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Impact of tuberculosis on glycaemic status: A neglected association

Darshan Krishnappa', Surendra K. Sharma'*, Achintya Dinesh Singh', Sanjeev Sinha', A.C. Ammini*' &
Manish Soneja!

Departments of 'Medicine & *Endocrinology, All India Institute of Medical Sciences, New Delhi, India

Received December 3, 2017

Background & objectives: Diabetes mellitus (DM) is an important risk factor for tuberculosis and
has received increasing emphasis. However, the reverse association of tuberculosis impacting blood
sugar levels has not been well studied. The present study was conducted to evaluate the prevalence of
hyperglycemia in patients with tuberculosis and assess its resolution following successful treatment of
tuberculosis.

Methods: In this prospective study, a total of 582 patients with tuberculosis were evaluated for
hyperglycaemia [DM or impaired glucose tolerance (IGT)] with random blood sugar (RBS) and all
patients with RBS >100 mg/dl were subjected to a 75 g oral glucose tolerance test (OGTT). All patients
received thrice weekly intermittent Directly Observed Treatment Short Course (DOTS) for tuberculosis.
Patients with hyperglycaemia were re-evaluated at the end of anti-tuberculosis treatment with an OGTT
and glycated hemoglobin (HbA,) levels to assess for glycaemic status.

Results: In the present study, 41 of the 582 patients were found to have DM [7%, 95% confidence interval
(CI) (5.2,9.4)] while 26 patients were found to have IGT [4.5%, 95% CI (3, 6.5)]. Three patients were lost
to follow up. Of the 26 patients with IGT, 17 [65.4%, 95% CI (46.1, 80.7)] reverted to euglycaemic status
following successful treatment of tuberculosis, while the blood sugar levels improved in all patients with
DM following treatment of tuberculosis.

Interpretation & conclusions: Our study results show that tuberculosis adversely impacts glycaemic status
with improvement in blood sugar levels at the end of successful treatment of tuberculosis. Longitudinal
studies with large sample size are required to confirm these findings.
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The adverse impact of diabetes mellitus (DM) majority of studies involved patients diagnosed
on tuberculosis has been well known. Tuberculosis with DM who went on to develop tuberculosis'. A
has been found to occur commonly among patients multi-centre study showed a prevalence of 13 per cent
with DM, with general consensus for a unidirectional of DM in tuberculosis>. DM is not only associated
association between the two conditions since the with an increased risk for tuberculosis, but it may also
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impact clinical presentation and treatment outcomes.
While some studies have reported a higher sputum
positivity, longer time to sputum conversion and higher
rates of cavitation®*, other studies have reported no
difference™®. This discrepancy may be related to the
status of blood sugar control.

The role of tuberculosis in the development of
DM was first suspected by Munkner’ and Nichols® and
has since found more favour among researchers with
numerous animal and human studies linking a role for
tuberculosis in the development of DM’'2, Human
studies assessing the reversibility of impaired glucose
tolerance (IGT) with the treatment of tuberculosis are,
however, limited. This prospective study was carried
out to determine the presence of hyperglycaemia
(DM and IGT) in patients with tuberculosis and to
assess its resolution following successful treatment of
tuberculosis.

Material & Methods

This study was conducted at the All India
Institute of Medical Sciences (AIIMS), New Delhi,
India. Patients were recruited between May 2012 and
December 2013. All patients were followed up for
one year after recruitment. All consecutive patients
of either sex, aged between 15 and 65 yr presenting
to the Directly Observed Treatment, Short-course
(DOTS) centre at AIIMS, New Delhi, with a diagnosis
of tuberculosis (TB) were enrolled for the study. Both
treatment naive and treatment experienced patients
were included. The patients suffering from human
immunodeficiency virus (HIV) infection, multidrug-
resistant tuberculosis, receiving corticosteroids, aged
<15 yr, pregnant women and those not willing for
follow up were excluded from the study.

Institutional Ethics Committee of AIIMS, New
Delhi, India, approved the study. Written informed
consent was obtained from each participant enrolled in
the study.

