
M a j o r  a r t i c l e

Impact of Dysglycemia on TB Treatment Outcomes • jid 2021:XX (XX XXXX) • 1

The Journal of Infectious Diseases

 

Received 10 March 2021; editorial decision 20 August 2021; accepted 23 August 2021;  
published online October 15, 2021.

aM. B. A., M. A.-P., B. B.-D., and B. N. contributed equally to this work.
Correspondence: Bruno B. Andrade, MD, PhD, Laboratório de Inflamação e Biomarcadores, 

Instituto Gonçalo Moniz, Fundação Oswaldo Cruz, Rua Waldemar Falcão, 121, Candeal, 
Salvador, Bahia 40296-710, Brazil (bruno.andrade@fiocruz.br).

The Journal of Infectious Diseases®  2021;XX:0–0
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
https://doi.org/10.1093/infdis/jiab427

The Effect of Diabetes and Prediabetes on Antituberculosis 
Treatment Outcomes: A Multicenter Prospective 
Cohort Study
María B. Arriaga,1,2,3,a Mariana Araújo-Pereira,1,2,3,a Beatriz Barreto-Duarte,1,2,4,a Betânia Nogueira,2,3,5,a Maria Vitória C. N. S. Freire,6 Artur T. L. Queiroz,2,7 
Moreno M. S. Rodrigues,8 Michael S. Rocha,2,5 Alexandra B. Souza,9,10 Renata Spener-Gomes,9,10,11 Anna Cristina C. Carvalho,12,13 Marina C. Figueiredo,14 
Megan M. Turner,14 Betina Durovni,15 José R. Lapa-e-Silva,12 Afrânio L. Kritski,12 Solange Cavalcante,15 Valeria C. Rolla,16 Marcelo Cordeiro-Santos,9,10,17 
Timothy R. Sterling,14 and Bruno B. Andrade,1,2,3,4,6,14, ; for the Regional Prospective Observational Research in Tuberculosis (RePORT)–Brazil Consortium
1Laboratório de Inflamação e Biomarcadores, Instituto Gonçalo Moniz, Fundação Oswaldo Cruz, Salvador, Brazil, 2Multinational Organization Network Sponsoring Translational and Epidemiological 
Research Initiative, Salvador, Brazil, 3Faculdade de Medicina, Universidade Federal da Bahia, Salvador, Brazil, 4Curso de Medicina, Universidade Salvador, Salvador, Brazil, 5Instituto Brasileiro 
para Investigação da Tuberculose, Fundação José Silveira, Salvador, Brazil, 6Curso de Medicina, Escola Bahiana de Medicina e Saúde Pública, Salvador, Brazil, 7Center of Data and Knowledge 
Integration for Health, Instituto Gonçalo Moniz, Fundação Oswaldo Cruz, Salvador, Brazil, 8Laboratório de Análise e Visualização de Dados, Fundação Oswaldo Cruz, Porto Velho, Brazil, 9Fundação 
Medicina Tropical Dr Heitor Vieira Dourado, Manaus, Brazil, 10Programa de Pós-Graduação em Medicina Tropical, Universidade do Estado do Amazonas, Manaus, Brazil, 11Universidade Federal 
do Amazonas, Manaus, Brazil, 12Programa Acadêmico de Tuberculose da Faculdade de Medicina, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, 13Laboratório de Inovações em 
Terapias, Ensino e Bioprodutos, Instituto Oswaldo Cruz, Fiocruz, Rio de Janeiro, Brazil, 14Division of Infectious Diseases, Department of Medicine, Vanderbilt University School of Medicine, 
Nashville, Tennessee, USA, 15Secretaria Municipal de Saúde do Rio de Janeiro, Rio de Janeiro, Brazil, 16Laboratório de Pesquisa Clínica em Micobacteriose, Instituto Nacional de Infectologia 
Evandro Chagas, Fiocruz, Rio de Janeiro, Brazil, and 17Universidade Nilton Lins, Manaus, Brazil

Background. It is unclear whether diabetes or prediabetes affects unfavorable treatment outcomes and death in people with 
tuberculosis (PWTB).

Methods. Culture-confirmed, drug-susceptible PWTB, enrolled in the Regional Prospective Observational Research in 
Tuberculosis (RePORT)–Brazil cohort between 2015 and 2019 (N = 643) were stratified based on glycemic status according to base-
line glycated hemoglobin. Unfavorable tuberculosis (TB) outcome was defined as treatment failure or modification, recurrence, or 
death; favorable outcome was cure or treatment completion. We corroborated the findings using data from PWTB reported to the 
Brazilian National System of Diseases Notification (SINAN) during 2015–2019 (N = 20 989). Logistic regression models evaluated 
associations between glycemic status and outcomes.

