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Abstract:

Background: Tuberculosis (TB) remains a significant global health issue, with India bearing a substantial disease
burden. The co-existence of Diabetes Mellitus (DM) further complicates TB outcomes due to compromised
immunity.

Aim: To evaluate the clinical outcomes and demographic profiles of patients with TB-DM comorbidity in a
regional setting in Bihar, India.

Methodology: This hospital-based cross-sectional observational study was conducted at Sri Krishna Medical
College and Hospital (SKMCH), Muzaffarpur, Bihar, from November 2017 to October 2018. A total of 90 newly
diagnosed TB patients aged over 18 years, including 50 with diabetes and 40 without, were enrolled. Baseline
data were collected, and patients were followed through the intensive and continuation phases of anti-TB treatment
under ‘the Revised National Tuberculosis Control Programme (RNTCP). Statistical analysis was performed using
SPSS v27.0.

Results: Diabetic TB patients were predominantly male and over 50 years of age. They also exhibited higher
fasting, postprandial, and random blood sugar levels, and longer smoking duration (p<0.05). Pulmonary TB was
more common among diabetics (98% vs. 67.5%). Common symptoms included cough (78.7%) and fever (56%).
TB-DM patients had higher cure rates (63.63%) but also higher mortality (66.6%) compared to non-diabetics.
Conclusion: TB-DM comorbidity presents unique clinical challenges with older age, higher risk behaviors, and
elevated mortality. Integration of diabetes screening and management into TB care, especially in high-burden
regions like Bihar, is crucial for improving outcomes.
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Introduction

Tuberculosis (TB) is a contagious infection that is
still a worldwide public health problem, especially
affecting populations in developing and low-income
nations [1]. Among these nations, India has been
found to have the highest burden, with 2.3 million
reported cases every year. In spite of many public
health programs and developments in TB control,
the condition continues to pose a serious issue. Such
a problem is further heightened when TB occurs
along with non-communicable disorders like
Diabetes Mellitus (DM), a metabolic condition that
degrades  immunity [2]. Patients having
compromised immunity, such as those of DM, are
more prone to contracting TB infection and its
complications [3]. The combined burden of TB and
DM is especially significant in low- and middle-
income nations, Southeast Asia being a hotspot;
around 95% of TB patients and 70% of DM patients
are found in these nations [4].
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The worldwide explosion of cases of diabetes
creates a further challenge to combating TB. The TB
capital of the world, India, has almost a quarter of
the burden of TB worldwide. The comorbidity of TB
and DM results in more complex illness patterns.
Patients have compromised responses to treatment,
increased relapse rates, and higher mortality when
both are diagnosed. Recent evidence appears to
indicate not only that DM worsens TB, but also that
DM acts as an independent risk factor both for initial
infection with TB and reactivation of latent TB [5].
Projections from epidemiology forecast that by
2030, there would be an estimated 438 million cases
of DM worldwide, of which over 80 percent would
arise in newly industrialized or developing countries
[6]. It is possible that this trend has further potential
to complicate controlling TB programs and
escalating the disease burden in areas already
experiencing high rates of TB incidence.
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Screening for DM integrated into TB care can
facilitate early detection and early management of
diabetes, which is important to enhance TB cure
rates [7]. Prior cross-sectional studies have
investigated factors determining the outcomes of
patients having comorbid TB and DM [8]. These
studies are subject to a lack of longitudinal data and
a lack of establishment of causal relationships. The
present study has been envisaged as a prospective
study aimed at determining factors of a clinical,
demographic, and therapeutic nature that determine
outcomes in patients having both TB and DM. Such
a design not only facilitates monitoring of change
over time but also allows a true assessment of the
interplay between these two conditions. The results
will provide important evidence to inform
integration of DM management into TB control
programs, especially in the context of RNTCP.

The present study, Evaluation of Clinical Outcomes
in Tuberculosis-Diabetes Comorbid Cases: A
Regional Study from Bihar, was conducted in a
region that has a high burden of disease but fewer
healthcare resources. One of India's strongly
populated but medically underserved states, Bihar,
provides a key setting in which to observe both the
double burden of TB and DM. The aims of this study
are to produce data pertinent to a region that can help
guide clinical practice as well as public health
policy, resulting in better patient outcomes, as well
as more effective TB control programs where there
are overlapping TB and DM burdens.