Study design: In this prospective longitudinal study,
eligible patients were enrolled after establishing the
diagnosis of TB according to previously described
criteria. A diagnosis of tuberculosis was made as per the
World Health Organization criteria for smear-positive,
smear-negative pulmonary TB or extrapulmonary
TB'*!4, In all patients, random blood sugar (RBS) was
checked using a glucometer (Accu-Chek® Active,
Roche Diagnostics, Switzerland). All patients with
an RBS more than 100 mg/dl underwent a 75 g oral
glucose tolerance test (OGTT) in the morning after

eight hours overnight fasting. Patients were diagnosed
to have IGT as per the WHO criteria'®. Patients with IGT
were re-evaluated with a 75 g OGTT and glycosylated
haemoglobin (HbA ) at the end of treatment. Patients
with persistent IGT were re-evaluated one year after
treatment. Patients received category I or category II
intermittent thrice weekly anti-tuberculosis therapy
from DOTS centre as per the Revised National
Tuberculosis Control Programme guidelines'®.

Statistical analysis: For all comparisons between patients
with IGT and those without, Chi-square test or Fisher’s
exact test was used for categorical data while Student’s ¢
test and Wilcoxon rank-sum test were used for continuous
data. The analysis was performed using Stata 11.2 for
Windows (Stata Corp, College Station, TX, USA).

Results

A total of 582 patients were recruited in the study.
Of these, 35 (6%) patients had type 2 DM. A RBS
test was done in the remaining 547 patients, of whom
250 patients had blood sugars above 100 mg/dl and
underwent an OGTT. Of these patients, six were newly
diagnosed to have DM while 26 patients were found to
have IGT, (Fig. 1). Thus, 41 of the 582 patients were
found to have DM [7%, 95% confidence interval (CI)
(5.2, 9.4)] while 26 patients were found to have IGT
[4.5%, 95% CI (3, 6.5)]. Patients with IGT were older
than euglycaemic patients (36.5 vs. 31 yr, P<0.05).
There were no significant differences between the
two groups of patients with respect to body mass
index (BMI) or type of tuberculosis. Characteristics of
patients with IGT and those with euglycaemic status
are described in the Table.

Patients with DM were older than non-diabetic
patients (45.6 vs. 31 yr, P<0.001) and were found to
have a higher BMI (22.5 vs. 20.4 kg/m?). There was
no significant difference between the two groups with
respect to type of tuberculosis (Table).

Of the 26 patients with IGT, three patients were
lost to follow up, while a 75 g OGTT was repeated
and a HbA, was done at the end of treatment in the
remaining 23 patients. All patients with DM were
followed up with HbA  measurements every three
monthly and were treated with lifestyle modification
measures and oral hypoglycaemic agents (OHA)
and/or insulin as appropriate.

Of the 23 patients with IGT, eight patients
(34.8%) were found to have persistent IGT while 15
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Fig. 1. Study profile for the presence of hyperglycaemia in tuberculosis patients. TB, tuberculosis; RBS, random blood sugar level;
OGTT, oral glucose tolerance test; DM, diabetes mellitus; IGT, impaired glucose tolerance.
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Fig. 2. Follow up of patients with impaired glucose tolerance (IGT)
at the end of treatment and on one-year post-treatment follow up.
Abbreviations are as given in Fig.1.

patients were found to be euglycaemic at the end of
treatment. Of the eight patients with persistent IGT
at the end of treatment, five were lost to follow up
while two patients reverted to euglycaemic status one
year after completion of treatment and one patient

died likely due to severe dengue infection during
the dengue outbreak. Thus, 17 of the 26 patients
with IGT reverted to euglycaemic status one year
after the completion of treatment [65.4%, 95% CI
(46.1, 80.7)] (Fig. 2). Of the 41 diabetic patients, six
(14.6%) newly detected diabetic patients continued
to remain diabetic one year after the completion of
treatment.

