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ABSTRACT
Background: Pulmonary Tuberculosis (PTB) still remains a global public health problem. Diabetes Mellitus (DM), is
a metabolic disorder characterized by hyperglycaemia. Diabetes along with poor glycaemic control leads to an
immune compromised state. As prevalence of both TB and DM is increasing in India, this association of PTB and
DM may prove a threat to TB control program. Aims and objectives of the study was to detect prevalence of
pulmonary tuberculosis in patients with DM and Lower Respiratory Tract Infection (LRTI).
Methods: Sputum specimen from consecutive 250 known diabetic adult patients with type 2 diabetes and clinical
evidence of LRTI were processed for microscopy, solid culture and Xpert MTB/RIF assay. Clinical findings, duration
of DM, regularity of treatment and recent fasting blood glucose level were noted.
Results: TB was detected in 31(12.8%) patients. Microscopy, culture and Xpert assay were positive in 14(5.6%),
29(11.6%) and 24(9.5%) cases respectively. Culture detected seven cases more than Xpert assay. Two additional
cases were detected by Xpert assay than culture. Rifampicin resistance was detected in seven (29.17%) cases by Xpert
assay. TB detection rate was higher in patients with more than two weeks of cough (14.38%), history of tuberculosis
(15.9%), hyperglycemia (13.9%) and significantly higher in those with irregular anti-diabetic treatment (35.7%).
Conclusions: Irregular anti-diabetic treatment, hyperglycaemia and history of tuberculosis were strongly associated
with pulmonary TB. Xpert assay should be used as the initial diagnostic test for detection of tuberculosis as well as
rifampicin resistance in diabetic patients by TB control programme.
Keywords: Diabetes mellitus, Lower respiratory tract infection, Pulmonary tuberculosis

INTRODUCTION
Pulmonary
Tuberculosis
(PTB)
caused
by
Mycobacterium Tuberculosis (MTB) still remains a
considerable global public health concern, mainly
affecting vulnerable population.1 India accounts for 25%
of the global burden of Tuberculosis (TB) and 29% of
global TB mortality.2 The risk of developing TB is higher
in persons with chronic debilitating diseases with
immunocompromised state. Diabetes Mellitus (DM),
which is increasing globally, is a metabolic disorder

characterized by hyperglycemia due to absolute or
relative insulin deficiency. Diabetes along with poor
glycemic control leads to an immune compromised state
with defective functioning of cell mediated immunity. 3 In
addition, reduced oxygen supply to tissues as a result of
micro vascular changes predisposes them to infections.4
An association between HIV and TB is already known. 5
But similar association may exist between DM and TB.
Diabetic patients are at a higher risk of developing new as
well as reactivation of old TB disease.6 Patients with this
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dual disease may be more contagious at diagnosis, may
remain infectious for longer period and uncontrolled and
undiagnosed diabetes may lead to poor TB treatment
outcome.7,8 As prevalence of both TB and DM is
increasing in India, this association of PTB and DM may
prove a threat to TB control program. Various studies
have been carried out to determine the prevalence of DM
in TB patients, but only limited studies are available on
prevalence of TB in DM cases. Hence this study was
undertaken to detect prevalence of pulmonary
tuberculosis in patients with DM and Lower Respiratory
Tract Infection (LRTI).
METHODS
This cross-sectional study was carried out over a period
of one year (June 2015-May 2016) in a tertiary care
hospital after obtaining Institutional Ethics Committee
permission (IEC-II reference No EC/194/2014). 250
known diabetic adult patients of any gender, with type 2
diabetes, of any duration, irrespective of their antidiabetic drug management, with clinical evidence of
LRTI, referred by clinicians for microbiological
investigations and willing to give written informed
consent were included in this study. Patients already on
anti-TB treatment or HIV seropositive or those on
prolonged steroids were excluded from study. Sample
size was calculated by using following standard statistical
formula –
𝑛=

𝑍² 𝑃 (1 − 𝑃)
𝑑²

Where,
n = sample size,
95% of Z=1.96
P = Prevalence.
d=
Prevalence
10-90%
<10%
>90%

