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Background: Tuberculosis (TB) is a worldwide public health problem, especially
in countries that also report high numbers of people living with HIV
(PLWH) and/or diabetes mellitus (DM). However, the unique features of
persons with TB-HIV-DM are incompletely understood. This study compared
anti-TB treatment (ATT) outcomes of diabetic and non-diabetic TB/HIV
co-infected patients.

Methods: A nationwide retrospective observational investigation was
performed with data from the Brazilian Tuberculosis Database System
among patients reported to have TB-HIV co-infection between 2014
and 2019. This database includes all reported TB cases in Brazil
Exploratory and association analyses compared TB treatment outcomes
in DM and non-DM patients. Unfavorable outcomes were defined as
death, treatment failure, loss to follow-up or recurrence. Multivariable
stepwise logistic regressions were used to identify the variables
associated with unfavorable ATT outcomes in the TB-HIV population.
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Results: Of the 31,070 TB-HIV patients analyzed, 999 (3.2%) reported having
DM. However, in these TB-HIV patients, DM was not associated with any
unfavorable treatment outcome [adjusted Odds Ratio (@OR): 0.97, 95% ClI:
0.83-1.12, p = 0.781]. Furthermore, DM was also not associated with any
specific type of unfavorable outcome in this study. In both the TB-HIV group
and the TB-HIV-DM subpopulation, use of alcohol, illicit drugs and tobacco,
as well as non-white ethnicity and prior TB were all characteristics more
frequently observed in persons who experienced an unfavorable ATT outcome.

Conclusion: DM is not associated with unfavorable TB treatment outcomes
in persons with TB-HIV, including death, treatment failure, recurrence and loss
to follow up. However, consumption habits, non-white ethnicity and prior TB
are all more frequently detected in those with unfavorable outcomes in both
TB-HIV and TB-HIV-DM patients.

HIV, tuberculosis, treatment outcome, diabetes, Antiretroviral therapy (ART)

Introduction

Mycobacterium tuberculosis (MTB) is the etiologic agent of
tuberculosis (TB) and is estimated to infect up to one quarter of
the world’s population; TB is also one of the leading causes of
death (1). Notably, Brazil is one of the 20 countries with highest
TB-HIV burden worldwide (2).

There is an important association between TB and diabetes
mellitus (DM). DM is associated with a higher risk of developing
active TB, of experiencing unfavorable anti-TB treatment (ATT)
outcomes, including TB recurrence (3-5). However, although
HIV and DM have a significant impact on TB, there are few
data available on the co-occurrence of these three diseases
(TB-HIV-DM).

Patients living with TB and HIV have higher mortality
and morbidity rates compared to persons with only
HIV (6). Currently, of the 10 million people globally
who developed TB in 2019, 82% were persons living
with HIV (PLWH) (1). There were 215,000 TB-HIV
patients globally who died in 2020 (1). Additionally, when
such patients have additional conditions such as DM,
smoking, alcoholism or malnutrition, the occurrence of
poor outcomes of TB-HIV co-infection become even more
pronounced (7).

Several studies have demonstrated that TB patients with
either HIV or DM have a worse prognosis compared to patients
without these co-morbidities, especially when other social or
epidemiological factors are present (3, 5, 8, 9). Furthermore,
a previous cross-sectional study conducted by our group has
demonstrated that TB-HIV patients with DM have higher
positive smear and abnormal x-ray rates, as well as more
frequent use of alcohol and tobacco when compared to those
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without DM (10). However, to the best of our knowledge,
there have not been any prior studies specifically assessing
the effects of concomitant HIV and DM on ATT outcome.
The present study utilized the Brazilian Tuberculosis Database
System (SINAN-TB), with all TB cases reported in Brazil from
2014 to 2019, to investigate the factors associated with TB
treatment outcomes among persons with TB-HIV, as well as the
effects of DM in this population.

Materials and methods

Ethics statement

All data accessed in this study was obtained from a publicly
available platform, pre-processed by the Brazilian government’s
Ministry of Health. This program verifies its data in matters of
consistency, duplicate registration, and completeness, following
the instructions set by Resolution Number 466/12 on Research
Ethics of the National Health Council, Brazil (11).

Overall study design

We performed a retrospective observational study,
using data from the Information System for Notifiable
Diseases—Tuberculosis database (SINAN-TB), from 2009 to
2019, to characterize TB treatment outcomes in the Brazilian
TB-HIV population, with and without DM. The SINAN-TB
database is maintained, verified, and updated by the Brazilian
Ministry of Health. We have removed pregnant women,
homeless and incarcerate patients of this database. We also
removed all patients with lack in diabetes status.
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Data collection

Data was collected between the years of 2014 and 2019
with TB being diagnosed by bacteriology/positive culture,
chest radiography or histopathology or clinical manifestations,
following criteria established by the Brazilian Ministry of Health,
further detailed in the Manual of Recommendations for TB
Control in Brazil (12). Additionally, SINAN-TB obtains data
concerning social and clinical characteristics of all notified TB
cases in the Brazilian population.

Outcome definition

In our study, an unfavorable outcome was the composite of
death, treatment failure, loss to follow-up or recurrence;
defined
bacteriological). The definitions for both groups regarding

favorable outcome was as cure (clinical or
clinical and bacteriological cure, treatment failure, loss to
follow-up, recurrence and death were defined following the
instructions in the Manual of Recommendations for the Control
of TB of Brazil (12). The outcomes “unknown,” “ongoing
treatment” and “transferred out” were not considered for the
analysis of TB treatment outcomes. The outcome definitions are

shown in Supplementary Table 1.

Study definitions

In this paper, we defined the variables utilized in the
following manner: diabetes mellitus: self-reported diagnosis of
DM, alcohol consumption: any past or current consumption of
alcohol; tobacco use: past or current smoking of tobacco; illicit
drug use: past or current illicit drug use (marijuana, cocaine,
heroin or crack); non-white: the following self-reported races
or ethnicities: Asian, Black, Pardo and Indigenous; type of TB:
clinical form of TB regarding the disease’s location, grouped
into two categories: pulmonary TB (PTB) and Non-PTB, which
included both extrapulmonary TB (EPTB) and disseminated
TB (PTB + EPTB); supervised treatment: directly observed
therapy (DOT); prior-TB: previous TB history; education stages:
patient’s education was self-reported and divided into two
groups, those without a completed high school degree and those
with either a high school diploma, with some college experience
or a completed college degree; age groups: patient age was
divided into three categories, according to the interquartile-
range of the age of all patients during the study period: <40,
40-56, and > 56 years old.

