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ABSTRACT

Objective: To describe the characteristics of adult patients with tuberculosis (TB) and diabetes mellitus
(DM) in Peru, and to explore the association of DM and mortality in people with TB. Materials and
methods: We carried out a secondary analysis of the database of the Management Information System of
Tuberculosis of the Tuberculosis Prevention and Control Directorate of the Ministry of Health of Peru.
Adult patients who started treatment with the scheme for drug-sensitive TB in 2016, 2017 and 2018 were
included. We carried out a descriptive analysis of patients with TB and DM, and an exploratory analysis
to assess the association of DM with mortality using a Poisson regression to determine the relative risk
(RR). Results: We registered 67,524 adults with drug-sensitive TB, of which 6,529 (9.7%) people were
reported as having TB and DM; and 4,048 (6.0%) had HIV infection. Of the patients reported with TB
and DM, most were men (60.2%) with a median age of 53 years. Regarding mortality, people with TB
and DM had a higher frequency of death compared to those with TB without DM (7.2% vs 5.4%). In the
exploratory analysis of factors associated with mortality, DM had a crude RR of 1.32 (95% CI: 1.20-1.50);
however, this association varied in the adjusted model with a RR of 0.93 (95% CI: 0.84-1.04). Conclu-
sions: DM is the most frequent comorbidity in patients with TB in Peru, although no association with

higher mortality was found.

Keywords: Tuberculosis; Diabetes Mellitus; Comorbidity; Mortality; Survival (source: MeSH NLM).

INTRODUCTION

In recent years, there has been an increase in non-communicable diseases such as diabetes
mellitus (DM) in populations of middle and low-income countries such as Peru . The fact
that Peru is one of the countries with the highest burden of tuberculosis (TB) in the Americas
puts it on alert for a possible increase in cases of TB/DM comorbidity ®. A systematic review
0f 200 studies found a combined prevalence of DM in TB patients of 15.3%, where the estimate
for Latin America was 7.7% ©.

This comorbidity may jeopardize ongoing efforts to control TB. A mathematical model
determined how the increase in DM prevalence could jeopardize the reduction in TB incidence
observed over the past few years. With an overall DM prevalence of 10% (as estimated by
the International Diabetes Federation in 2013), TB incidence would increase by 3% in 2035,
compared with the estimated incidence without an increase in DM prevalence . Similarly,

considering that DM is a multifactorial disease and that factors, such as obesity, are increasing,
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the prevalence for DM would be 12.5%, with a change in TB
incidence of 8% in 2035. This model demonstrates that the
increase in DM prevalence may directly affect TB incidence in
the coming years, which would negatively impact the targets
set to eliminate TB ©.

There is evidence that TB/DM comorbidity increases the
risk of poor TB treatment outcomes. A recent systemic review
found that DM increases the risk of death (OR: 1.88; 95%
CI: 1.59-2.21) and relapse (OR: 1.64; 95% CI: 1.29-2.08) ©.
Another systematic review found that patients with DM are
two to four times more at risk of having active TB ©. Likewise,
in the United Kingdom it was found that having a history of
TB increases the risk of DM by almost six times, so that this
comorbidity increases the clinical impact on the patient even
after the TB episode . Finally, the presence of DM in TB
patients increases the risk of cardiovascular death five years
after the end of TB treatment (HR: 1.70; 95% CI: 1.23-2.35) ®.

Some of these results can be explained by the fact that
DM, due to hyperglycemia, creates inflammatory and
vascular changes that can increase the risk of TB, in addition
to changes in the immune response ©. Likewise, there are
studies that provide evidence that glycemia control can
decrease this risk 19, this evidence is important for the
treatment of TB/DM comorbidity.

In this context, it is important to evaluate the epidemiological
characteristics of patients with TB and DM in Peru, in order to
have a better overview for the planning of potential interventions
for their comprehensive management. This study aims to describe
the demographic and treatment characteristics of TB in the adult
population with TB/DM comorbidity, in addition to exploring
the association between DM and mortality in TB patients.