Methodology

Study Design: This study was designed as a hospi-
tal-based cross-sectional observational study con-
ducted in the Department of Community Medicine,
Sri  Krishna Medical College and Hospital
(SKMCH), Muzaftarpur, Bihar, India.

Study Duration: The study was conducted over a
period spanning from November 2017 to October
2018.

Inclusion and Exclusion Criteria
Inclusion Criteria:

e  All newly registered TB patients microbiologi-
cally confirmed through sputum smear.

e Newly diagnosed or previously known diabetic
mellitus (DM) patients with no prior TB history.

e Patients aged above 18 years.

e Diabetes diagnosed by RBS > 200 mg/dL, FBS
> 126 mg/dL, or PPBS > 200 mg/dL.

Exclusion Criteria:

e Patients who were seriously ill or HIV positive.

e Patients with chronic kidney  disease or on TB
retreatment.

e  Pediatric TB cases and pregnant women.

e  Multidrug-resistant TB patients.
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e Patients referred to TB units other than the
study center.

Procedure

Eligible participants were enrolled after obtaining
written informed consent and prior to the initiation
of anti-tuberculosis (TB) treatment. Initial data
collection was carried out using a semi-structured
proforma, designed to systematically capture a range
of information including socio-demographic
characteristics (age, gender, occupation, educational
status, and socioeconomic background), medical
history of any chronic illnesses (such as diabetes
mellitus and hypertension), personal history related
to smoking and alcohol use, and previous history of
TB infection and treatment, if any. Diabetes status
was specifically assessed by evaluating past medical
records and conducting blood investigations as per
standard diagnostic criteria.

Following enrollment, all participants underwent a
thorough physical examination focusing on general
health parameters such as body mass index (BMI),
respiratory ~examination, and assessment of
comorbid conditions. Baseline investigations were
performed, including fasting blood sugar (FBS),
postprandial blood sugar (PPBS), and where
necessary, random  blood sugar (RBS)
measurements. Sputum samples were collected for
bacteriological ~ confirmation through smear
microscopy.

Participants were then initiated on Category-I anti-
TB treatment as per the guidelines under the Revised
National  Tuberculosis  Control ~ Programme
(RNTCP). The patients were followed up regularly
during their course of treatment, with weekly visits
scheduled during the intensive phase (the first two
months) to monitor adherence, adverse events, and
clinical improvement. After the intensive phase,
patients entered the continuation phase, where
monthly follow-up visits were conducted until
treatment completion, typically lasting four months.
During these visits, clinical assessment, sputum
examinations (where indicated), and blood sugar
monitoring were performed.

Throughout the six-month follow-up period, efforts
were made to ensure patient retention through
telephonic reminders and counseling during visits.
Patients who missed appointments were actively
contacted to minimize default and loss to follow-up
rates.

The ‘treatment outcomes were evaluated and
classified based on RNTCP standards:

e Cured: A bacteriologically confirmed TB
patient who was smear or culture negative in the
last month of treatment and on at least one
previous occasion during the treatment course.
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e Treatment completed: A patient who
completed treatment without evidence of
treatment failure, but whose final sputum smear
or culture results were unavailable, provided
they had tested negative at least once previously
during treatment.

e Treatment failure: Defined as a patient
remaining sputum or culture positive at the fifth
month of treatment or later.

e Default: Patients who interrupted anti-TB
treatment for two or more consecutive months
after having received treatment for at least one
month.

e Loss to follow-up: Patients who either did not
initiate  treatment  after  diagnosis  or
discontinued therapy for two or more
consecutive months.