Statistical analysis

Social and clinical characteristics classified as categorical
variables were presented as percentages (%) and compared
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using the Pearson’s chi-squared test ( %2). Continuous variables
were represented by interquartile range (IQR) and medians,
and the Mann-Whitney U-test was used for comparisons of
groups. p values <0.05 were considered statistically significant.
We also employed second-generation p-values (p§) as described
previously (13) to examine statistically relevant associations in
this large dataset. In addition to pd, we also calculated the delta-
gap (A), which was designated as the distance between intervals
of 8 units. The calculation of the delta-gap value was related to
the differences in distribution between the results of each group,
considering that in cases of p-value <0.05, a delta value of was
considered statistically significant. Additionally, the effect size of
the model grows as the delta value increases.

We performed two binomial logistic regression models
with a stepwise method (ENTER), selecting all variables that
were included in the univariable analysis, to assess associations
between the clinical and social characteristics with unfavorable
treatment outcomes in TB-HIV patients, utilizing DM as a
predictor variable, as well as evaluating its association with
specific unfavorable outcomes.

Results

Treatment outcomes of TB-HIV
co-infected patients

A total of 31,070 patients with TB-HIV co-infection in
Brazil were reported to SINAN-TB between 2014 and 2019, with
999 (3.2%) of these patients self-reporting a diagnosis of DM.
Data comparing clinical and epidemiological characteristics that
are present in the TB-HIV-DM and TB-HIV groups can be
found in Supplementary Table 2. In this study, we analyzed these
subpopulations regarding different ATT outcomes.

Regarding the differences in treatment outcomes between
these two groups, we found that those without DM had
higher frequency of a favorable outcome than individuals
with TB-HIV-DM (TB-HIV: 45.0%, TB-HIV-DM: 43.9%, p <
0.001). Additionally, individuals in the TB-HIV-DM group also
presented with higher mortality (TB-HIV: 19.8%, TB-HIV-DM:
24.0%) and treatment failure (TB-HIV: 3.5%; TB-HIV-DM:
4.4%), while loss to follow up (TB-HIV: 14.3%; TB-HIV-DM:
14.2%) and recurrence (TB-HIV: 17.5%; TB-HIV-DM: 13.4%)
rates were more prevalent in the non-DM group ( x% p < 0.001,
ps = 0, A = 0.23) (Table 1). However, when comparing the
composite outcome (favorable vs. unfavorable), there were no
differences founded between groups (p = 0.514) (Table 1).

When differentiating TB-HIV patients concerning their
classification into the favorable or unfavorable outcome groups,
those with unfavorable outcomes had higher frequencies of
biological and social factors such as non-white ethnicity (69.4%,
x% p < 0001, p§ = 0, A = 0.60), alcohol consumption
(25.4%, X2 p < 0.001, p5§ = 0, A = 0.12), illicit drug use
(24.7%, XZ p < 0.001, p§ =0, A = 0.15) and smoking tobacco
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TABLE 1 Comparison of treatment outcomes between TB-HIV and TB-HIV-DM population.

Characteristics All
(n = 31,070)

Outcome description, n (%):

Cure 13,967 (44.9%)
Death 6,191 (19.9%)
Failure 1,088 (3.50%)
Lost to follow up 4,414 (14.2%)
Recurrence 5,383 (17.3%)

Outcome, 1 (%)
13,967 (45.0%)
17,076 (55.0%)

Favorable

Unfavorable

DM

(n = 999)

439 (43.9%)
240 (24.0%)
44 (4.4%)
142 (14.2%)
134 (13.4%)

439 (43.9%)
560 (56.1%)

Non-DM
(n=30,071)

p-Value pé-Value

<0.001 ns
13,528 (45.0%)
5,951 (19.8%)

1,044 (3.5%)

4,299 (14.3%)
5,249 (17.5%)
13,528 (45.0%) 0.514 ns
17,542 (56.4%)

Data represents frequency (%). Categorical variables were compared using Pearson’s chi-square test. Definition of outcome description can be found at Supplementary Table 1. DM,

diabetes mellitus; ns, not significant; p3-value, second-generation p-value; A, delta-gap. Bold values indicate statistically significant p-values.

(24.4%, x2 p <0.001, p5§ = 0, A = 0.07). In addition, clinical
variables such as history of prior TB (34.0%, x> p < 0.001,
pd =0, A = 0.23) (Table2) were also more common in
persons who experienced unfavorable outcomes. In contrast, no
statistically significant variables were more frequently observed
in the favorable outcome group. Additionally, DM did not find
a statistically higher frequency in either group of treatment
outcomes in these TB-HIV patients (x2 p = 0.536, p§ = 0.33)
(Table 2).

Treatment outcomes in the TB-HIV-DM
population

Next, we assessed the different treatment outcomes
specifically in the TB-HIV-DM population. There were 439
patients with a favorable outcome (43.9%), while 560 cases
experienced unfavorable outcomes (56.1%) (Table 3). Among
unfavorable outcomes, death (24.0%) was the most common
cause, followed by loss to follow up (25.4%), recurrence (23.9%)
and treatment failure (7.68%) (p < 0.001) (Table 3; Figure 1A).
While

unfavorable outcome, those with an unfavorable outcome

comparing patients who had favorable vs.
had higher frequencies of social factors like presence of alcohol
consumption (x2 p < 0.001, p§ = 0, A = 0.08), illicit drug use
(x2 p < 0.001, p5 = 0, A = 0.06), and smoking tobacco (x2 p
= 0.002, p§ = 0, A = 0.02) (Table 3; Figure 1B). Additionally,
non-white race (71.4%, x2 p=0.003, p§ =0, A = 0.05) patients
were also more prevalent among those with an unfavorable
outcome (Table 3). Conversely, being a new case of TB (81.8%,
x% p <0.001, p§ =0, A = 0.22) was more frequent in those with
a favorable outcome (Table 3; Figure 1C). Finally, regarding type
of TB, we observed that those with non-PTB form (EPTB and
PTB + EPTB) had higher frequency of unfavorable outcomes
(Table 3; Figure 1D).
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Treatment outcomes in the TB-HIV
population without DM

We next analyzed the same treatment outcomes in
a population of TB-HIV patients without DM. Curiously,
most statistically significant variables were the same in
both populations, including non-white ethnicity (69.1%, x>
p <0.001, p§ = 0, A = 0.06), alcohol consumption (25.2%,
x% p <0001, p§ =0, A = 0.08), illicit drug use (24.7%, x>
p <0.001, p§ = 0, A = 0.15), smoking tobacco (24.0%, X2
p <0.001, pd =0, A = 0.07), prior TB (34.0%, X2 p < 0.001,
ps =0, A = 0.23), while male sex, age, educational stages
and smear microscopy were only significant in the non-DM
population. These data are shown in detail on Table 4.