MATERIALS AND METHODS

Study design
This is an observational retrospective cohort study based
on a secondary analysis of the Tuberculosis Management

Information System (SIGTB) database in Peru.

Data Source

The SIGTB database 'V of the Tuberculosis Prevention and
Control Directorate (DPCTB) of the Peruvian Ministry
of Health (MINSA) registers patients with TB treatment
throughout the country. This database includes patients
from MINSA, Social Insurance (EsSalud), the Military and
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KEY MESSAGES

Motivation for the study: The prevalence of diabetes mellitus
(DM) is increasing worldwide, especially in countries such as
Peru, which may affect the control of tuberculosis (TB).

Main findings: DM is the most frequent comorbidity in TB
patients, with an older median age compared to TB patients
without DM. Despite a higher frequency of mortality in TB
patients with DM, no evidence of association of DM with
mortality in TB patients has been found.

Implications: Comorbidity of TB with DM is frequent in
Peruvian patients, interventions that help in the management
of this comorbidity should be implemented.

Police Forces and the National Penitentiary Institute (INPE).
Upon request, the DPCTB provided this database, in an
Excel file and without personal identifiers, for the analysis

of this study.

Selection criteria

We included those patients who started treatment during the
years 2016, 2017 and 2018, and who were older than 18 years
and included in the treatment scheme for drug-sensitive TB.

No patients who met the inclusion criteria were excluded.

Variables

A case of TB with DM was considered to be a patient who
had a record of previous diagnosis of DM and/or diagnosis
of DM with glycemia test according to the SIGTB report,
which is included in the clinical record of the TB patient.
According to the DPCTB Technical Standard, all patients
with a diagnosis of TB (with or without a history of DM)
should undergo a fasting glucose test, in addition to other
laboratory tests such as complete blood count, liver profile
or HIV test (2,

Statistical analysis

We used frequencies to describe the categorical variables (sex,
age group, location of the disease, institution providing care,
geographic area, treatment outcome) as well as medians and
interquartile range for continuous variables (age). In the case

of treatment outcome, we used the categories established in
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the Technical Standard (cured, complete treatment, death,
treatment failure, treatment loss), which are consistent with
the definitions of TB treatment outcome suggested by the
World Health Organization (WHO) 92!, Other variables
evaluated were HIV infection, history of TB treatment,
adverse drug reaction and report of smoking, alcoholism
and drug addiction according to the definition used in the
SIGTB based on the requirements of the DPCTB Technical
Standard 2.

To evaluate the differences between TB patients with
and without DM, we used the Chi-square test (categorical
variables) and the Mann-Whitney test (numerical variables).
An exploratory analysis was carried out to evaluate factors
associated with mortality, using a Poisson regression with
robust variance to determine the relative risk (RR) with 95%
confidence intervals (95% CI); we also evaluated crude and
adjusted models for HIV, sex, age group, TB location, and
TB history. These variables were selected because they were
reported as confounding variables, according to the available
epidemiological evidence (*!”. The analysis was carried
out using the statistical package STATA 16.1° (StataCorp,
USA). Due to the fact that we analyzed an operational
database of the entire country with quality control, several
of the variables had missing data, although less than 10%;
however, the DM information had 14.5% missing data, but
not randomly (there were regions that had different filling
ratios), so multiple imputation could not be performed and

we only described the information.

Ethical criteria

This study was authorized by the Institutional Ethics
Committee of the Universidad Peruana Cayetano Heredia
(SIDISI 200531) and is registered in PRISA of the Instituto
Nacional de Salud (registry EI00001745).

RESULTS

A total of 90,468 TB patients were registered in the SIGTB
(Figure 1), of which 81,807 were adults. We excluded those
who were not on the treatment schedule for drug-sensitive
TB and who did not have a favorable treatment outcome.
Resulting in 67,524 people with TB, whose sociodemographic
characteristics are shown in Table 1. We found that 9.7% of

patients had DM (6,529/67,524) and 6.0% of patients had
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HIV (4,048/67,524). The description of TB patients with DM
is presented in Table 2.