Statistical Analysis: Data analysis was performed
using Statistical Package for Social Science (SPSS)
version 27.0. The findings of patients with TB and
DM were compared to those with TB without DM.
Categorical variables were presented as counts (pro-
portions), and the Chi square test was used to com-
pare these variables. A p-value.
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Table 1 shows demographic characteristics of
tuberculosis patients by diabetes status. Of the 50
individuals with diabetes, most were older than 50
years (62.0%) and 84.0% were male. The 40 non-
diabetic patients were mostly younger than 50 years
(67.5%) and 62.5% were male. Educationally,
62.0% of diabetics were literate, whereas 70.0% of
non-diabetic individuals were literate.
Socioeconomic-wise, more diabetics were of middle
(58.0%) or upper (26.0%) status, whereas non-
diabetic individuals were mostly lower socio-
economic status (47.5%) subjects. Diabetic
individuals were more likely to have a history of
diabetes in the family (24.0%), but most non-
diabetic individuals have no such history (95.0%).
Tobacco usage and alcohol intake were higher
among diabetic’s patients (48.0% and 60.0%,
respectively), whereas fewer smokers (12.5%) and
alcohol users (47.5%) were found in non-diabetic
individuals. Pulmonary  tuberculosis  was
predominant in both categories, but more so among
diabetics (98.0%). Tuberculosis smear positivity
was likewise seen among both categories, albeit at
similar levels, i.e., 82.0% among diabetics and
85.0% among non-diabetic patients.

Result
Table 1. Characteristics of tuberculosis patients by diabetes status

Variables With diabetes n=50 (%) Without diabetes n=40 (%)
Age group (years)
<50 19 (38.0) 27 (67.5)
>50 31 (62.0) 13 (32.5)
Gender
Male 42 (84.0) 25 (62.5)
Female 8 (16.0) 15 (37.5)
Education status
Illiterate 19 (38.0) 12 (30.0)
Literate 31 (62.0) 28 (70.0)
Socio-economic status
Lower 8 (16.0) 19 (47.5)
Middle 29 (58.0) 13 (32.9)
Upper 13 (26.0) 8 (20.0)
Family history of DM
Present 12 (24.0) 2(5.0)
Absent 38 (76.0) 38 (95.0)
Smoking status
Present 24 (48.0) 5(2.5)
Absent 26 (52.0) 35 (87.5)
Alcohol status
Present 30 (60.0) 19 (47.5)
Absent 20 (40.0) 21 (52.5)
Site of TB
Pulmonary TB 49 (98.0) 27 (67.5)
Extra pulmonary TB 1(2.0) 13 (32.9)
Smear status
Positive 41 (82.0) 34 (85.0)
Negative 9 (18.0) 6 (15.0)
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Table 2 gives descriptive statistics across different
variables between Diabetics with Tuberculosis (TB)
and those who have TB but without diabetes. Dia-
betics with TB were significantly older, having a
mean age of 50.2 + 10.0 years, as opposed to 39.1 +
12.3 years in TB without diabetes, with a p-value of
0.0001. No significant difference was noted between
both groups in regard to weight where p = 0.365 was
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found. Fasting blood sugar, post-prandial blood
sugar, as well as random blood sugar, was higher in
diabetics with TB, with p-values of 0.001 in both in-
stances. The smoking duration was also longer in di-
abetics with TB at 7.1 + 6.3 years as opposed to 3.4
+ 1.7 years in TB only, where p = 0.04 was found.
No significant difference was seen between both
groups in alcohol intake where p = 0.56 was found.

Table 2. Descriptive statistics of study variables (N=90)

Name of the Variable Diabetics with TB | TB without Diabetes | p-value
(n=50) Mean+SD (n=40) Mean+SD

Age (years) 50.2+£10.0 39.1+12.3 0.0001
Weight (kg) 51.0+14.2 53.7+10.1 0.365
Fasting blood sugar 154.1+9.8 99.6+10.5 0.001
Post prandial blood sugar 2354+14.0 161.7+13.1 0.001
Random blood sugar 245.3+£79.0 1722+89 0.001
Duration of smoking (years) 7.1+£6.3 34+£1.7 0.04
Duration of alcohol (years) 5.5+12.0 4.6+29 0.56

Table 3 depicts signs and symptoms of tuberculosis
seen in 90 study subjects. The most frequent symp-
tom was cough accompanied by an expectoration,
seen in 78.7% of subjects, being followed by weight
loss (54.7%) and temperature rise in the evening
(56%). 42.7% of subjects reported anorexia, while

28% reported dyspnea. Chest pain was seen in
18.7%, and haemoptysis in 10.7%. These results in-
dicate the frequency of respiratory symptoms such
as cough, and systemic symptoms such as weight
loss, and fever in tuberculosis subjects.