Comparison of treatment outcomes
between TB-HIV and TB-HIV-DM
population

Finally, we performed a logistic regression analysis which
demonstrated that no independent associations were found
between occurrence of unfavorable treatment outcome and
the presence of DM [adjusted Odds Ratio (aOR): 0.97, 95%
Confidence Interval (CI): 0.83-1.12, p = 0.718] (Figure 2). On
the other hand, certain variables did have an association with
unfavorable outcomes, including: history of prior TB (aOR: 1.82,
95% CI: 1.72-1.93, p < 0.001), illicit drug use (aOR: 1.53, 95%
CL: 1.42-1.64, p < 0.001), alcohol consumption (aOR: 1.26,
95% CI: 1.17-1.35, p < 0.001); non-white ethnicity (aOR: 1.18,
95% CI: 1.12-1.25, p < 0.001), and non-PTB (aOR: 1.08, 95%
CI: 1.02-1.14, p = 0.005). While age lower than 40 years (aOR:
0.83, 95% CI: 0.75-0.93, p = 0.001), age between 40 and 56
years (aOR: 0.83, 95% CI: 0.75-0.92, p = 0.001) and male sex
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Characteristics All Favorable Unfavorable p-Value pé-Value
(n =31,070) (n=13,967) (n=17,103)

Male, 1 (%): 21,801 (70.2%) 10,079 (72.2%) 11,722 (68.5%) <0.001 1

Age categories, 1 (%): 0.04 0.09

Lower than 40 years 16,929 (54.5%) 7,540 (54.0%) 9,389 (54.9%)

Between 40-56 years 11,846 (38.1%) 5,402 (38.7%) 6,444 (37.7%)

Higher than 56 years 2,295 (7.4%) 1,025 (7.3%) 1,270 (7.4%)

Non-white, 7 (%): 20,931 (67.4%) 9,112 (65.3%) 11,860 (69.4%) <0.001 0 (A =0.60)

Educational stages, n (%): <0.001 0.67

Less than HS diploma 3,069 (10.8%) 1,375 (10.7%) 1,694 (10.8%)

More than HS diploma 25,396 (89.2%) 11,440 (89.3%) 13,956 (89.2%)

HIV, n (%): 31,070 (100%) 13,967 (100%) 17,103 (100%) ns ns

Alcohol consumption, 7 (%): 6,733 (22.2%) 2,492 (18.1%) 4,241 (25.5%) <0.001 0(A=0.12)

Mllicit drug use, 1 (%): 5,987 (20.4%) 2,036 (15.3%) 3,951 (24.7%) <0.001 0 (A =0.15)

Tobacco use, 1 (%): 6,474 (21.9%) 2,542 (19.0%) 3,932 (24.4%) <0.001 0 (A =0.07)

DM, n (%): 999 (3.2%) 439 (3.14%) 560 (3.27%) 0.536 0.33

Smear positive, n (%): 10,850 (96.4%) 5,302 (96.1%) 5,548 (96.6%) 0.118 1

Culture positive,  (%): 5,628 (58.1%) 2,729 (57.0%) 2,899 (59.2%) 0.026 1

Suspect chest x-ray for TB, n 22,482 (73.7%) 10,106 (73.8%) 12,376 (73.6%) <0.001 0.49

(%):

Supervised treatment, 1 (%) 3,011 (9.7%) 1,805 (12.9%) 1,206 (7.0%) <0.001 1

Prior TB, n (%): 8,780 (28.3%) 2,958 (21.2%) 5,822 (34.0%) <0.001 0(A=0.23)

Type of TB, n (%): 0.971 0.5

PTB 20,925 (67.3%) 9,408 (67.4%) 11,517 (67.3%)

Non-PTB 10,145 (32.7%) 4,559 (32.6%) 5,586 (32.7%)

Outcome description, n (%):

Cure 13,967 (44.9%) 13,967 (100%) 0 (0.00%) <0.001 ns

Death 6,191 (19.9%) 0.00% 6,191 (36.2%)

Failure 1,088 (3.50%) 1,088 (6.36%)

Lost to follow up

Recurrence

4,441 (14.2%)

0.00%
0.00%

4,414 (25.8%)

5,383 (17.3%)

0(
0 (0.00%
0(
0

)
)
)
)

5,383 (31.5%)

Data represents frequency (%). Categorical variables were compared using Pearson’s chi-square test. Definition of educational stages: Self-reported education level divided into HS

completion or uncompletion. Definition of alcohol consumption: Past or current any consumption of alcohol. Definition of tobacco use: Past or current smoking of tobacco. Definition

of illicit drug use: Past or current illicit drug use (marijuana, cocaine, heroin or crack) Definition of non-white: The following self-reported races: Asian, Black, Pardo, and Indigenous.
Definition of type of TB: Clinical form of TB regarding the disease’s location. Definition of Supervised Treatment: Directly Observed Therapy (DOT). Definition of prior-TB: Previous TB

history. TB, tuberculosis; PTB, pulmonary tuberculosis; Non-PTB, extrapulmonary and disseminated tuberculosis; HIV, human immunodeficiency virus; DM, diabetes mellitus; HS, high

school; ns, not significant; pd-value, second-generation p-value; A, delta-gap. Bold values indicate statistically significant p-values.

(aOR: 0.80, 95% CI: 0.76-0.85, p < 0.001) were associated with
favorable outcomes (Figure 2).

Moreover, four additional binomial regressions were
conducted aiming to evaluate the relationship between DM
and each specific unfavorable outcome utilized in this study. In
all cases, no statistical association was identified between these
variables, the following were the results regarding presence
of DM: model I: death (aOR: 1.02, 95% CI: 0.84-1.14, p
= 0.844), model 2: treatment failure (aOR: 1.37, 95% CI:
0.97-1.95, p = 0.075), model 3: recurrence (aOR: 0.83, 95%
CI: 0.66-1.06, p = 0.131) and model 4: loss to follow up (aOR:
0.97, 95% CI: 0.77-1.06, p = 0.759) (Figure 3). The full results,
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with all covariates included the analysis, can be found in
Supplementary Table 3.