The regions with the highest proportion of patients with
TB and DM were Tumbes, Moquegua, Piura, Ucayali, San
Martin and Cajamarca. Regarding the frequency of TB by
institutions, in EsSalud we found 13.1% (1,570/12,018), in
the Peruvian National Police Health Service we found 12.4%
(10/81) and in MINSA we found 9.8% (4860/49,430). The
INPE reported 1.4% of TB with DM, but had 66.8% of its TB
population with no result and/or report of DM (3,929/5,879).
The Air Force Health institution (1 patient) and the Army
Health institution (14 patients) did not report patients with
TB and DM.

Regarding TB treatment outcomes, we found that TB
patients with DM had similar proportion of successful
outcome (defined as cured and treatment completed): 86.8%
of people with TB and DM successfully completed treatment,
compared to people with TB without DM (86.2%); regarding
mortality during TB treatment, TB patients with DM have
a higher frequency of death compared to those with TB
without DM (7.1% vs. 5.4%).

In the exploratory analysis of the factors associated
with mortality, DM presented, in the crude analysis, a RR
of 1.32 (95% CI: 1.20-1.50); however, this association varied

when adjusted for HIV, sex, age group, extrapulmonary

90,468 patients registered in SIGTB

2016-2018
8,661 underage

patients

81,807 adult

patients
13,862 patients who
did not have a sensitive TB
scheme
| 67,945 with sensitive TB |

| 6,578 total patients with DM* |

* 4,704 patients with a history of DM plus 1,874 patients with a diagnosis of DM by
glycemia test.
SIGTB: Tuberculosis Management Information System.

Figure 1. Patient selection flowchart.
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Table 1. General characteristics of the population with drug-sensitive
tuberculosis in Peru, 2016-2018.

Characteristics Pe(olf):lz;s: ;tzli)rB
Men (%) 43,486 (64.4)
Age median (IQR) 35 (25-52)
Age groups (n=67,355) (%)
18-24 16,476 (24.5)
25-34 17,128 (25.4)
35-44 10,680 (15.9)
45-54 7,774 (11.6)
55-64 6,297 (9.4)
>65 9,000 (13.4)
No history of TB (%) 59,280 (87.8)
HIV infection (n = 62 988) (%) 4,048 (6.0)
Diabetes (n =57 736) (%) 6,529 (9.7)
Institution (%)
MINSA 49,430 (73.2)
EsSalud 12,018 (17.8)
INPE 5,879 (8.7)
Military and Police Forces 197 (0.3)

TB location (%)

Pulmonary 53,893 (79.8)

Extrapulmonary 13,631 (20.2)
Smoking 6,218 (9.2)
Alcoholism 7,810 (11.6)
Drug addiction 6,916 (10.2)
Irregularity in 1st phase (%) 3,652 (5.4)
Irregularity in 2nd phase (%) 9,132 (13.5)

Discharge condition (%)
Healed 44,196 (65.5)

Complete treatment 13,626 (20.2)

Lost in treatment 5,670 (8.4)

Deceased 3,831 (5.7)

Treatment failure 201 (0.3)
Adverse drug reaction 716 (1.1)

IQR: interquartile range; TB: tuberculosis; HIV: human immunodeficiency virus;
MINSA: Ministry of Health; EsSalud: Social Health Insurance; INPE: National
Penitentiary Institute.

tuberculosis and history of TB (RR: 0.93; 95% CI: 0.84- 1.04)
(Table 3).

DISCUSSION

We found that during the 2016-2018 period, adult Peruvians
who had sensitive TB presented a higher prevalence of DM

https://doi.org/10.17843/rpmesp.2021.382.6764

compared to HIV, and even compared to addictions such as
alcoholism, smoking and drug addiction, placing it as the
most common comorbidity among those registered in the
SIGTB. However, although a higher frequency of mortality
was found in patients with TB and DM, this mortality was
not associated with DM status. This result is different from
that found in other studies *'®, which could be explained
by the presence of unmeasured confounding variables
(treatment for DM, body mass index at TB diagnosis) that
would have allowed us to better isolate the effect of DM on
mortality in patients with TB.

