely associated in people with comorbidity (PR=0.66; 95%CI 0.57–0.76 and PR=0.79; 95%CI 0.72–0.87, respectively).
Table 3. Hierarchical multivariate analysis of the association between tuberculosis and diabetes
comorbidity and sociodemographic, diagnostic, and treatment characteristics in Brazil, 2007 to 2011.
Levels

Adjusted analysis: robust Poisson
model.

Characteristics* (n)

PR
Gender (338,805)

Age group (334,281)
Level 1

Ethnicity (294,473)

HIV (198,941)

Level 2

Sputum smear microscopy –
1st sample (269,718)
Chest X-ray (286,243)

Level 3

Level 4

Type of case (322,861)

Outcome (279,694)

p

95%CI

<0.001

1.27–1.35

Male

1.00

Female

1.31

0–19

1.00

20–39

2.15

<0.001

1.86–2.47

40–59

11.70

<0.001

10.21–13.39

60+

17.49

<0.001

15.26–20.05

White

1.00

Black/
multiracial

1.04

0.030

1.00–1.07

Other

0.84

0.005

0.75–0.95

Negative

1.00

Positive

0.53

<0.001

0.49–0.58

Negative

1.00

Positive

1.40

<0.001

1.35–1.47

Normal

1.00

Suspicious

1.22

0.001

1.09–1.37

New case

1.00

Relapse

0.87

<0.001

0.80–0.94

Return after
treatment
discontinuation

0.66

<0.001

0.57–0.76

Cure

1.00

Treatment
discontinuation

0.79

<0.001

0.72–0.87

Death from
tuberculosis

0.95

0.426

0.84–1.08

*Valid values; HIV: human immunodeficiency virus; 95%CI: 95% confidence interval.
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DISCUSSION
Diabetes is one of the main factors that hinder the reduction in the incidence of TB
worldwide. As the prevalence of diabetes is increasing globally, particularly in low- and middle-income countries where TB is a public health problem, this growth creates additional
obstacles for TB prevention and control15,16.
Regardless of the region where the studies were conducted, people with diabetes show an
increased risk of developing TB. A study in India suggested that 14.8% of TB cases may be attributable to diabetes17. In 1991, an investigation conducted in the United States revealed that the
risk of TB associated with DM among middle-aged Hispanics was 25.2%4. Among the TB cases
reported to Sinan in 2009, Reis-Santos et al. found a prevalence of diabetes of 5.4%, below the
findings of this study (7.2%) for the period18. In another study in Texas, on the border with Mexico,
people with diabetes were almost twice as likely to have TB as those who did not have diabetes19.
Contrary to other findings that showed no difference in frequencies between genders
when comparing groups with and without comorbidity or pointed to a higher proportion
of males among those with comorbidity20-22, this study showed a predominance of females,
probably due to the greater percentage of women notifying the diagnosis of diabetes to Basic
Health Units of SUS and seeking health services more frequently than men. Vigitel 2014
presented similar results regarding the percentage of women who reported diabetes10,23,24.
In India, Indonesia, Malaysia, Saudi Arabia, Taiwan, and Mexico, studies have shown the
predominance of comorbidity with advancing age. This study revealed a similar result, possibly because of the association between type 2 DM and older age21,22,25-30.
After analyzing the schooling among people with comorbidity, this study identified that
individuals with up to four years of schooling were more prevalent. In the group without
comorbidity, the proportion of people with more than eight years of study was higher. Still
in the group with comorbidity, white people were more prevalent, similarly to findings from
the study by Reis-Santos18.
Concerning radiological examinations, some studies found no differences in X-ray patterns suspicious for pulmonary tuberculosis among people with and without diabetes31,32,
unlike the results from other investigations that showed atypical radiographic characteristics in individuals with comorbidity8,33-35. In this study, individuals with suspicious chest
X-ray results had a greater association with comorbidity when compared to individuals who
presented normal results.
Probably due to the larger number of tests performed in individuals with comorbidity,
the present study revealed that this group had a higher incidence of positive smear microscopy of the first sputum sample, corroborating other findings18,26,31,36-38. In addition, DM may
negatively affect the outcome of TB treatment22,33,39,40.
With respect to TB relapse in people with diabetes, the findings have varied. Some studies have reported increased relapse in individuals with diabetes39,40, while others claimed that
there was no difference21,41,42. This study identified that the group with TB and diabetes had
a lower prevalence of relapse.
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Similar to the findings from the study by Reis-Santos18 in 2009, this investigation revealed
that individuals with comorbidity were less likely to return after discontinuing TB treatment,
possibly because the probability of treatment discontinuation is lower in this group, which
could be associated with the fact that people with diabetes have a closer relationship with
Basic Health Units. In the 2000s, the Reorganization Plan for Hypertension and Diabetes
Mellitus Care, from the Ministry of Health, proposed training the professionals from the
primary care system, with guaranteed diagnosis and actions to expand the adherence to
treatment and follow-up in health units among people with diabetes43,44.
Considering that filling the field disease associated with tuberculosis is not mandatory in the
Sinan form, the large percentage of blank records can be cited as a limitation of this study,
resulting in an increase in underreporting of TB and diabetes comorbidity, as well as the inadequate treatment of the population. We emphasize that registering this field is extremely
important, as diabetes and TB comorbidity has been growing, and clinical practices and the
monitoring of cases are becoming more necessary every day. Other limitations include
the non-completeness of variables used for the association, the use of secondary data, and,
consequently, the possibility of underreporting of diabetes cases notified to Sinan-tuberculosis
in the studied period – which may have been mitigated after the database linkage –, as well as
the high number of smear microscopy of the first sputum sample, sputum culture, and chest
X-ray not performed or not recorded. In addition, some TB cases had no outcome data, and
some diabetes cases might not have been notified to Hiperdia. Thus, we cannot guarantee
that the population with both diseases is represented in the database compiled.
Also, database linkage, as an applied method, does not replace primary data collection
and may limit the analysis.