Additionally, we also compared the frequency of
TB drug resistance in the DM and non-DM groups
(Supplementary Figure 1). We observed no statistically
significant differences in the occurrence of any drug
resistance (Supplementary Figure 1A), any multidrug resistance
(Supplementary Figure 1B), or any distinct profile of monodrug
resistance (Supplementary Figure 1C). In fact, the number of
cases with multidrug resistance was very small among DM
cases (Supplementary Figure 1D). Finally, we designed a Sankey
diagram to illustrate association between DM, drug sensitivity
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TABLE 3 Characterization of treatment outcomes in the TB-HIV-DM population.

Characteristics

All
(n =999)

Favorable
(n = 439)

Male, n (%):

Age categories, 1 (%)
Lower than 40

40 through 56

Higher than 56

Non-white, n (%):
Educational stages, n (%):
Less than HS diploma
More than HS diploma
Alcohol consumption, 7 (%):
Mllicit drug use, 1 (%):
Tobacco use, n (%):

Smear positive, n (%):
Culture positive, n (%):
Suspected chest x-ray for TB,
n (%):

Supervised treatment, 1 (%)
Prior TB, n (%):

Type of TB, 1 (%):

PTB

Non-PTB

Outcome description, n (%):

Cure

Death

Failure

Lost to follow up

Recurrence

690 (69.1%)

239 (23.9%9%)

516 (51.7%9%)

244 (24.4%9%)
674 (67.5%)

121 (13.5%)
775 (86.5%)
277 (29.4%)
172 (19.3%)
262 (29.0%)
410 (97.9%)
198 (59.8%)
741 (74.9%)

254 (43.3%)
276 (27.6%)

747 (74.8%)
252 (25.2%)

439 (43.9%)
240 (24.0%)
44 (4.40%)
142 (14.2%)
134 (13.4%)

302 (68.8%)

97 (22.1%)
228 (51.9%)
114 (26.0%)
274 (62.4%)

51 (13.0%)
340 (87.0%)
97 (22.8%)
56 (13.8%)
98 (23.8%)
211 (96.8%)
90 (57.7%)
334 (77.1%)

155 (48.6%)
80 (18.2%)

351 (80.0%)
88 (20.0%)

439 (100%)
0.00%
0.00%

0( )
0 )
0 (0.00%)
0( )

Unfavorable p-Value pé-Value
(n=560)
388 (69.3%) 0.922 0.45
0392 0.53
142 (25.4%)
288 (51.4%)
130 (23.2%)
400 (71.4%) 0.003 0 (A =0.05)
0.72 04
70 (13.5%)
435 (86.4%)
180 (34.9%) <0.001 0 (A =0.08)
116 (24.0%) <0.001 0 (A =0.06)
164 (33.3%) 0.002 0(A =0.02)
199 (99.0%) 0.178 1
108 (61.7%) 0.527 0.61
407 (73.2%) 0.226 0.8
99 (36.9%) 0.006 1
196 (35.0%) <0.001 0(A=0.22)
0.004 1
396 (70.7%)
164 (29.3%)
<0.001 ns

0 (0.00%)
240 (42.9%)
44 (7.86%)
142 (25.4%)
134 (23.9%)

Data represents frequency (%). Categorical variables were compared using Pearson’s chi-square test. Definition of educational stages: Self-reported education level divided into HS
completion or uncompletion. Definition of alcohol consumption: Past or current any consumption of alcohol. Definition of tobacco use: Past or current smoking of tobacco. Definition

of illicit drug use: Past or current illicit drug use (marijuana, cocaine, heroin or crack) Definition of non-white: The following self-reported races: Asian, Black, Pardo, and Indigenous.
Definition of type of TB: Clinical form of TB regarding the disease’s location. Definition of Supervised Treatment: Directly Observed Therapy (DOT). Definition of prior-TB: Previous
TB history. TB, tuberculosis; PTB, pulmonary tuberculosis; Non-PTB, extrapulmonary and disseminated tuberculosis; HS, high school; pd-value, second-generation p-value; A, delta-gap.

Bold values indicate statistically significant p-values.

and anti-TB treatment outcomes (Supplementary Figure 2).
The results demonstrated that the frequencies of drug resistant
case were so low that precluded observation of substantial
association with treatment outcomes. Therefore, we could
not include drug-resistance as a variable in the multivariable
analysis due to the unfortunate low rates of documented drug
resistance in the clinical group of interest.

Discussion

Tuberculosis is an airborne communicable disease that
caused the death of ~1.3 million people in 2020 (7). However,
by addressing TB determinants such as DM, alcoholism, under
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nutrition, HIV infection, poverty and smoking tobacco it is
possible to lower the mortality of this disease (7). There are
many studies which evaluated the adverse effects that HIV
and DM individually have on ATT outcomes, however current
literature is scarce regarding coexistence with these three health
conditions. To our knowledge, this is the first study that has
investigated the effects of DM on the treatment outcomes
of TB-HIV patients, using a nationwide database. This paper
addressed the question of whether there are determinant factors
associated with an unfavorable ATT outcome in TB-HIV-DM
patients, while also analyzing results found in populations of
TB-HIV patients without DM.

We noticed that the same variables were found to have
higher frequency rates in those with an unfavorable treatment
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FIGURE 1

1

Determinant factors for treatment outcome. (A) Treatment outcome, most TB-HIV-DM patients had an unfavorable treatment outcome (B).
Consumption habits, we demonstrated that alcohol consumption, illicit drug, and tobacco usage all had higher rates of negative outcome. (C)
TB status, we found that being a new case of TB had a protective factor against unfavorable outcomes in patients with TB-HIV-DM. (D) TB type,
we observed that patients with PTB obtained a higher percentage of favorable outcomes, while non-PTB cases had higher rates of negative
outcome. TB, tuberculosis; PTB, pulmonary tuberculosis; Non-PTB, extrapulmonary and disseminated tuberculosis.

[ Unfavorable [l Favorable
X2 p < 0.001 X2 p < 0.001 X2 p = 0.002

00%

80%

60%

40%

20%

0%

Alcohol Illicit Drug Use Tobacco
I PTB I NON-PTB
X2 p =0.004
100%
80%
60%
40%
20%

0%

Favorable Unfavorable

outcome in all populations, regardless of the DM status.
Those include characteristics such as being of the non-white
ethnicity, the adoption of certain consumption habits, as well
as presence of prior TB. Regarding ethnicity rates, this may be
explained by social inequality in Brazil, as for historical reasons,
in this country, white individuals have on average a better
socioeconomic status and, therefore, may have greater odds to
adhere to therapy (14).