Results. In both cohorts, in univariate analysis, unfavorable outcomes were more frequently associated with smoking, illicit 
drug use, and human immunodeficiency virus infection. Diabetes, but not prediabetes, was associated with unfavorable outcomes 
in the RePORT-Brazil (adjusted relative risk [aRR], 2.45; P < .001) and SINAN (aRR, 1.76; P < .001) cohorts. Furthermore, diabetes 
was associated with high risk of death (during TB treatment) in both RePORT-Brazil (aRR, 2.16; P = .040) and SINAN (aRR, 1.93; 
P = .001).

Conclusions. Diabetes was associated with an increased risk of unfavorable outcomes and mortality in Brazilian PWTB. 
Interventions to improve TB treatment outcomes in persons with diabetes are needed.

Keywords.  diabetes; prediabetes; treatment outcome; SINAN; Mycobacterium tuberculosis.

Diabetes mellitus (DM) is recognized by the World Health 
Organization (WHO) as a global epidemic [1]. This meta-
bolic disease triples the risk of active tuberculosis (TB) in pa-
tients with latent Mycobacterium tuberculosis (Mtb) infection 
[2]. In 2019, approximately 400 000 people with TB (PWTB) 
worldwide were also diagnosed with DM [3]. Importantly, DM 

prevalence is increasing globally, including settings with a high 
TB burden, such as China and India [4].

The high prevalence of DM among TB patients (10%–30%) in 
high-TB-burden countries and the negative impact of TB-DM 
comorbidity has been previously described by many groups 
[5–8], including higher mycobacterial loads and prevalence of 
sputum acid-fast bacilli positive, treatment failure, and death 
outcomes during TB treatment, among others.

We have reported an association between DM and more se-
vere TB clinical presentation (higher frequency of cough, night 
sweats, hemoptysis, and malaise) [9], increased lung pathology 
reflected by severe radiographic manifestations (higher number 
of pulmonary lesions, including cavitation) [10], increased bac-
terial load in sputum [11], and delayed sputum conversion after 
anti-TB treatment initiation [12]. Furthermore, activation of 
tissue remodeling responses [12] and increased and persistent 
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systemic inflammation [13] have been reported during treat-
ment in TB-DM patients. Thus, the increase in the number of 
people with DM may further complicate care and control of TB, 
especially in areas with a high burden of both diseases [14].

There is also evidence that patients with concomitant TB 
and DM have an increased risk of unfavorable anti-TB treat-
ment outcome such as failure, recurrence, and death compared 
to normoglycemic patients [15–17]. However, the findings have 
not been consistent [18, 19]. In the present study we evalu-
ated the effect of dysglycemia (DM or prediabetes [pre-DM]) 
on anti-TB treatment outcomes in a prospective Brazilian co-
hort of patients with pulmonary TB (Regional Prospective 
Observational Research in Tuberculosis [RePORT]–Brazil), 
and also among PWTB reported to the Brazilian National TB 
Registry through the National System of Diseases Notification 
(SINAN).

METHODS

Ethics Statement

The study was conducted according to the principles in the 
Declaration of Helsinki. The RePORT-Brazil protocol was ap-
proved by the institutional review boards at each study site 
and at Vanderbilt University Medical Center. Participation 
in RePORT-Brazil was voluntary, and written informed con-
sent was obtained from all participants. All data extracted 
from SINAN were public and freely accessible. All data were 
de-identified to preserve the anonymity of study participants.

Overall Study Design

RePORT-Brazil includes 5 study sites, located in 3 cities with 
high TB burden: 1 site each in Salvador and Manaus, and 3 sites 

in Rio de Janeiro [20]. One main objective of the consortium 
is to describe the clinical outcomes of TB treatment and latent 
Mtb infection in Brazil. The details of the sites and representa-
tiveness of the RePORT-Brazil cohort to all TB patients in Brazil 
have been described previously [20].

For the current analysis, we selected RePORT-Brazil parti-
cipants meeting the following inclusion criteria: pulmonary 
TB, age ≥18 years, and enrolled between June 2015 and June 
2019 (Figure 1A), with new or previously diagnosed culture-
positive sputum (Lowenstein–Jensen medium or BD BACTEC 
MGIT), who received anti-TB treatment and had a treatment 
outcome recorded in the study database. For this study we only 
used information from patients with confirmed anti-TB drug 
susceptibility to the first-line scheme drugs, in RePORT-Brazil 
and from the SINAN database. Clinical and epidemiological in-
formation was collected at 3 in-person visits: (i) at TB diagnosis 
and anti-TB treatment initiation (baseline); (ii) 2 months after 
initiating treatment; and (iii) at the completion of anti-TB treat-
ment. In addition, telephone follow-up was performed for all 
participants every 6 months until up to month 24. All data col-
lected were stored in REDCap [21].