These results on the frequency of DM are similar
to those found in Peruvian studies that evaluated the
association of TB and DM, where prevalence values of
12.5% "9 and 14.0% @, respectively, have been found;
however, in these studies glycosylated hemoglobin tests
were performed to confirm DM status. It is likely that there
is an underreporting of cases with DM in this study because
glycosylated hemoglobin was not used for diagnosis. These
findings of high prevalence of DM in TB patients have also
been found in other countries ??? where prevalence values
of around 10% have been described.

It has been reported that in most of these studies one of
the most important limitations is the lack of data on non-
infectious comorbidities (arterial hypertension, obesity,
depression, cardiovascular disease), which are usually
associated with DM and a greater degree of severity ®*. Within
the person-centered approach, it should be recognized that
a person with TB should be evaluated in a comprehensive
manner, especially if cardiovascular risk factors are identified.
There is evidence that shows that even after TB treatment,
there is an increased risk of mortality. A study in Brazil
found that having DM was associated with mortality from
cardiovascular causes five years after TB diagnosis (HR: 1.70;
95% CI: 1.23-2.34) ®, Likewise, it should be considered that
in addition to DM, there are other cardiovascular conditions
that affect people with TB. Evidence has been found of the
association between Mycobacterium tuberculosis infection
and myocardial infarction ©¥, so in a context where our
populations are facing an increase in the prevalence of non-
communicable diseases and the still high prevalence of TB,
the patient should be evaluated in a comprehensive manner.

As mentioned, the lack of association between DM and

mortality may be due to unmeasured confounding variables.
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Table 2. General characteristics of patients with diagnosed tuberculosis with or without the comorbidity of diabetes mellitus.

TB without DM

TB with DM

Characteristics (n=52,357) (n=6,577) p value
Men (%) 31,904 (62.3) 3,932 (60.2) 0.001
Median age (IQR) 33(24-51) 53 (41-63) <0.001
Age groups (n =67 773) (%)

18-24 13,483 (26.3) 396 (6.1)

25-34 13,274 (26.0 604 (9.3)

35-44 8,055 (15.8) 1,003 (15.4) <0.001

45-54 5,323 (10.4) 1,526 (23.4)

55-64 4,200 (8.2) 1,520 (23.3)

>65 6,749 (13.2) 1,478 (22.6)
HIV (%) 3,284 (6.7) 256 (4.2) <0.001
Extrapulmonary TB (%) 11,366 (22.2) 790 (12.1) <0.001
Smoking (%) 3,002 (5.7) 280 (4.3) <0.001
Discharge condition (%)

Healed 33,241 (64.9) 4,500 (68.9)

Complete treatment 10,886(21.3) 1,170 (17.9)

Lost in treatment 4,165 (8.1) 368 (5.6) <0.001

Deceased 2,775 (5.4) 467 (7.2)

Treatment failure 140 (0.3) 24(0.4)
Adverse drug reaction (%) 582 (1.2) 81(1.2) 0.297

DM: diabetes mellitus; IQR, interquartile range; TB, tuberculosis; HIV, human immunodeficiency virus.

One example is treatment for DM; there is evidence that
shows that patients with controlled DM are successfully
treated, similar to those patients with TB who do not have
DM @; likewise, there is evidence that shows that the use of
metformin could be associated with a better TB treatment
outcome 2, even reducing the risk of TB relapses three
years after the end of treatment @¥.

One of the problems we encountered in this study was
the lack of data related to DM, which were not included in
the SIGTB, such as type of DM treatment, glucose results,
glycosylated hemoglobin, lipid profile, adherence to DM
treatment, body mass index, among other variables. Since
they are not considered as important information for the
evaluation of the TB patient, there is a tendency to see the
diseases as “silos” (independent of one another) and this
does not allow for an adequate comprehensive evaluation, in
addition to not being able to adequately isolate the real effect

of DM on TB due to confounding variables that were not
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measured Y. However, in the new versions of the SIGTB,
several of these variables are being included, which will
allow better surveillance of TB/DM comorbidity.