Early morning specimen was tested by Xpert MTB/RIF
assay (Xpert assay).9 Spot specimen was processed by
digestion and decontamination with N-Acetyl-L-Cysteine
(NALC)-NaOH
method
and
concentrated
by
centrifugation at 3000 g for 15 minutes. Pellet obtained
after centrifugation was inoculated on Lowenstein-Jensen
(LJ) medium and incubated aerobically at 37°C. 10 Any
growth observed on LJ medium was identified as MTB or
Mycobacteria Other Than Tuberculosis [MOTT] using
phenotypic characteristics. Any acid-fast isolate which
was a slow grower, forming buff coloured colony on LJ
but did not grow on LJ containing Para-Nitrobenzoic
Acid (PNBA) and MPT64 positive was characterized as
MTB.
For each patient, clinical signs and symptoms, duration of
DM, regularity of treatment for DM, recent fasting Blood
Glucose Level (BSL) and radiological findings were
noted. A patient was confirmed as a case of TB if either
culture or Xpert assay was positive.
RESULTS
Here, 250 patients satisfying the inclusion criteria were
enrolled in this study of which eight patients were
excluded due to contamination in culture or invalid result
in Xpert assay. The results of 242 patients were analyzed
further. Mean age of enrolled patients was 57 years
(range is 39-91 years). Maximum number of MTB
positive cases were detected in age group 51-60 years
(33.88%) followed by 61-70 years (25.62%).
137(56.61%) patients were men and 105(43.39%) were
women. MTB was detected in 31(12.8%) patients of
which 26(18.97%) were men and 5(4.76%) were women.
Positivity in men was significantly higher than in women
with p value <0.05 (p value = 0.001039).
Table 1: Comparison of mycobacterial culture with
microscopy and xpert MTB/RIF assay.

Precision
d = 5%
d = P/2
d = 0.5 (1-P)

In this study, Prevalence is 8%.
Thus, using above formula; sample size = 176 equivalent
to 200. Here, sample size for this study was taken as 250.
For qualitative data chi-square test and for quantitative
data student T-test was used. p<0.05 was considered as
significant.
All processing was carried out in Bio Safety Cabinet
(BSC) class 2 and level 2 bio safety practices were
followed. Two sputum specimens of minimum 2 ml
quantity were collected in sterile container from each
patient of which one was early morning specimen. Direct
microscopy by Ziehl Neelsen (ZN) staining was carried
out on both the specimens.

Test result
Smear positive
Xpert positive
Smear negative
Xpert positive
Smear positive
Xpert negative
Smear negative
Xpert negative
Total

LJ culture
positive

LJ culture
negative

13

1

9

1

0

0

7

211

29

213

Acid fast stained microscopy, LJ culture and Xpert assay
were positive in 14(5.6%), 29(11.6%) and 24(9.5%) cases
respectively. Culture as a gold standard detected 16 cases
more than smear and seven cases more than Xpert assay.
These seven specimens had very low bacillary load by
Xpert assay and were negative by microscopy. Xpert
assay detected two cases more than culture. Rifampicin
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resistance was detected in seven (29.17%) cases by Xpert
assay. All cases positive by microscopy were also
positive by culture and Xpert assay. Average duration of
culture positivity was 39 days. Microscopy had 44.82%
sensitivity and 99.53% specificity and Xpert assay had
75.86% sensitivity and 99.06% specificity in comparison
with culture (Table 1).
TB detection rate was higher in patients with more than
two weeks of cough (14.38% vs. 10.42%), with history of
tuberculosis (15.9% vs. 12.12%), hyperglycemia (13.9%
vs. 9.09%) and significantly higher in those with irregular

anti-diabetic treatment at p value <0.05 (p value is
0.02552) (35.7% vs. 11.4%) (Table 2, 3).
Table 2: Comparison of TB cases with fasting
plasma sugar.
Fasting
plasma sugar
(mg/dl)
≤ 126
>126

Total
242
55
187

TB
positive
(total - 31)
5(9.09%)
26(13.90%)

TB negative
(total - 211)
50(90.91%)
161(86.10%)

Table 3: TB cases (%) based on duration of cough, history of TB and DM treatment.

Total
Positive (TB)
Percent (%)

Duration of cough
≤ 2 weeks
>2 weeks
96
146
10
21
10.42%
14.38%

History of TB
Present
44
7
15.9%

Absent
198
24
12.12%

DM treatment
Regular
228
26
11.4%

Not regular
14
5
35.7%

valid as Sample Processing Control (SPC) was amplified
and Probe Check Control (PCC) also worked.