To establish the glycemic status of PWTB, baseline glycated 
hemoglobin (HbA1c) (prior to TB treatment) in blood was 
measured. DM was defined according to American Diabetes 
Association guidelines [22]. Patients were classified as having 
DM (HbA1c ≥6.5%), pre-DM (HbA1c = 5.7%–6.4%), or nor-
moglycemia (HbA1c <5.7%). HbA1c ≥5.7% was classified as 
dysglycemia.

SINAN [23] includes diseases that require notification in 
all states and municipalities of Brazil; TB is a notifiable dis-
ease. The details of SINAN have been previously described 

RePORT-Brazil
(n = 920)

SINAN (2015–2019)
(n = 23 747)

277 Excluded

560 Favorable
outcome

-560 cure

83 Unfavorable outcome 20 729 Favorable
outcome

-20 729 cure

260 Unfavorable outcome

-140 treatment modification
-9 failure
-111 death

-9 treatment modification
-23 failure
-42 death
-9 relapse

-129 loss to follow-up
-13 transferred out
-22 change of  diagnosis
-113 any resistance

2758 Excluded
-1678 loss to follow-up
-449 transferred out
-203 death (no TB)
-428 any resistance

A B

Figure 1. Study flowchart presenting the people with tuberculosis (TB) included and excluded from Regional Prospective Observational Research in Tuberculosis (RePORT)–
Brazil (A) and reported to the Brazilian National System of Diseases Notification (SINAN, B) between 2015 and 2019.
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[20]. PWTB reported to SINAN are diagnosed following the 
criteria in the Brazilian Manual of Recommendations for 
Tuberculosis Control [24]. Diagnostic criteria include (i) 
clinical and epidemiologic factors (presumptive diagnosis); 
(ii) bacteriology (sputum smear positive) or positive culture 
for Mtb (solid or liquid media); (iii) positive Xpert MTB/RIF; 
(iv) chest radiography; or (v) in the case of extrapulmonary 
TB, histopathology [24]. For each TB case reported, charac-
teristics such as sex, age, race, education, alcohol consump-
tion, illicit drug use, smoking habits, comorbidities, presence 
of human immunodeficiency virus (HIV) infection, and test 
results, among others, were also reported. Glycemic status 
was reported to SINAN as a diagnosis of DM (yes/ no), not 
exclusively based on HbA1c level.

We used the SINAN information from the years 2015–2019 
to match the enrollment period of RePORT-Brazil [20] (Figure 
1B). Of note, in 2014 the “strategies for care of people with 
chronic diseases,” addressing comprehensive basic care for pa-
tients with TB and DM among others [25], was implemented 
in Brazil. In addition, we used data reported from Salvador, 
Manaus, and Rio de Janeiro, the cities with RePORT-Brazil 
study sites.

Outcome Definition

The primary outcome in this study was an unfavorable treat-
ment outcome, defined as treatment modification, treatment 
failure, recurrence, or death (during TB treatment). The sec-
ondary outcome was mortality (TB patient who dies for any 
reason before starting or during the course of treatment) [26]. 
All definitions of outcome treatments were established in ac-
cordance with the Manual of Recommendations for the Control 
of TB of Brazil [24]. The treatment outcome definitions used 
in RePORT-Brazil and SINAN are depicted in Supplementary 
Table 1. A favorable outcome was defined as cure or treatment 
completion (defined as at least 90% of the total number of doses 
over 1 year for drug-susceptible TB). Patients who were lost to 
follow-up or transferred out or had a change in diagnosis (not a 
TB case) as the treatment outcome were excluded. The numbers 
of participants per outcome in this study are shown in more 
detail in Figure 1.