CONCLUSION
Although much has been done, investing in studies and adopting actions to prevent TB
and diabetes comorbidity are still necessary, including health promotion activities, active
search for cases, treatment and prevention, better monitoring of sick people, and, consequently, greater success in the therapy administered.
This study provided an epidemiological profile of reported cases of TB, as well as TB
and diabetes comorbidity, describing the association between the main indicators of interest
and reinforcing the importance of integrated care actions in health services to avoid future
cases and change the scenario of this challenging comorbidity.

ACKNOWLEDGMENT
We thank the important collaboration of Professor Doctor Mauro Sanchez from the
Universidade de Brasília.
11
REV BRAS EPIDEMIOL 2020; 23: E200009

ABREU, R.G. ET AL.

REFERENCES
13. Brazil. Ministério da Saúde. Portaria Conjunta n.º
02/SPS/SE, de 5 de março de 2002. Disponibiliza, no
âmbito da atenção básica, instrumento de cadastro e
acompanhamento dos portadores de Hipertensão Arterial
e Diabetes Mellitus, Sishiperdia, para utilização pelos
municípios. Diário Oficial da União 2002a; Seção 1:38.
14. Br azil. Ministério da Saúde. Secretaria de
Vigilância em Saúde. Departamento de Vigilância
Epidemiológica. Manual de recomendações para o
controle da tuberculose no Brasil. Brasília: Ministério
da Saúde; 2011.
15. Odone A, Houben RMGJ, White RG, Lönnroth K.
The effect of diabetes and undernutrition trends
on reaching 2035 global tuberculosis targets. Lancet
Diabetes Endocrinol 2014; 2(9): 754-64. https://doi.
org/10.1016/S2213-8587(14)70164-0
16. Lönnroth K, Roglic G, Harries AD. Improving
tuberculosis prevention and care through addressing
the global diabetes epidemic: from evidence to policy
and practice. Lancet Diabetes Endocrinol 2014; 2(9):
730-9. https://doi.org/10.1016/S2213-8587(14)70109-3
17. Stevenson CR, Forouhi NG, Roglic G, Williams BG,
Lauer JA, Dye C, et al. Diabetes and tuberculosis:
the impact of the DM epidemic on tuberculosis
incidence. BMC Public Health 2007; 7: 234. https://
doi.org/10.1186/1471-2458-7-234
18. Reis-Santos B, Locatelli R, Horta BL, Faerstein E,
Sanchez MN, Riley LW, et al. Socio-Demographic
and Clinical Differences in Subjects with Tuberculosis
with and without Diabetes Mellitus in Brazil – A
Multivariate Analysis. PLoS One 2013; 8(4): e62604.
https://doi.org/10.1371/journal.pone.0062604
19. Pérez A, Brown HS, Restrepo BI. Association between
tuberculosis and diabetes in the Mexican border and
non-border regions of Texas. Am J Trop Med Hyg
2006; 74(4): 604-11.
20. Ruslami R, Aarnouttse RE, Alisjahbana B, Van Der Vem
AJ, Van Crevel R. Implications of the global increase
of diabetes for tuberculosis control and patient care.
Trop Med Int Health 2010; 15(11): 1289-99. https://
doi.org/10.1111/j.1365-3156.2010.02625.x
21. Singla R, Khan N, Al-Sharif N, Ai-Sayegh MO,