DISCUSSION
Diabetes mellitus has emerged as a growing worldwide
chronic health condition, as a consequence of obesity,
changing patterns of diet, physical inactivity and aging
populations.11 The epidemic growth of DM has occurred
in developing countries where TB is highly endemic.
Diabetes can worsen the clinical course of TB, and TB
can worsen glycemic control in people with diabetes.11
Individuals with both conditions thus require careful
clinical management. Strategies are needed to ensure that
optimal care is provided to patients with both diseases:
TB must be diagnosed early in people with diabetes for
eliminating disease and move to “End TB”.8
In the present study, 242 consecutive known diabetic
patients were included and tested for presence of MTB in
sputum specimen by microscopy, culture and Xpert
assay. MTB was detected in total 31(12.8%) patients
either by microscopy or culture or Xpert assay. As a
standalone test, microscopy, culture and Xpert assay
detected MTB in 5.6%, 11.6% and 9.5% of the cases
respectively. Other studies done on diabetic patients
detected 9.5% to 11.8% cases.12-14
In the present study, culture detected seven cases more
than Xpert assay. Culture is a gold standard test for
diagnosis of TB. It detects only viable bacilli and has
better sensitivity (10-100 bacilli / ml) as compared to
Xpert assay which detects 131 bacilli / ml. Culture takes
2-8 weeks for MTB to grow due to the slow replication
rate whereas Xpert assay provides result within two
hours. Xpert assay result in these seven specimens were

Xpert assay detected seven (29.17%) cases with
rifampicin resistance. Of these one (14.28%) was
previously treated and six (85.71%) were newly
diagnosed cases. Previous studies showed that there is
greater risk of MDR-TB among patients with diabetes,
compared to those without diabetes and diabetes is
associated with three fold higher risk of rifampicin
resistance.11,15,16 The present study was conducted in the
city of Mumbai and previous reports have consistently
shown higher levels of MDR-TB in Mumbai than in other
parts of India.17 Rifampicin resistance reported in other
parts of India ranges from 1%-13% and 12%-40% in new
and previously treated cases respectively.17
The rifampicin resistance rate detected in the present
study is higher than the national average but similar to
Mumbai data. Because of the low number of confirmed
PTB cases in this study, conclusion regarding rifampicin
resistance rate in diabetics compared to general
population cannot be drawn. Considering the significant
number of the specimens showing higher grade in
microscopy and in Xpert assay and the associate
rifampicin resistance, diabetic patients should be
screened for TB whenever they complain of cough more
than a week duration with Xpert assay being the initial
diagnostic test.
Two specimens were Xpert positive and culture negative,
which may be either true positive or false positive.
Considering the closed system of amplification in Xpert
assay, there is minimal chance of cross contamination
resulting in false positive assay. Positive Xpert assay in
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these two specimens may be due to better digestion of
specimen by sample reagent provided in the assay which
release the bacilli. One of these two specimens was
negative by microscopy and had very low bacillary load
by Xpert assay. Culture may be negative because of
harsher decontamination procedure killed very few bacilli
present in the specimen. Use of solid LJ medium instead
of the more superior option liquid culture (MGIT 960)
may be another reason for culture negative results.
To study the probable predisposing factors for
development of clinical PTB infection, information was
collected about duration of DM, regularity of antidiabetic treatment, Fasting Plasma Sugar (FPS) level, and
history of TB in past with details of present illness. With
the advancement of age and duration of DM, there is
gradual increase in blood sugar level, HbA1ϲ and fasting
insulin level which directly correlates with increasing
insulin resistance. In the present study, 41.94% of
detected TB cases had a duration of diabetes ≤2 years.
Regular check-up for early detection of diabetes and
proper control of blood sugar level may control the
physiological changes resulting in TB infection. In some
studies, reported in literature, maximum cases were
detected when diabetes duration >10 years. In the present
study, only 5/31 TB cases had a duration of >10
years.18,19
Hyperglycemia can lead to multiple complications such
as vascular disease, neuropathy and increased
susceptibility to infections including MTB. It has indirect
effects on macrophages and lymphocyte function leading
to diminished ability to contain the organism. 11 It also
affects chemotaxis, phagocytosis, activation and antigen
presentation by phagocytes in response to MTB. 11 BSL
>200 mg/dl can significantly reduce macrophage
respiratory burst and >250 mg/dl impairs white cell
function.20 Chemotaxis of monocytes is also impaired and
this defect does not improve with insulin.21 Thus,
depressed immunological functions in DM might
predispose a patient to infections, the control of which
requires cell mediated immunity, such as tuberculosis.
Thus, increased duration of diabetes leads to increased
hyperglycemia. In the present study, 26/ 187(13.90%) TB
positive cases were detected in patients when FPS >126
mg/dl and 5/55(9.09%) than cases with controlled FPS
<126 mg/dl (Table 2). This finding is statistically not
significant. More studies are required to comment on
effect of hyperglycemia on association with TB as
compared to the duration of DM and controlled diabetes
is not a risk factor for TB.