Data Analysis

All analyses were prespecified. Medians and interquartile ranges 
(IQRs) were used as measures of central tendency. Categorical 
variables were represented as percentages and compared using 
a 2-sided Pearson χ 2 test with Yates correction or the Fisher 
2-tailed test in 2 × 3 or 2 × 2 tables, respectively. Quantitative 
variables were compared using the Mann–Whitney U test. We 
performed a logistic regression in both the RePORT-Brazil and 
SINAN cohorts, using variables with univariate P value ≤ .2 to 
assess the risk factors among characteristics of TB patients (1 
model for each stratification strategy of the glycemic status: 

dysglycemia, DM, pre-DM, and HbA1c value) with the com-
posite unfavorable treatment outcome or with mortality alone. 
Results from both regression approaches were presented in 
terms of relative risk (RR) and 95% confidence intervals (CIs). P 
values < .05 were considered statistically significant. Statistical 
analyses were performed using SPSS 25.0 (IBM Corporation, 
Armonk, New York), Graph Pad Prism 9.0 (GraphPad Software, 
San Diego, California), and JMP 13.0 (SAS Institute, Cary, 
North Carolina) software.

RESULTS

Factors Associated With TB Treatment Outcomes in RePORT-Brazil

The RePORT cohort included 643 participants with culture-
confirmed pulmonary TB who were treated with anti-TB drugs 
for at least 6 months. Patients were grouped according to treat-
ment outcomes: favorable (n  =  560 [87.1%]) and unfavorable 
(n = 83 [12.9%]) (Figure 1A). The median age in the RePORT 
cohort was 38 years (IQR, 27–52 years), and most study par-
ticipants were male. Patients with unfavorable outcomes more 
frequently reported current smoking (P = .025) and illicit drug 
use (P =  .006) (Table 1). These patients also had a higher fre-
quency of DM (P = .003) and HIV infection (P < .001) (Table 1). 
The proportion of individuals with dysglycemia (ie, with DM or 
pre-DM) did not differ significantly between those with unfa-
vorable vs favorable outcomes. In contrast, persons with unfa-
vorable outcomes had lower hemoglobin levels (10.6 g/dL [IQR, 
8.98–12.4  g/dL] vs 12.2  g/dL [IQR, 10.9–13.4  g/dL]) among 
those with favorable outcomes (P < .001; Table 1).

Regarding TB clinical presentation at study enrollment, pa-
tients who developed unfavorable outcomes were more likely 
to be living with HIV (P  <  .001) and to present with fatigue 
(P  <  .001), whereas those who experienced a favorable treat-
ment outcome more frequently presented with cough (P < .001) 
and hemoptysis (P = .043) (Supplementary Figure 1A and 1B).

We next evaluated the impact of baseline glycemic status on 
each type of treatment outcome (cure, treatment modification, 
failure, death, recurrence). Dysglycemia was more frequent in TB 
patients with treatment failure (P = .02) or who died (P = .045) 
during TB treatment (Figure 2). Baseline HbA1c values were 
distinguishable between the subgroups of participants who fur-
ther developed favorable and unfavorable outcome when the 
outcomes were examined individually (treatment modification, 
failure, death, recurrence, and cure). Individuals with favorable 
treatment outcomes had lower HbA1c levels than those who ex-
perienced treatment modification (P = .016), treatment failure 
(P  =  .002), or death (P  =  .047) during treatment follow-up. 
Among individuals with unfavorable outcomes, those who ex-
perienced treatment modification had lower HbA1c values than 
patients who had treatment failure (P < .001) or died (P = .012) 
(Figure 2). Furthermore, TB patients who experienced treat-
ment failure, recurrence, or death exhibited a median HbA1c of 
6.6 g/dL (IQR, 5.9–9.6 g/dL).
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Determinants of TB Treatment Outcomes in SINAN

In the SINAN cohort, 23 747 PWTB were notified in the 3 cities 
where RePORT study sites are located. A total of 2758 were ex-
cluded for reasons listed in Figure 1, resulting in a cohort of 
20  989 PWTB. Males represented >60% of patients in both 

groups, and patients with unfavorable outcomes were older 
(39 years [IQR, 33–47 years]; P < .001) and more likely to report 
smoking (P = .003), alcohol consumption (P = .019), and illicit 
drug use (P = .014) than those with favorable outcomes. Among 
patients with HIV coinfection, those with unfavorable outcome 
were less likely to report antiretroviral therapy (P < .001) than 
patients with favorable outcome. Unfavorable outcome was 
associated with previous TB (P  <  .001), DM (P  =  .022), HIV 
coinfection (P < .001), and other comorbidities (P = .004) (Table 
2, Supplementary Figure 1C).

We likewise evaluated the impact of glycemic status on the 
TB clinical presentation by the study participants in both co-
horts (Supplementary Figure 2). In RePORT patients, weight 
loss was more commonly observed in people with DM 
than in those with pre-DM or normoglycemia (P  <  .001). 
In patients from SINAN, there was a higher proportion of 
PWTB with dysglycemia presenting with a positive smear 
at baseline than in those with normoglycemia (P  <  .001). 
In addition, frequency of HIV infection was higher in the 
normoglycemic patients from the SINAN dataset (P < .001). 
Additional details of other clinical factors are displayed in 
Supplementary Figure 2.