Shaikh MA, Osman MM. Influence of diabetes on
manifestations and treatment outcome of pulmonary
TB patients. Int J Tuberc Lung Dis 2006; 10(1): 74-9.
22. Ponce-De-Leon A, Garcia-Garcia ML, Garcia-Sancho
MC, Gomez-Perez FJ, Valdespino-Gomez JL, OlaizFernandez G, et al. Tuberculosis and Diabetes in
Southern Mexico. Diabetes Care 2004; 27(7): 158490. https://doi.org/10.2337/diacare.27.7.1584

1. Jeon CY, Murray MB. Diabetes mellitus increases the
risk of active tuberculosis: a systematic review of 13
observational studies. PLoS Med 2008; 5(7): e152.
https://doi.org/10.1371/journal.pmed.0050152
2. Dooley KE, Chaisson RE. Tuberculosis and diabetes
mellitus: convergence of two epidemics. Lancet Infect
Dis 2009; 9(12): 737-46. https://dx.doi.org/10.1016%
2FS1473-3099(09)70282-8
3. Harries AD, Billo N, Kapur A. Links between diabetes
mellitus and tuberculosis: should we integrate screening
and care? Trans R Soc Trop Med Hyg 2008; 103(1):
1-2. https://doi.org/10.1016/j.trstmh.2008.08.008
4. Pablos-Méndez A, Blustein J, Knir sch CA.
The Role of Diabetes Mellitus in the Higher
Prevalence of Tuberculosis among Hispanics. Am
J Public Health 1997; 87(4): 574-9. https://dx.doi.
org/10.2105%2Fajph.87.4.574
5. Oluboyo PO, Erasmus RT. The significance of
glucose intolerance in pulmonary tuberculosis.
Tu b e rc l e 1 9 9 0 ; 7 1 ( 2 ) : 1 3 5 - 8 . h t t p s : / / d o i .
org/10.1016/0041-3879(90)90010-6
6. Basoglu OK, Bacakoglu F, Cok G, Sayiner A, Ates M. The
oral glucose tolerance test in patients with respiratory
infections. Monaldi Arch Chest Dis 1999; 54(4): 307-10.
7. Leite IDC, Schramm JMDA, Gadelha AMJ, Valente
JG, Campos MR, Portela MC, et al. Comparação das
informações sobre as prevalências de doenças crônicas
obtidas pelo suplemento saúde da PNAD/98 e as
estimadas pelo estudo Carga de Doença no Brasil.
Ciênc Saúde Coletiva 2002; 7(4): 733-41. http://dx.doi.
org/10.1590/S1413-81232002000400010
8. Rawat J, Sindhwani G, Biswas D. Effect of age on
presentation with diabetes: Comparison of nondiabetic patients with new smear-positive pulmonary
tuberculosis patients. Lung 2011; 28(3): 187-90. https://
doi.org/10.4103/0970-2113.83975
9. International Diabetes Federation. IDF Diabetes Atlas.
7ª ed. Bruxelas: International Diabetes Federation; 2015.
10. Brazil. Ministério da Saúde. Secretaria de Vigilância
em Saúde. Vigilância de fatores de risco e proteção
para as doenças crônicas por inquérito telefônico:
VIGITEL 2016. Brasília: Ministério da Saúde; 2017.
11. World Health Organization. Global tuberculosis report
2018. Geneva: World Health Organization; 2018.
12. Brazil. Ministério da Saúde. Portaria nº 204, de 17 de
fevereiro de 2016. Define a Lista Nacional de Notificação
Compulsória de doenças, agravos e eventos de saúde
pública nos serviços de saúde públicos e privados em todo
o território nacional, nos termos do anexo, e dá outras
providências. Diário Oficial da União 2016; Seção 1:23.
12