Concerning drug consumption habits, our data showed that
patients who drink alcohol, use illicit drugs, and smoke tobacco
have a higher presentation in unfavorable outcomes groups
regardless of the DM status. This can also be explained by the
fact that these life habits are risk factors for several diseases
in addition to negatively influencing DM patients (15-18).

Frontiersin Medicine

07

Excessive use of alcohol and tobacco use have been shown to be
associated with more deadly and contagious forms of TB disease,
including higher rates of smear positive results, drug toxicity,
disease reactivation, as well as with lower economic status and
lower adherence to therapy (19, 20).

Patients with history of prior TB were found here to exhibit
higher percentages of unfavorable outcomes, while new TB cases
were more frequently present in favorable outcome groups. We
hypothesize that this can be explained due to potentially patients
with history of prior TB may have a lower adherence to repeat
treatment or present multidrug resistance (21, 22).

Furthermore, our results show that the presence of DM
was not statistically associated with an overall unfavorable
ATT outcome in TB-HIV patients. Moreover, DM did not
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TABLE 4 Characterization of treatment outcomes in TB-HIV without DM.
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Characteristics All Favorable Unfavorable p-Value: pé-Value
(n =30,044) (n=13,528) (n=16,516)

Male, 1 (%): 21,093 (70.2%) 9,777 (72.3%) 11,316 (68.5%) <0.001 1

Age categories, 1 (%): 0.203 0.6

Lower than 40 27,998 (93.2%) 12,617 (93.3%) 15,381 (93.1%)

Between 40-56 158 (0.53%) 60 (0.44%) 98 (0.59%)

Higher than 56 1,888 (6.28%) 851 (6.29%) 1,037 (6.28%)

Non-white, 7 (%): 20,242 (67.3%) 8,819 (65.1%) 11,423 (69.1%) <0.001 0 (A =0.06)

Educational stages, n (%): 0.849 0.79

Less than HS diploma 2,946 (10.7%) 1,324 (10.6 %) 1,622 (10.7%)

More than HS diploma 24,597 (89.3%) 11,100 (89.4%) 13,479 (89.3%)

HIV, n (%): 30,044 (100%) 13,528 (100%) 16,516 (100%) ns ns

Alcohol consumption, 7 (%): 6,450 (21.4%) 2,395 (17.9%) 4,055 (25.2%) <0.001 0 (A =0.08)

Mllicit drug use, 1 (%): 5,810 (19.3%) 1,980 (15.3%) 3,830 (24.7%) <0.001 0 (A =0.15)

Tobacco, n (%): 6,212 (20.6%) 2,444 (18.8%) 3,768 (24.0%) <0.001 0 (A =0.07)

Not-DM, n (%): 30,044 (100%) 13,528 (100%) 16,516 (100%) ns

Smear positive, n (%): 10,428 (34.7%) 5,091 (96.0%) 5,349 (96.5%) 0.163 1

Culture positive, n (%): 5,422 (18.0%) 2,639 (57.0%) 2,783 (59.1%) 0.032 1

Suspect chest x-ray, n (%): 21,721 (72.2%) 9,772 (73.7%) 11,949 (73.6%) <0.001 0.44

Supervised treatment, 1 (%) 2,955 (9.83%) 1,771 (61.4%) 1,184 (46.5%) <0.001 1

Prior TB, n (%): 8,946 (29.7%) 2,878 (21.2%) 5,618 (34.0%) <0.001 0(A =0.23)

Type of TB, n (%): <0.001 0.36

PTB 20,161 (67.1%) 9,057 (66.9%) 11,104 (67.2%)

Non-PTB 9,893 (32.9%) 4,471 (33.0%) 5,422 (32.8%)

Outcome description, n (%): <0.001 ns

Cure

Death

Failure

Lost to follow up

Recurrence

13,528 (45.0%)
5,951 (19.8%)
1,044 (3.47%)
4,272 (14.2%)
5,249 (17.4%)

13,528 (100%)
0.00%
0.00%

0 )
0( )
0 (0.00%)
0( )

0 (0.00%)
5,951 (36.0%)
1,044 (6.32%)
4,272 (25.8%)
5,249 (31.7%)

Data represents frequency (%). Categorical variables were compared using Pearson’s chi-square test. Definition of educational stages: Self-reported education level divided into HS

completion or uncompletion. Definition of alcohol consumption: Past or current any consumption of alcohol. Definition of tobacco use: Past or current smoking of tobacco. Definition

of illicit drug use: Past or current illicit drug use (marijuana, cocaine, heroin or crack) Definition of non-white: The following self-reported races: Asian, Black, Pardo, and Indigenous.
Definition of type of TB: Clinical form of TB regarding the disease’s location. Definition of Supervised Treatment: Directly Observed Therapy (DOT). Definition of prior-TB: Previous
TB history. TB, tuberculosis; PTB, pulmonary tuberculosis; Non-PTB, extrapulmonary and disseminated tuberculosis; HS, high school; ns, not significant; p3-value, second-generation

p-value; A, delta-gap. Bold values indicate statistically significant p-values.

individually impact any of the subcategories that composed an
unfavorable ATT outcome in this database, including death,
treatment failure TB recurrence and loss to follow up. In
addition, we demonstrated that certain determinant factors
which are associated with impacts on ATT outcomes had an
extremely similar presentation between all population groups.
Both findings differ from the results found in other studies
analyzing TB-DM co-infection, the majority of which reported
that DM as a comorbidity that can worsen clinical symptoms,
increase the likelihood of developing active TB and of disease
recurrence, as well as negatively impact a subject’s treatment
outcome (23-25). Additionally, the co-association between DM
and HIV has also been reported to worsen the course of both
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pathologies, increasing risk of death by several times in some
studies (26, 27). However, there are also studies which have
demonstrated that the presence of DM does not increase risk of
developing active TB among specifically PLWH, which differs
from the three-fold increase that it has on patients who are
only infected by TB (23, 26). All of this seems to imply that the
presence of DM as another comorbidity does not seem to have a
significant impact the outcome of TB-HIV.

An important aspect to be considered when one is evaluating
determinants of anti-TB treatment outcomes is drug resistance,
which directly impacts adequate therapeutic response. Herein
we failed to observe a significant association between the profile
of anti-TB drug resistance and treatment outcomes, likely due

frontiersin.org


https://doi.org/10.3389/fmed.2022.972145
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Villalva-Serra et al.