Also, because the SIGTB does not record specific causes of
death, in patients with TB, it is not known whether the cause
of death was TB or a cardiovascular or metabolic cause. In
addition, 14% of the database does not report the DM status (in
some regions more than others), this could underestimate the
association found. In the case of DM, it is important to have an
adequate diagnostic evaluation, as a transient hyperglycemic
state is common in TB patients (as in other infections). A
study in Tanzania found that hyperglycemia was reduced after
treatment for TB, but despite this, an association was found
between hyperglycemia at the beginning of treatment with
adverse treatment outcomes ®). Because of this, evaluation
of glycemia in patients with DM and even hyperglycemia
should be followed during TB treatment to confirm whether

it is a case of transient hyperglycemia. Finally, treatment of

https://doi.org/10.17843/rpmesp.2021.382.6764
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Table 3. Poisson regression model for the association between diabetes mellitus and mortality in patients with tuberculosis (n = 55,322).

Crude model Adjusted model *
Factors
RR (95% CI) p value RR (95% CI) p value

DM

No 1 (Ref.) <0.001 1 (Ref)

Yes 1.32 (1.20-1.50) 0.9 (0.8-1.0) 0.185
HIV

No 1 (Ref.) 1 (Ref.)

Yes 5.48 (5.08-5.91) <0.001 6.8 (6.2-7.4) <0.001
Sex

Female 1 (Ref.) 1 (Ref.)

Male 1.31 (1.23- 1.41) <0.001 1.3(1.2-1.4) <0.001
Age group (years)

18-24 1 (Ref.) 1 (Ref.)

25-34 2.1(1.8-2.5) <0.001 1.7 (1.4-2.0) <0.001

35-44 3.2(2.7-3.7) <0.001 2.3 (2.0-2.8) <0.001

45-54 4.4 (3.8-5.2) <0.001 3.7 (3.1-4.4) <0.001

55-64 6.1 (5.2-7.1) <0.001 6.1(5.2-7.2) <0.001

>65 11.8 (10.2-13.5) <0.001 11.4 (9.8-13.3) <0.001
Extrapulmonary TB

No 1 (Ref.) 1 (Ref.)

Yes 1.6 (1.4-1.7) <0.001 1.5 (1.4-1.7) <0.001
History of TB

No 1 (Ref.) 0.278 1 (Ref.) 0.331

Yes 1.1(1.0-1.2) 1.1 (0.9-1.2)

DM: diabetes mellitus; TB: tuberculosis; HIV: human immunodeficiency virus; RR: relative risk.

* Adjusted for HIV, sex and age.

DM is not regularly recorded in the TB treatment record, as
there is not much evidence on the best treatment in these
cases. Experts suggest that the use of insulin is the best option
because it allows adequate glucose management, but it implies
a greater involvement of health personnel to train the patient
and his or her environment. On the other hand, metformin
has shown, in some studies, activity against Mycobacterium
tuberculosis ®>?739, but there are still no randomized clinical
trials that confirm this effect, in addition to presenting adverse
events such as lactic acidosis, nausea or vomiting that can
affect adherence to TB treatment.

The strength of this study is to have evaluated all patients
registered in Peru during 2016-2018, with treatment results
of almost all patients (>99%), thus making it representative
of that period. The SIGTB platform allows a better evaluation
and follow-up of this comorbidity, as it supports updates of

important data such as glucose or body mass index. It also

https://doi.org/10.17843/rpmesp.2021.382.6764

makes it possible to identify areas in the country where 100%
screening for DM has not yet been achieved (something
almost achieved for HIV), in order to strengthen the health
system and achieve the objective of identifying patients with
this comorbidity.

In conclusion, DM has been identified as the most
common comorbidity in TB patients in Peru. Studies that
evaluate the healthcare process of patients with TB and DM
are needed to assess the barriers and difficulties presented
by these patients, as well as to propose a multimorbidity

approach within person-centered care.
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