REV BRAS EPIDEMIOL 2020; 23: E200009

Tuberculosis and diabetes: association with sociodemographic characteristics and diagnosis and treatment of tuberculosis. Brazil, 2007-2011

36. Pereira e Silva, Araujo Neto CA, Ramos EAG.
Tuberculose pulmonar de apresentação atípica e
diabetes mellitus. J Bras Pneumol 1985; 11(3): 164.
37. Restrepo BI, Fisher-Hock SP, Crespo JG, Whitney
E, Perez A, Smith B, et al. Type 2 diabetes and
tuberculosis in a dynamic bi-national border population.
Epidemiol Infect 2007; 135(3): 483-91. https://doi.
org/10.1017/S0950268806006935
38. Güler M, Unsal E, Dursun B, Aydln O, Capan N. Factors
influencing sputum smear and culture conversion
time among patients with new case pulmonary
tuberculosis. Int J Clin Pract 2007; 61(2): 231-5. https://
doi.org/10.1111/j.1742-1241.2006.01131.x
39. Araújo LMB, Costa MS, Barcia T, Pinheiro E, Cruz
Filho A, Silva IS, et al. Tuberculose e diabete melito.
J Bras Pneumol 1990; 16(4): 193-6.
40. Mboussa J, Monabeka H, Kombo M, Yokolo D, YokaMbio A, Yala F. Course of pulmonary tuberculosis in
diabetics. Rev Pneumol Clin 2003; 59(1): 39-44.
41. Morsy AM, Zaher HH, Hassan MH, Shouman A.
Predictors of treatment failure among tuberculosis
patients under DOTS strategy in Egypt. East Mediterr
Health J 2003; 9(4): 689-701.
42. Kameda K, Kawabata S, Masuda N. Follow-up study of
short course chemotherapy of pulmonary tuberculosis
complicated with diabetes mellitus. Kekkaku 1990;
65(12): 791-803.
43. Zhang Q, Xiao H, Sugawara I. Tuberculosis complicated
by diabetes mellitus at Shanghai pulmonary hospital,
China. Jpn J Infect Dis 2009; 62(5): 390-1.
44. Brazil. Ministério da Saúde. Secretaria de Políticas
de Saúde. Plano de Reorganização da Atenção à
Hipertensão Arterial e ao Diabetes Mellitus. Manual
de Hipertensão arterial e Diabetes mellitus. Brasília:
Ministério da Saúde; 2002.