10.3389/fmed.2022.972145

Parameter Model Odds Ratio (95% CI) p-value
. unadjusted |$4 1.04 (0.92-1.17)  0.514

Diabetes .
adjusted r“—i 0.97 (0.83-1.12)  0.718
unadjusted ‘ ’1 1.28 (1.22-1.34) <0.001

Tobacco use .
adjusted & 1.04 (0.97-1.12)  0.194
unadjusted ‘ : <0.001

Alcohol Consumption ) ‘ . 140/ (1:34-1.47) <0.001
adjusted - @ 1.26 (1.17-1.35) '

\
unadjusted 1.61 (1.53-1.69

lllicit Drug use = \ * ( ) <0.001
adjusted | @ 153 (1.42-1.64)  <0.001

Male unadjusted 0.95(0.93-0.96)  <0.001
adjusted \ 0.80 (0.76-0.85) <0.001
unadjusted 0.99 (0.95-1.01

Suspected X-Ray . ; ‘ ( ) ool
adjusted & 1.04 (0.97-112) 0194

\
unadjusted &

Nonswiits | j & 1.06 (1.04-1.08)  <0.001
adjusted | X 3 1.18 (1.12-1.25)  <0.001
unadjusted ‘ 1.60 (1.54-1.67

Prior-TB o ¢ ( ) <0.001
adjusted \ @ 1.82 (1.72-1.93)  <0.001

\
unadjusted K <0.001

Non-PTB . j ‘ O 1.21 (1.12-1.30)
adjusted ‘Ol 1.08 (1.02-1.14)  0.005
unadjusted 1.00 (0.94-1.07

Less than HS Diploma . : ’ ( : 0720
adjusted & 0.94 (0.87-1.02)  0.188
unadjusted \ B

Age Lower than 40 . J 0.55 (0.49-0.62) <0.001
adjusted i 0.83 (0.75-0.93)  0.001
unadjusted + 1.02 (0.94-1.07

Age between 40-56 ) . ( ) <0.001
adjusted 1 J 0.83 (0.75-0.92) 0.001

| | | | |

0 0.5 1 1.5 2

—_—>
Association with an unfavorable
outcome in TB-HIV patients

FIGURE 2
An enter method binomial logistic regression model was used to test which factors had an association with treatment outcome in the TB-HIV
population. The reference utilized to test associations was a favorable treatment outcome. The following variables were statistically associated
with an unfavorable treatment outcome, alcohol consumption (reference: no for alcohol consumption), illicit drug use (reference: no for illicit
drug use), non-white (reference: white ethnicity), prior TB (reference: new TB diagnosis cases), and non-PTB (reference: PTB). While age lower
than 40 (reference: age higher than 56), age between 40 and 56 (reference: age higher than 56) and male (reference: female sex) increased the
likelihood of progressing into a favorable outcome. Diabetes (reference: non-diabetes), tobacco use (reference: no for tobacco use), suspected
X-ray (reference: normal x-ray), and less than HS diploma (reference: more than HS diploma) were all not statistically significant. TB,
tuberculosis; HIV, human immunodeficiency virus; PTB, pulmonary tuberculosis; HS, high school; Non-PTB, extrapulmonary tuberculosis.

to the fact that in this national TB dataset, frequencies of
distinct drug-resistance profiles were low in the group of study
participants with DM. Our results indicate that drug resistance
does not seem to be a substantial problem in the context of TB-
HIV-DM, albeit such findings require further validation in other
epidemiological settings to confirm this lack of association. In
fact, in our dataset, there was a considerable high frequency

Frontiersin Medicine

of individuals who did not have recorded the results of drug
sensitivity tests. It is possible that increased drug sensitivity
screening could result in higher numbers of drug-resistant TB,
and, thus, future studies are necessary to confirm this hypothesis.

Our study had some limitations, including that several
variables that had significant levels of under-reporting as
well as missing numbers. Although, variables with extremely
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Glycemic Status Model Odds Ratio (95%Cl) p-value
- | Diabetes unadjusted @ 0.81 (0.69-0.94) 0.008
g adjusted - 1.02 (0.84-1.14) 0.844
o | Diabetes unadjusted @+ 0.79 (0.58-1.07) 0.143
3 :
5 adjusted —— 1.37 (0.97-1.95) 0.075
= ’
Z | 2 Diabetes unadjusted - 1.29 (1.04-1.53) 0.014
o | &
3 adjusted P 0.83 (0.66-1.06) 0.131
&
| 2]
3 | Diabetes unadjusted r 0.98 (0.85-1.14) 0.857
= adjusted b 0.97 (0.77-1.21) 0.759
a
S
I

I
0

FIGURE 3

1

—_—
Association with an unfavorable
outcomes in TB-HIV patients

Four multivariable logistic regression models, utilizing the ENTER method, testing associations between the presence of DM (reference: no DM)
and different subcategories of unfavorable outcomes, including death (reference: clinical or bacteriological cure), treatment failure (reference:
clinical or bacteriological cure), TB recurrence (reference: clinical or bacteriological cure) and loss to follow up (reference: clinical or
bacteriological cure), were performed and plotted. All the variables included in the models can be found on Supplementary Table 3.

| |
2 3

high rates of missing cases were excluded from the study,
including data regarding drug-resistance and cash transfer
programs. Moreover, the SINAN-TB database does not possess
biochemical and pathological data of the reported cases.
Thus, our analysis was limited to statistical inferences using
clinical and epidemiological characteristics. In addition, all
data regarding DM was self-reported, thus values regarding
fasting blood glucose levels and hemoglobin Alc (HbAlc)
levels were not documented, also there was no differentiation
between if patients had either the type 1 or type 2 form of
this disease. Additionally, as we did not link the SINAN-TB
and SINAN-HIV databases, we did not have access to the
ART use and when it was initiated during ATT. Also, we
were uncertain if all data was collected uniformly throughout
the regions of the country. Nonetheless, even with these
limitations, a study like this is important since it was, to our
knowledge, the first to analyze specifically a large amount of
data about of TB-HIV-DM population in the Brazilian literature,
when concerning significant factors that were associated with
progression to unfavorable treatment outcomes.