Multivariable Logistic Regression to Assess Association Between 

Glycemic Status and TB Treatment Outcomes

A logistic regression analysis was performed to determine 
the RR according to glycemic status (dysglycemia, DM, 
pre-DM, or HbA1c values) and treatment outcome in the 
RePORT cohort. DM was associated with unfavorable treat-
ment outcomes independent of the other factors (adjusted 
RR [aRR], 2.45 [95% CI, 1.54–3.90]; P  <  .001) (Figure 3, 
model 2). HbA1c values were also independently associated 
with unfavorable treatment outcomes (aRR, 1.13 [95% CI, 
1.02–126]; P  =  .02) (Figure 3, model 4). Pre-DM and the 
overall category of dysglycemia were not significantly asso-
ciated with unfavorable treatment outcome (Figure 3). This 
analysis also was performed in the SINAN cohort, and DM 
was independently associated with unfavorable TB treatment 
outcomes (aRR, 1.76 [95% CI, 1.104–2.81]; P < .001) (Figure 
3). Details of the logistic regression models are shown in 
Supplementary Table 2.

Mortality During TB Treatment

We next compared patients with cure outcome vs those who 
died during TB treatment (n  =  42) in the RePORT cohort. 
Mortality was associated with male sex (P =  .029), increasing 
age (P  =  .035), illicit drug use (P  =  .034), HIV infection 
(P = .001), DM (P = .028), and lower concentrations of hemo-
globin (death: 9.45 g/dL [IQR, 8.00–10.7 g/dL]; cure: 12.2 g/dL 
[IQR, 10.9–13.4 g/dL]; P <  .001) and higher values of HbA1c 
(death: 6% [IQR, 5.2%–6.9%]; cure: 5.7% [IQR, 5.3%–6.2%]; 
P < .001) (Supplementary Table 3).

Table 1. Characteristics of People With Tuberculosis in the Regional 
Prospective Observational Research in Tuberculosis (RePORT)–Brazil 
Cohort, by Outcome

Characteristics
Unfavorable  

(n = 83)
Favorable  
(n = 560)

P 
Value

Male sex 57 (68.67) 359 (64.11) .462

Age, y, median (IQR) 38 (27–52) 35 (25–49) .399

Race   .039

 White 13 (15.66) 123 (22)  

 Black 18 (21.69) 146 (26.12)  

 Asian 0 (0) 2 (0.36)  

 Pardoa 48 (57.83) 279 (49.91)  

 Indigenous 4 (4.82) 9 (1.61)  

Illiterate 80 (96.39) 538 (96.07) 1

Smokingb 52 (62.65) 275 (49.11) .025

Alcohol consumptionc 76 (91.57) 470 (83.93) .072

Illicit drug used 35 (42.17) 152 (27.14) .006

BMI, kg/m2, median (IQR) 20.4 (17.1–22.9) 20.3 (18.4–22.5) .384

Prior TB 10 (12.05) 89 (16.01) .418

Type of TBe   .61

 PTB 68 (81.93) 502 (89.64)  

 PTB + EPTB 15 (18.07) 58 (10.36)  

Abnormal radiograph 77 (92.77) 547 (97.68) .026

Positive smear 64 (77.11) 456 (81.43) .37

Glycemic statusf    

 Diabetes mellitus 31 (37.35) 108 (19.29) .003

 Prediabetes 19 (22.89) 186 (33.21) .554

 Normoglycemia 33 (39.76) 266 (47.5) Ref.

 Dysglycemia 50 (60.24) 294 (52.5) .197

Metformin useg 0 (0) 8 (2.73) .609

Hemoglobin, g/dL, me-
dian (IQR)