Another important finding in the present study was that
those who were not taking regular DM treatment had
higher TB positivity (35.7%) as compared to those on
regular treatment (11.4%). The difference was
statistically significant with p value <0.05 (p value is
0.02552) (Table 3). Insulin is the medical treatment for
type 1 DM and Oral Hypoglycemic Agents (OHA) for
type 2 DM. The main function of insulin or OHA is to
utilize glucose or to decrease insulin resistance. Thus,
irregular diabetes treatment causes uncontrolled and
deranged blood sugar levels and poor glycemic control.
In the present study, 14.38% of patients with cough
duration >2 weeks and 10.42% patients with cough
duration ≤2 weeks had PTB (Table 3). The difference is
not statistically significant at p< 0.05 (p value is 0.3663).
Since TB was detected even in patients with a ≤2 weeks
cough, a strong suspicion of tuberculosis in symptomatic
diabetic patients with cough duration even less than two
weeks is important.
In the present study, 137 men (56.61%) and 105 women
(43.39%) were included. Male to female ratio was 1.3: 1.
MTB detection rate was more in men (18.97%) as
compared to women (4.76%). This result was statistically
significant at p value <0.05 (p value is 0.001039). As per
the global prevalence of DM, diabetes is higher in men
than women (215.2 million Men vs. 199.5 million
Women).22 As diabetes mellitus is more common in men
than in women, chances of acquiring TB are higher in
males than in females. Male predominance may be due to
more exposure to risk factors such as smoking, outdoor
activity,
HIV-TB
co-infection
and
airborne
transmissibility of the pathogen. In case of females, there
is under notification due to socioeconomic and cultural
factors which become barriers in accessing health care for
women.23 Being a tertiary care center, there is a possibility
of referral bias while selecting diabetes patients with lower
respiratory tract infections. It is also possible that the use of a
liquid culture system could have improved detection rate.
CONCLUSION
Irregular anti-diabetic treatment, hyperglycemia and history
of tuberculosis were strongly associated with pulmonary TB.
Xpert MTB/RIF assay should be used as the initial
diagnostic test for detection of tuberculosis as well as
rifampicin resistance in diabetic patients by TB control
programme. At the same time, all suspected TB-DM
patients should also undergo TB culture for confirmation.
ACKNOWLEDGEMENTS

Prediabetes and diabetes may affect the risk of latent,
primary and reactivation tuberculosis.21 Reactivation of
TB may occur when a person suffered from TB in the
past develop immunocompromised condition. Such
situation may occur in diabetes cases due to poor
glycemic control. In the present study, TB was detected
in 15.9% of patients with previous history of TB as
against 12.12% without it (Table 3).

City TB Officer (CTO) from Mumbai District
Tuberculosis Control Society provided the consumables
required for Xpert MTB/RIF assay under Revised
National Tuberculosis Control Program (RNTCP).
Funding: No funding sources
Conflict of interest: None declared

International Journal of Research in Medical Sciences | February 2020 | Vol 8 | Issue 2

Page 600

Kale PS et al. Int J Res Med Sci. 2020 Feb;8(2):597-601

Ethical approval: The study was approved by the
Institutional Ethics Committee (IEC-II reference No
EC/194/2014)
13.

REFERENCES
1.