Qur results demonstrate that, the DM does not seem have
a significant impact on their treatment outcome in our sample.
Additionally, variables such as certain consumption habits,
prior TB and non-white ethnicity had a similar presentation
in unfavorable ATT outcome groups of both TB-HIV and

Frontiersin Medicine

10

TB-HIV-DM patients. Therefore, this study highlights the
importance of also investing time and resources among TB-HIV
infected patients in controlling the use of alcohol, tobacco and
other drugs, as well as the significance of prior TB cases and the
social characteristics of TB patients, since, in contrast to DM, all
of these had a large presence in groups with a worse prognosis.
This type of strategy can minimize the occurrence of unfavorable
outcomes of anti-TB treatment and improve this population’s
quality of life.

Data availability statement

The raw data conclusions of this

article will be made available by the authors, without

supporting the

undue reservation.

Ethics statement

Ethical review and approval was not required for the
study on human participants in accordance with the
local legislation and institutional requirements. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the

institutional requirements.

frontiersin.org


https://doi.org/10.3389/fmed.2022.972145
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Villalva-Serra et al.

Author contributions

KV-S, BB-D, VN, RM, MA-P, and BA contributed
to conception and design of the study, processed and
analyzed the data, worked on data visualization, and
wrote the first draft of the manuscript. KV-S, BB-D, VN,
RM, MR, AQ, MA-P, and BA performed the data curation.
MA, MC-S, AK, and TS revised and contributed to the
structuring of the article. TS, MA-P, and BA supervised
the research. All authors contributed to manuscript
revision, read, and approved the submitted version of
the manuscript.

Funding

This study was supported by the National Institutes of
Health (NIH U01 AI069923 and NIAID R01 P30AI110527-03),
CCASAnet, RePORT-Brazil, Tennessee Center for AIDS
Research (TNCFAR), BB-D, RM, and MA-P received a
research fellowship from the Coordenacgio de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) (Finance Code:
001). KV-S received a fellowship from the Fundagdo de
Amparo a Pesquisa da Bahia (FAPESB). The work of BA
is supported by the Intramural Research Program of the
Oswaldo Cruz Foundation (FIOCRUZ) and the National
Council for Scientific and Technological Development
(CNPq), Brazil.

References

1. WHO. Global Tuberculosis Report 2020. World Health Organization (2020). p.
232. Available online at: http://apps.who.int/bookorders (accessed September 25,
2021).

2. World Health Organization. WHO Global Lists of High Burden Countries for
TB, Multidrug/rifampicin-Resistant TB (MDR/RR-TB) and TB/HIV, 2021-2025.
(2021). Available online at: https://cdn.who.int/media/docs/default-source/hq-
tuberculosis/who_globalhbcliststb_2021-2025_backgrounddocument.pdf?sfvrsn=
f6b854c2_9 (accessed November 27, 2021).

3. Baker MA, Harries AD, Jeon CY, Hart JE, Kapur A, Lonnroth K, et al. The
impact of diabetes on tuberculosis treatment outcomes: a systematic review. BMC
Med. (2011) 9:81. doi: 10.1186/1741-7015-9-81

4. Gil-Santana L, Almeida JL, Oliveira CAM, Hickson LS, Daltro C,
Castro S, et al. Diabetes is associated with worse clinical presentation in
tuberculosis patients from Brazil: a retrospective cohort study. PLoS ONE. (2016)
11:¢0146876. doi: 10.1371/journal.pone.0146876

5. Al-Rifai RH, Pearson F, Critchley JA, Abu-Raddad LJ. Association between
diabetes mellitus and active tuberculosis: a systematic review and meta-analysis.
PLoS ONE. (2017) 12:¢0187967. doi: 10.1371/journal.pone.0187967

6. Marcy O, Laureillard D, Madec Y, Chan S, Mayaud C, Borand L, et al. Causes
and determinants of mortality in HIV-infected adults with tuberculosis: an analysis
from the CAMELIA ANRS 1295-CIPRA KHO001 randomized trial. Clin Infect Dis.
(2014) 59:435-45. doi: 10.1093/cid/ciu283

7. World Health Organization. Global Tuberculosis Report 2021. (2021). p. 1-57.
Available online at: http://apps.who.int/iris; https://www.who.int/teams/global-
tuberculosis- programme/tb-reports/global-tuberculosis-report-2021  (accessed
March 23, 2022).

Frontiersin Medicine

10.3389/fmed.2022.972145

Acknowledgments

The authors thank Elze Leite (FIOCRUZ, Brazil) for logistics
and administrative support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.972145/full#supplementary-material

8.Sinha P, Moll AP, Brooks RP, Deng YH, Shenoi SV. Synergism between diabetes
and human immunodeficiency virus in increasing the risk of tuberculosis. Int |
Tuberc Lung Dis. (2018) 22:793. doi: 10.5588/ijtld.17.0936

9. Teferi MY, El-Khatib Z, Boltena MT, Andualem AT, Asamoah BO,
Biru M, et al. Tuberculosis treatment outcome and predictors in Africa: a
systematic review and meta-analysis. Int ] Environ Res Public Health. (2021)
20:10678. doi: 10.3390/ijerph182010678

10. Arriaga MB, Aratjo-Pereira M, Barreto-Duarte B, Sales C, Miguez-Pinto
JP, Nogueira EB, et al. Prevalence and clinical profiling of dysglycemia and HIV
infection in persons with pulmonary tuberculosis in Brazil. Front Med. (2022)
8:804173. doi: 10.1101/2021.10.29.21265663

11. DATASUS. Sinan—Sistema de Informacdo de Agravos de Notificagdo. (2021).
Available online at: http://www.saude.gov.br/editora (accessed September 21,
2021).

12. Vigilancia Sde, Nacional P, Controle D. Manual de Recomendagoes
para o Controle da Tuberculose no Brasil 2014. (2014). Available online at:
www.saude.gov.br/ (accessed September 21, 2021).