10.6 (8.98–12.4) 12.2 (10.9–13.4) <.001

HbA1c, %, median (IQR) 6 (5.4–6.8) 5.7 (5.3–6.2) .082

HIV status 33 (40.24) 84 (15.16) <.001

ARTh 9 (27.27) 30 (35.29) .514

Hypertension 7 (8.43) 46 (8.21) 1

Other comorbiditiesi 7 (8.43) 32 (5.71) .325

Data are presented as No. (%) unless otherwise indicated. Favorable: cure/complete treat-
ment. Unfavorable: failure, recurrence, treatment modification, or death. In the Regional 
Prospective Observational Research in Tuberculosis (RePORT)–Brazil cohort, all patients had 
a positive culture at baseline. Bold values denote statistical significance at the P < .05 level.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; EPTB, extrapulmonary 
tuberculosis; HbA1c, glycated hemoglobin; HIV, human immunodeficiency virus; IQR, in-
terquartile range; PTB, pulmonary tuberculosis; TB, tuberculosis.
aDefinition of Pardo race: Mixture of European, black, and Amerindian. 
bPast or current cigarette smoker. 
cPast or current consumption of alcohol (any). 
dPast or current illicit drug use (marijuana, cocaine, heroin, or crack). 
eAll individuals from the RePORT cohort had a diagnosis of PTB; some also had involve-
ment at extrapulmonary sites. 
fOf participants with diabetes mellitus (DM), 12 with an unfavorable outcome and 67 with 
a favorable outcome had a diagnosis of DM prior to TB diagnosis. 
gFrequency of use of metformin was calculated only in patients with DM. 
hART frequency was calculated among the persons living with HIV. 
iCancer, kidney disease, chronic obstructive pulmonary disease, emphysema, and asthma.
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In the SINAN cohort, death was associated with the same sta-
tistically significant variables as those that predicted the com-
posite unfavorable outcome vs cure (Supplementary Table 4). 
Mortality was associated with smoking (P = .003), alcohol con-
sumption (P = .003), illicit drug use (P = .009), HIV infection 
(P < .001), and other comorbidities (P = .006). In SINAN, pa-
tients who died had a higher frequency of DM (P = .024) and a 
lower frequency of antiretroviral therapy use in individuals with 
HIV infection (P = .004).

A logistic regression analysis was performed comparing cure 
and death and presented similar results to the first model ex-
ploring the composite unfavorable outcome. In the RePORT 
cohort, DM was once again strongly associated with mortality 
(aRR, 2.16 [95% CI, 1.01–2.40]; P = .040) (Figure 4, model 2). 
Pre-DM and dysglycemia were not significantly associated with 
death (Figure 4). In the SINAN cohort, DM was also signifi-
cantly associated with death (aRR, 1.93 [95% CI, 1.30–2.85]; 

P =  .001) (Figure 4). Details of the logistic regression models 
are shown in Supplementary Table 2.

DISCUSSION

There has recently been increased recognition of DM as an im-
portant risk factor for developing active TB and experiencing 
unfavorable TB treatment outcomes [14–16, 27]. As the prev-
alence of DM increases [28], particularly in developing coun-
tries, it is necessary to determine the public health impact of 
this syndemic in large populations. Our study analyzed data 
from PWTB from 2 data sources (a longitudinal cohort and the 
nationwide disease notification system) in the same period and 
the same 3 cities to determine the impact of DM on TB treat-
ment outcomes in a Brazilian population.

Our results show that the frequency of unfavorable out-
comes of anti-TB treatment in the RePORT-Brazil cohort was 
similar to those reported by other studies [19] We have also 

Outcome

Glycemic
status

15

10

H
b

A
1c

 (%
)

5

0

Cure/treatment
completion

n = 560 n = 9 n = 23 n = 42 n = 9

Overall P < .001

Overall P < .001

P = .02

P = .047

P = .002

P = .016

P < .001

P = .012

P = .045

Diabetes
Prediabetes
Normoglyc.
Dysglycemia

Below
5.7%
normoglyc.

Treatment
modification

Failure Death Recurrence

Figure 2. Distribution of glycemic status and glycated hemoglobin (HbA1c) levels according to treatment outcomes in patients with tuberculosis (TB) in the Regional 
Prospective Observational Research in Tuberculosis–Brazil cohort. Frequency of TB patients with diabetes, prediabetes, normoglycemia, and dysglycemia (diabetes + 
prediabetes) diagnosed using HbA1c levels is shown according to TB treatment outcome (cure, treatment modification, failure, death, and recurrence). Only comparisons 
(frequency dysglycemia status between TB treatment outcomes) with significant P values are displayed. Scatterplots depict the frequency of HbA1c values in TB patients 
according to TB treatment outcome. Lines represent median and interquartile range. The differences in median values of HbA1c between groups were compared using 
the Kruskal–Wallis test with Dunn multiple comparisons posttest. Only comparisons with significant P values are displayed. Abbreviations: HbA1c, glycated hemoglobin, 
normoglyc., normoglycemia.
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demonstrated that TB patients in RePORT-Brazil are compa-
rable to/representative of all PWTB reported in Brazil. [20].