Discussion

Tuberculosis and DM have a bi-directional
relationship with each condition adversely impacting
the other. There are several mechanisms by which
tuberculosis can cause hyperglycaemia: the stress of
disease leads to increased release of hormones such
as cortisol which increase blood sugars; also release
of various cytokines, chemokines and tubercular
proteins may cause pancreatic dysfunction, the so-
called ‘concomitant pancreatitis’'’. This dysfunction
is likely due to increased deposition of amylin within
the pancreas consequent to increased beta cell function
due to the transient hyperglycaemia at the onset of
disease it may also occur due to direct invasion of
the pancreas by the mycobacteria which often goes
unrecognized®!’.
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Table. Characteristics of patients with impaired glucose tolerance and diabetes mellitus (DM)

tolerance; BMI, body mass index; SD, standard deviation

Characteristics IGT + TB (n=26) TB only (n=515) TB + DM (n=41)
Age (yr), 36.5+£12.2" 31£11.1 45.6+8.6"
Sex

Male 13 (50) 285 (55.3) 27 (65.9)

Female 13 (50) 230 (44.7) 14 (34.2)

BMI (kg/m?) 20.5£3.2 20.4+4 22.5+2.6"
Type of TB

Pulmonary TB 13 (50) 200 (38.8) 21 (51.1)

Extrapulmonary TB 13 (50) 315 (61.2) 20 (48.9)
Type of pulmonary TB

Sputum positive 8 (61.5) 103 (51.5) 8 (38)

1+ 8 100 8

2+ 0 3 0

3+ 0 0 0

Sputum negative 5(38.5) 97 (48.5) 13 (62)
Type of extrapulmonary TB

Lymph node 9(69.2) 215 (67.9) 10 (50)*

Pleural effusion 1(7.7) 39 (12.4) 7 (35)*

Pericardial effusion 1(7.7) 1(0.3) 1(5)

Peritonitis 1(7.7) 5(1.6) 0

Genitourinary 43 (13.7) 2 (10)

Musculoskeletal 1(7.7) 6(1.9) 0

Meningitis 0 2 (0.6) 0

Cutaneous 0 4(1.2) 0

Age and BMI data have been expressed as mean+SD and sex, type of TB, type of pulmonary TB and type of extrapulmonary TB
as number (%). "P<0.05 compared to TB only; ¥<0.001 compared to TB only; *P<0.05. TB, tuberculosis; IGT, impaired glucose

In the present study, seven per cent patients were
found to have DM. The prevalence of DM varies from
as high as 19.5 per cent in Kerala to 6.1 per cent in the
Kashmir valley'®!?, A large multi-centric study found
13 per cent prevalence of DM among tuberculosis
across India’.

IGT was found in 4.5 per cent patients. This
was lower compared to other studies which
reported the IGT between 10.3 and 14 per cent®*?!.
However, these studies have been done in different
parts of India and the prevalence IGT has regional
variation??. In addition, our study had a higher
proportion of patients with extrapulmonary TB
while the association with hyperglycaemia was
higher with pulmonary TB.

The limitation of the present study was that all
patients with IGT received advice regarding lifestyle

modification which could have also contributed to the
improvement in glycaemic status. IGT is considered
a risk factor for future development of DM. Although
IGT in patients with TB may be related to the stress
of infection and often reverts following successful
treatment of TB, these patients remain at risk for future
development of DM?. Further, the progression to
DM increases the risk of recurrence of TB. Therefore,
patients diagnosed with IGT should receive lifestyle
modification and close follow up of blood sugar status
and not be neglected as mere cases of transient stress
hyperglycaemia.

In conclusion, our study showed the adverse impact
of tuberculosis on glycaemic status. Given the high
prevalence of active and latent tuberculosis infection in
our country and the increasing prevalence of DM, further
analyzing this association may contribute to filling the
knowledge gap regarding the pathogenesis of DM and
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eventually enable a permanent cure for this condition.
Long-term studies with large sample size are required
after completion of anti-TB treatment to determine the
reversible nature of these metabolic changes.
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