23. Brazil. Ministério do Planejamento, Orçamento e Gestão.
Instituto Brasileiro de Geografia e Estatística (Brazilian
Institute of Geography and Statistics). Pesquisa Nacional
de Saúde 2013. Percepção do estado de saúde, estilos
de vida e doenças crônicas. Brasil, Grandes Regiões e
Unidades da Federação. Rio de Janeiro: Ministério do
Planejamento, Orçamento e Gestão; 2014.
24. Silva ZP, Ribeiro MCSA, Barata RB, Almeida MF. Perfil
sociodemográfico e padrão de utilização dos serviços
de saúde do Sistema Único de Saúde (SUS), 2003-2008.
Ciênc Saúde Coletiva 2011; 16(9): 3807-16.
25. Jain MK, Baghel PK, Agrawal R. Study of impaired
glucose tolerance in pulmonary tuberculosis. Indian
J Community Med 2006; 31(3): 137-9.
26. Alisjahbana B, Sahiratmadja E, Nelwan EJ, Purwa AM,
Ahmad Y, Ottenhoff TH, et al. The effect of type 2
diabetes mellitus on the presentation and treatment
response of pulmonary tuberculosis. Clin Infect Dis
2007; 45(4): 428-35. https://doi.org/10.1086/519841
27. Chang JT, Dou HY, Yen CL, Wu YH, Huang RM, Lin HJ,
et al. Effect of type 2 diabetes mellitus on clinical severity
and treatment outcome in patients with pulmonary
tuberculosis: A potential role in the emergence of multidrug resistance. J Formos Med Assoc 2011; 110(6): 37281. https://doi.org/10.1016/S0929-6646(11)60055-7
28. Guptan A, Shah A. Tuberculosis and Diabetes: An
Appraisal. Ind J Tub 2000; 47: 3.
29. Deshmukh PA, Shaw T. Pulmonary tuberculosis and
diabetes mellitus. Ind J Tuberc 1984; 31: 114-7.
30. Tripathy SR, Kar KP, Chakraborty DC, Mazumdar
AK. Diabetes mellitus and pulmonary tuberculosis –
a prospective study. Ind J Tuberc 1984; 31(3): 122-5.
31. Abreu RG, Sousa AIA, Oliveira MRF, Sanchez MN.
Tuberculose e diabetes: relacionamento probabilístico de
bases de dados para o estudo da associação entre ambas
doenças. Epidemiol Serv Saúde 2017; 26(2): 359-68.
http://dx.doi.org/10.5123/s1679-49742017000200013
32. Raghuraman S, Vasudevan KP, Govindarajan S,
Chinnakali P, Panigrahi KC. Prevalence of Diabetes
Mellitus among Tuberculosis. N Am J Med Sci 2014;
6(1): 30-4. https://doi.org/10.4103/1947-2714.125863
33. Morris JT, Seaworth BJ, McAllister CK. Pulmonary
tuberculosis in diabetics. Chest 1992; 102(2): 539-41.
https://doi.org/10.1378/chest.102.2.539
34. Bukhary ZA. Rediscovering the Association Between
Tuberculosis and Diabetes Mellitus: A Perspective. J
T U Med Sc 2008; 3(1): 1-6. https://doi.org/10.1016/
S1658-3612(08)70047-7
35. Kishan J, Garg K. Tuberculosis and diabetes mellitus: a Case
Series of 100 Patients. SAARC J Tuber Lung Dis HIV/Aids
2010; 7(2): 34-8. https://doi.org/10.3126/saarctb.v7i2.4404

Received on: 09/19/2018
Revised on: 11/05/2018
Accepted on: 11/12/2018
Authors’ contribution: The author Ricardo Gadelha
de Abreu participated in the study conception,
writing, epidemiological analysis, and manuscript
review. The author Lúcia Santana Rolim contributed
to the epidemiological analysis and manuscript
review. The author Artur Iuri Alves de Sousa
contributed to the epidemiological analysis and
manuscript review. The author Maria Reg ina
Fernandes de Oliveira participated in the study
conception, writing, epidemiological analysis, and
manuscript review.

© 2020 Associação Brasileira de Saúde Coletiva
This is an open access article distributed under the terms of the Creative Commons license.

13
REV BRAS EPIDEMIOL 2020; 23: E200009