It is interesting to note that the factors consistently associated 
with poor outcomes in the 2 datasets analyzed—namely, substance 
use (alcohol, tobacco, and illicit drug) and HIV infection—were 
all in accordance with previous literature [19, 29] but different 
from other studies [30]. The analyses from RePORT also identified 
other drug resistance, anemia, and normal chest radiograph as fac-
tors associated with worse outcomes. This latter observation may 
be because RePORT performs systematic collection of these vari-
ables, which coincides with findings from other studies [19, 31].

In addition to the above factors, we found an association be-
tween higher HbA1c levels and treatment modification, treat-
ment failure, and death, when compared with the HbA1c levels 
among TB patients who were successfully treated, and this was 

reflected in the significantly higher proportion of people with 
DM among those with unfavorable anti-TB treatment out-
comes. In the RePORT cohort, the risk of having an unfavor-
able outcome was 2.45 times higher in DM patients compared 
with normoglycemic individuals. A  risk of 1.76 was found in 
the SINAN dataset. Additionally, patients with higher HbA1c 
values were also at a higher risk of experiencing unfavorable 
outcomes. The relatively lower detection of DM cases in the 
SINAN dataset probably led to an underestimation of the effect 
of DM in TB outcomes. Our results are similar to those from 
previous studies [13, 16]. The risk of death in the DM groups 
was 2.16 times higher than in normoglycemic patients in the 
RePORT dataset and 1.93 in the SINAN dataset. The risk of 
death in the RePORT cohort was more compatible with what 
has been described in literature [16]. Previous studies showed 
how TB-DM comorbidity is associated with a higher burden 
of immune pathology and systemic inflammation compared 
to normoglycemic PWTB [13, 32]. Furthermore, a defective 
regulation of the innate immune response in TB-DM patients 
could maintain inflammatory foci despite anti-TB treatment, 
resulting in worse treatment results [13].

Moreover, all participants from RePORT had HbA1c meas-
ured at the baseline visit, whereas in SINAN the diagnosis of 
DM was self-reported in most cases, possibly missing many 
diagnoses. Of note, a longitudinal cohort study done in Brazil 
found that 50% of individuals diagnosed with DM did not 
know of their diagnosis [33]. Thus, in the SINAN cohort, with 
increasing clinical evidence that DM is a risk factor for devel-
oping active TB [2] and a more severe clinical TB presentation 
[9], screening for DM has increased in recent years. But the 
problem of underdiagnosis and subnotification still exists.

The findings presented here suggest that the impact of DM 
on TB in Brazil is underestimated. While the results reiterate 
the value of cohorts like RePORT in better delineating the local 
epidemiology, they highlight the importance of guidelines re-
commending laboratory investigation of DM in all TB incident 
cases and to establish specific treatment recommendations for 
this population. This implies that long-term glycemic control 
may improve the outcome of TB treatment in patients with 
TB-DM comorbidity [34]. The integrated care of individuals 
with both diseases has specific challenges, such as the interac-
tion between oral antidiabetic and anti-TB drugs [35] and the 
greater risk for adverse events [36].

We did not find an association between unfavorable outcome 
and death with either pre-DM or dysglycemia in the RePORT 
cohort; these associations were observed only with DM. 
Previous studies reported the normalization of glycemic levels 
during TB treatment among persons who were dysglycemic 
prior to anti-TB treatment [37, 38]. Therefore, the deleterious 
effects on the immune response and treatment outcome caused 
by chronic DM and associated hyperglycemia may be less likely 
with pre-DM, which could explain the lack of association with 

Table 2. Characteristics of People With Tuberculosis in the Brazilian 
National System of Diseases Notification (SINAN) Cohort (2015–2019), by 
Outcome

Characteristic
Unfavorable  

(n = 260)
Favorable  

(n = 20 729) P Value

Male sex 137 (69.9) 12 827 (62.8) .046

Age, y, median (IQR) 39 (33–47) 38 (28–52)  

Race   .234

 White 49 (27.5) 5029 (26.4)  

 Black 38 (21.3) 3421 (17.9)  

 Asian 4 (2.2) 166 (0.9)  

 Pardoa 87 (48.9) 10 381 (54.5)  

 Indigenous 0 (0.0) 62 (0.3)  

Illiterate 28 (20.4) 2382 (15.3) .092

Smokingb 46 (26.9) 3465 (17.9) .003

Alcohol consumptionc 33 (19.4) 2556 (13.1) .019

Illicit drug used 26 (15.3) 1828 (9.5) .014

Prior TB 81 (41.3) 3155 (15.4) <.001

Type of TBe   <.001

 PTB 184 (93.9) 19 780 (96.8)  

 EPTB 3 (1.5) 117 (0.6)  