13. Arriaga MB, Amorim G, Queiroz ATL, Rodrigues MMS, Aratjo-Pereira
M, Nogueira BME et al. Novel stepwise approach to assess representativeness
of a large multicenter observational cohort of tuberculosis patients: the example
of RePORT Brazil. Int J Infect Dis. (2021) 103:110-8. doi: 10.1016/j.ijid.2020.
11.140

14. Lacerda SNB, de Abreu Temoteo RC, de Figueiredo TMRM, de Luna
EDT, de Sousa MAN, de Abreu LC, et al. Individual and social vulnerabilities
upon acquiring tuberculosis: a literature systematic review. Int Arch Med. (2014)
7:35. doi: 10.1186/1755-7682-7-35

frontiersin.org


https://doi.org/10.3389/fmed.2022.972145
https://www.frontiersin.org/articles/10.3389/fmed.2022.972145/full#supplementary-material
http://apps.who.int/bookorders
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/who_globalhbcliststb_2021-2025_backgrounddocument.pdf?sfvrsn=f6b854c2_9
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/who_globalhbcliststb_2021-2025_backgrounddocument.pdf?sfvrsn=f6b854c2_9
https://cdn.who.int/media/docs/default-source/hq-tuberculosis/who_globalhbcliststb_2021-2025_backgrounddocument.pdf?sfvrsn=f6b854c2_9
https://doi.org/10.1186/1741-7015-9-81
https://doi.org/10.1371/journal.pone.0146876
https://doi.org/10.1371/journal.pone.0187967
https://doi.org/10.1093/cid/ciu283
http://apps.who.int/iris
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://doi.org/10.5588/ijtld.17.0936
https://doi.org/10.3390/ijerph182010678
https://doi.org/10.1101/2021.10.29.21265663
http://www.saude.gov.br/editora
http://www.saude.gov.br/
https://doi.org/10.1016/j.ijid.2020.11.140
https://doi.org/10.1186/1755-7682-7-35
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Villalva-Serra et al.

15. O’Keefe EL, DiNicolantonio JJ, O’Keefe JH, Lavie CJ. Alcohol and
CV health: Jekyll and Hyde J-curves. Prog Cardiovasc Dis. (2018) 61:68-
75. doi: 10.1016/j.pcad.2018.02.001

16. Li Y, Schoufour J, Wang DD, Dhana K, Pan A, Liu X, et al. Healthy lifestyle
and life expectancy free of cancer, cardiovascular disease, and type 2 diabetes:
prospective cohort study. BMJ. (2020) 368:16669. doi: 10.1136/bmj.16669

17. Prado TN, Rajan JV, Miranda AE, Dias ED, Cosme LB, Possuelo LG.
Clinical and epidemiological characteristics associated with unfavorable
tuberculosis  treatment outcomes in TB-HIV co-infected patients in
Brazil: a hierarchical polytomous analysis. Braz ] Infect Dis. (2017)
21:162-70. doi: 10.1016/.bjid.2016.11.006

18. Ahmed AT, Karter AJ, Liu J. Alcohol consumption is inversely
associated with adherence to diabetes self-care behaviors. Diabet Med. (2006)
23:795. doi: 10.1111/.1464-5491.2006.01878.x

19. Lonnroth K, Williams BG, Stadlin S, Jaramillo E, Dye C. Alcohol use as
a risk factor for tuberculosis—a systematic review. BMC Public Health. (2008)
8:1-12. doi: 10.1186/1471-2458-8-289

20. Leung CC, Yew WW, Chan CK, Chang KC, Law WS, Lee SN,
et al. Smoking adversely affects treatment response, outcome and relapse
in tuberculosis. Eur Respir J. (2015) 45:738-45. doi: 10.1183/09031936.001
14214

21. Gaborit BJ, Revest M, Roblot F Maakaroun-Vermesse Z, Bemer
P, Guimard T, et al. Characteristics and outcome of multidrug-

Frontiersin Medicine

12

10.3389/fmed.2022.972145

resistant tuberculosis in a low-incidence area. Med Mal Infect. (2018)

48:457-64. doi: 10.1016/j.medmal.2018.04.400

22. Aliyu G, El-Kamary SS, Abimiku A, Ezati N, Mosunmola I, Hungerford L,
et al. Mycobacterial etiology of pulmonary tuberculosis and association with HIV
infection and multidrug resistance in northern Nigeria. Tuberc Res Treat. (2013)
2013:1-9. doi: 10.1155/2013/650561

23. Kumar Nathella P, Babu S. Influence of diabetes mellitus on immunity to
human tuberculosis. Immunology. (2017) 152:13-24. doi: 10.1111/imm.12762

24. Kuruva P, Kandi SR, Kandi S. Clinico-radiological profile and treatment
outcome of pulmonary tuberculosis with and without type 2 diabetes mellitus.
Indian J Tuberc. (2021) 68:249-54. doi: 10.1016/}.ijtb.2020.09.020

25. Ayelign B, Negash M, Genetu M, Wondmagegn T, Shibabaw T.
Immunological impacts of diabetes on the susceptibility of Mpycobacterium
tuberculosis. ] Immunol Res. (2019) 2019:6196532. doi: 10.1155/2019/6196532

26. Kubiak RW, Kratz M, Motala AA, Galagan S, Govere S, Brown ER, et al.
Clinic-based diabetes screening at the time of HIV testing and associations with
poor clinical outcomes in South Africa: a cohort study. BMC Infect Dis. (2021)
21:1-9. doi: 10.1186/s12879-021-06473-1

27. Suligoi B, Virdone S, Taborelli M, Frova L, Grande E, Grippo F et al.
Excess mortality related to circulatory system diseases and diabetes mellitus
among Italian AIDS patients vs. non-AIDS population: a population-based cohort
study using the multiple causes-of-death approach. BMC Infect Dis. (2018) 18:1-
8. doi: 10.1186/s12879-018-3336-x

frontiersin.org


https://doi.org/10.3389/fmed.2022.972145
https://doi.org/10.1016/j.pcad.2018.02.001
https://doi.org/10.1136/bmj.l6669
https://doi.org/10.1016/j.bjid.2016.11.006
https://doi.org/10.1111/j.1464-5491.2006.01878.x
https://doi.org/10.1186/1471-2458-8-289
https://doi.org/10.1183/09031936.00114214
https://doi.org/10.1016/j.medmal.2018.04.400
https://doi.org/10.1155/2013/650561
https://doi.org/10.1111/imm.12762
https://doi.org/10.1016/j.ijtb.2020.09.020
https://doi.org/10.1155/2019/6196532
https://doi.org/10.1186/s12879-021-06473-1
https://doi.org/10.1186/s12879-018-3336-x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Tuberculosis treatment outcomes of diabetic and non-diabetic TB/HIV co-infected patients: A nationwide observational study in Brazil
	Introduction
	Materials and methods
	Ethics statement
	Overall study design
	Data collection
	Outcome definition
	Study definitions
	Statistical analysis

	Results
	Treatment outcomes of TB-HIV co-infected patients
	Treatment outcomes in the TB-HIV-DM population
	Treatment outcomes in the TB-HIV population without DM
	Comparison of treatment outcomes between TB-HIV and TB-HIV-DM population

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