Raviglione M, Sulis G. Tuberculosis 2015: burden,
challenges and strategy for control and elimination.
Infec Dis Report. 2016 Jun 24;8(2).
2. Global tuberculosis report 2017. Geneva: World
Health Organization; 2017. Available at:
http://www.who.int/tb/publications/global_report/M
ainText_13Nov2017.pdf. Accessed 2 August 2017.
3. Cheah JS, Thai AC, Alli R, Chan L, Wang KW,
Yeo PP. Infections in diabetes with special reference
to diabetics in Singapore. Annal Acad Med,
Singapore. 1985 Apr;14(2):240-6.
4. Ljubic S, Balachandran A, Pavlic-Renar I, Barada
A, Metelko Z. Pulmonary infections in diabetes
mellitus. Diabetol Croatica. 2004; 33(4):115-24.
5. Kanabus, Annabel. Information about Tuberculosis,
GHE,
2017,
Available
at:
https://www.tbfacts.org/tb-hiv/
Co-infection,
statistics, diagnosis, treatment. Accessed 17 January
2020.
6. Jali MV, Mahishale VK, Hiremath MB. Bidirectional
screening of tuberculosis patients for diabetes mellitus
and diabetes patients for tuberculosis. Diabe Metab J.
2013 Aug 1;37(4):291-5.
7. Harries AD, Billo N, Kapur A. Links between
diabetes mellitus and tuberculosis: should we
integrate screening and care?. Trans Royal Soci
Trop Med Hygiene. 2009 Jan 1;103(1):1-2.
8. World Health Organization. Tuberculosis and
diabetes. The dual epidemic of TB and Diabetes.
Geneva: World Health Organization; 2016
Available
at:
http://www.who.int/tb/publications/diabetes_tb.pdf.
Accessed 03 Jan 2017.
9. Cepheid-Xpert MTB /RIF training manual.
Available
at:
https://www.cepheid.com/en/component/phocadown
load/category/2-healthcare impact?download=58:
xpert-mtbrif-brochure-eu-0089-02-lor. Accessed 10
December 2019.
10. Global Tuberculosis Programme, World Health
Organization Laboratory services in tuberculosis
control Part III Culture; WHO/TB/98.258 1998.
Available
at:
https://apps.who.int/iris/bitstream/handle/10665/659
42/WHO_TB_98.258_(part1).pdf;jsessionid=0342D
DAD286CAC67707F00E8AD38FBD4?sequence=.
Accessed 10 December 2019.
11. Dooley KE, Chaisson RE. Tuberculosis and diabetes
mellitus: convergence of two epidemics. Lancet
Infec Dis. 2009 Dec 1;9(12):737-46.
12. Almeida-Junior JL, Gil-Santana L, Oliveira CA,
Castro S, Cafezeiro AS, Daltro C, et al. Glucose

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

metabolism disorder is associated with pulmonary
tuberculosis in individuals with respiratory
symptoms from Brazil. PloS One. 2016 Apr
14;11(4):e0153590.
Nair A, Guleria R, Kandasamy D, Sharma R,
Tandon N, Singh UB, et al. Prevalence of
pulmonary tuberculosis in young adult patients with
Type 1 diabetes mellitus in India. Multidisci Resp
Med. 2016 Dec;11(1):22.
Qayyum AQ, Shafiq M, Farogh A. Prevalence of
pulmonary
tuberculosis
among
diabetics.
Biomedica. 2004;20(02):73-8.
Mehta S, Yu EA, Ahamed SF, Bonam W, Kenneth
J. Rifampin resistance and diabetes mellitus in a
cross-sectional study of adult patients in rural South
India. BMC Infec Dis. 2015 Dec;15(1):451.
Bashar M, Alcabes P, Rom WN, Condos R.
Increased
incidence
of
multidrug-resistant
tuberculosis in diabetic patients on the Bellevue
Chest Service, 1987 to 1997. Chest. 2001 Nov
1;120(5):1514-9.
Mistry N, Tolani M, Osrin D. Drug-resistant
tuberculosis in Mumbai, India: An agenda for
operations research. Operat Res Health Care. 2012
Jun 1;1(2-3):45-53.
Amare H, Gelaw A, Anagaw B, Gelaw B. Smear
positive pulmonary tuberculosis among diabetic
patients at the Dessie referral hospital, Northeast
Ethiopia. Infec Dis Poverty. 2013 Mar;2(1):6.
Ullah H, Iqbal Z, Ullah Z, Mahboob A, ur Rehman
M. Frequency of pulmonary tuberculosis in patients
presenting with diabetes. PJCM. 2015 Jun 7; 15(4).
Webb EA, Hesseling AC, Schaaf HS, Gie RP,
Lombard CJ, Spitaels A, et al. High prevalence of
Mycobacterium tuberculosis infection and disease in
children and adolescents with type 1 diabetes
mellitus. Inter J Tubercul Lung Dis. 2009 Jul
1;13(7):868-74.
Faurholt-Jepsen D. The role of diabetes for
tuberculosis
risk,
manifestations,
treatment
outcomes and survival. Depart Human Nutrit, Uni
Copenhagen; 2012.
Firănescu AG, Popa A, Sandu MM, Protasiewicz
DC, Popa SG, Moţa M. The global prevalence and
incidence of diabetes mellitus and pulmonary
tuberculosis. Roman J Diabe Nutrit Metab Dis. 2016
Sep 1;23(3):319-26.
Neyrolles O, Quintana-Murci L. Sexual inequality
in tuberculosis. PLoS Med. 2009 Dec
22;6(12):e1000199.

Cite this article as: Kale PS, Kanade SR, Nataraj G,
Mehta PR. Prevalence of pulmonary tuberculosis in
patients with diabetes mellitus and lower respiratory
tract infection. Int J Res Med Sci 2020;8:597-601.

International Journal of Research in Medical Sciences | February 2020 | Vol 8 | Issue 2

Page 601