 PTB + EPTB 9 (4.6) 536 (2.6)  

Abnormal radiograph 170 (97.1) 17 662 (97.3) .811

Positive smear 108 (75.0) 10 512 (76.1) .775

Diabetes mellitus 28 (15.8) 2047 (10.5) .022

HIV status 21 (70.0) 1880 (10.7) <.001

ARTf 38 (23.8) 1154 (76.2) <.001

Hypertension 5 (2.6) 559 (2.7) 1.000

Other comorbiditiesg 16 (8.5) 782 (4.0) .004

Data are presented as No. (%) unless otherwise indicated. Favorable: cure/complete treat-
ment. Unfavorable: failure, recurrence, treatment modification, or death. Bold values de-
note statistical significance at the P < .05 level.

Abbreviations: ART, antiretroviral therapy; EPTB, extrapulmonary tuberculosis; HIV, human 
immunodeficiency virus; PTB, pulmonary tuberculosis; TB, tuberculosis.
aDefinition of Pardo race: mixture of European, black, and Amerindian.
bPast or current cigarette smoker. 
cPast or current consumption of alcohol (any). 
dPast or current illicit drug use (marijuana, cocaine, heroin, or crack). 
eOnly individuals from the SINAN 2015–2019 cohort who had a diagnosis of PTB, in some 
cases with presence in other anatomical sites, were included.
fART frequency was calculated among the persons living with HIV. 
gCancer, kidney disease, chronic obstructive pulmonary disease, emphysema, and asthma.
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unfavorable and death outcomes in the latter group [37, 38]. 
The dysglycemia group included pre-DM, and this likely influ-
enced the results.

This study had several limitations. First, RePORT and 
SINAN are both observational cohorts; unmeasured or residual 
confounding could have explained the findings. However, the 
consistent results across both cohorts support their reproduc-
ibility. Second, SINAN is a disease notification system that is 
not part of a study protocol. While SINAN represents TB cases 
from all of Brazil, there could be incomplete data collection or 
endpoint ascertainment, as well as different sources of informa-
tion (ie, self-reported vs information from medical records) 
for different patients. Third, we did not have information on 
serum drug levels; low drug levels have been associated with 
unfavorable TB treatment outcomes, including in PWTB with 
advanced HIV and DM [39]. Fourth, HbA1c levels could be af-
fected by hemoglobin levels and, in RePORT, HbA1c was the 
only method used to define DM; the rationale for this was that 
obtaining fasting glucose levels on all study participants was not 

feasible. Fifth, the number of patients with a follow-up outcome 
who were excluded from the study may affect the interpreta-
tion of outcomes. Finally, we did not have glycemic status in 
the following months or at the end of treatment, so we did not 
have data to identify transient hyperglycemia. Nevertheless, we 
believe our study provides valuable information on the impact 
of TB-DM on a population level.

Diabetes is a disease with increasing prevalence and a major 
risk factor for unfavorable outcomes, including death during 
treatment, in individuals with TB, along with HIV infection and 
substance use. Actions prioritizing these groups are essential for 
the control of TB in Brazil.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Supplementary materials consist of 
data provided by the author that are published to benefit the 
reader. The posted materials are not copyedited. The contents of 
all supplementary data are the sole responsibility of the authors. 
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Figure 3. Association between glycemic status and tuberculosis (TB) treatment outcomes among TB patients from the Regional Prospective Observational Research in 
Tuberculosis (RePORT)–Brazil and the Brazilian National System of Diseases Notification (SINAN) cohorts. In the RePORT cohort (upper panel), logistic regression was per-
formed to evaluate the independent associations between glycemic status of TB patients (model 1: dysglycemia; model 2: diabetes; model 3: prediabetes; model 4: increases 
of 1 unit in glycated hemoglobin level) and variables with P value <  .2 in the univariate analyses (Table 1) and unfavorable treatment outcome (treatment modification, 
failure, recurrence, and death). Comparisons of diabetes, prediabetes, and dysglycemia were performed using normoglycemia as the reference. In the SINAN cohort (lower 
panel), logistic regression was performed to evaluate the independent associations between diabetes and unfavorable TB treatment outcome (treatment modification, treat-
ment failure, and death). Variables with P < .2 in the univariate analyses (Table 2) were included. Details of the bivariate binomial logistic regression models are shown in 
Supplementary Table 2. Abbreviations: CI, confidence interval; HbA1c, glycated hemoglobin; RePORT, Regional Prospective Observational Research for Tuberculosis; SINAN, 
National System of Diseases Notification; TB, tuberculosis.
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