Table 3. Signs and symptoms of tuberculosis in the study participants (n=90)

Signs and symptoms n (%)

Cough with expectoration 71 (78.7%)
Weight loss 49 (54.7%)
Evening rise in temperature 50 (56%)
Anorexia 39 (42.7%)
Dyspnea 25 (28%)

Chest pain 17 (18.7%)
Haemoptysis 10 (10.7%)

Table 4 illustrates TB treatment results among 90
subjects, segregated by those having diabetes and
those having no comorbidity of diabetes. Among
those having TB along with diabetes, 63.63% were
cured, 46.6% were treated, 30% were lost to follow-
up, and 66.6% died. Among subjects without diabe-
tes, 36.37% were cured, 53.5% were treated, 70%

were lost to follow-up, and 33.4% died. The overall
proportion of subjects having TB along with diabe-
tes was 56%, while 44% were having TB without
having diabetes. Based on data, a greater proportion
of subjects having TB along with diabetes were
cured but, interestingly, had a higher rate of mortal-
ity than subjects without diabetes.

Table 4. Treatment outcome of tuberculosis in the study participants (n=90)
Outcome TB with diabetes n | TB without diabetes n | Total N (%)
(%) (%)

Cured 34 (63.63%) 20 (36.37%) 54 (100%)
Treatment completed 8 (46.6%) 9 (53.5%) 17 (100%)
Lost to follow-up 4 (30.0%) 9 (70.0%) 13 (100%)
Died 5 (66.6%) 3 (33.4%) 8 (100%)
Total 51 (56%) 39 (44%) 90 (100%)

Discussion

The findings from this study underscore several
important insights into the demographic, clinical,
and treatment outcomes of tuberculosis (TB)
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patients with and without diabetes. As highlighted in
Table 1, demographic differences were notable
between the two groups. Diabetic patients were
predominantly older (62.0% were above 50 years)
and more likely to be male (84.0%) than their non-
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diabetic counterparts, who were largely younger
than 50 years (67.5%) and had a lower proportion of
males (62.5%). This is consistent with the fact that
diabetes often occurs at older ages and has a higher
prevalence among males. Additionally, educational
and socioeconomic disparities were observed.
Diabetic patients had a slightly higher literacy rate
(62.0%) compared to non-diabetic patients (70.0%),
though both groups exhibited significant variation in
socioeconomic status, with more diabetics in the
middle and upper classes. DM has a negative
impact on TB treatment outcome by prolonging time
to microbiological response, decreasing chances of
favorable outcome, and augmenting chances of
relapse, death, and drug resistance (Baker et al.,
2011) [9]. The same was noted in a study conducted
in Indonesia (Alisjahbana et al., 2007) [10]. But in
this present study, a good treatment outcome has
been seen, which illustrates effective performance of
TB control program, active adherence of patients to
TB drugs, and reflects regular follow-up,
counseling, and health education were conducted by
healthcare workers among cases during TB
treatment. Therefore, the regular TB treatment
regimen can be adopted in treating TB patients
having TBDM comorbidity.

The health behaviors of the two groups also differed.
Diabetic patients were more likely to have a family
history of diabetes (24.0%) compared to 5.0% in the
non-diabetic  group, suggesting a potential
hereditary link between diabetes and TB
susceptibility. Furthermore, tobacco and alcohol use
were higher among diabetics, with 48.0% of diabetic
patients being smokers and 60.0% consuming
alcohol, compared to lower rates among the non-
diabetic group (12.5% and 47.5%, respectively).
These findings align with the known association
between smoking, alcohol consumption, and an
increased risk of developing TB, particularly in
individuals with pre-existing conditions like
diabetes.

In terms of TB characteristics, both groups showed
a predominance of pulmonary TB, though it was
more common among diabetics (98.0%). The smear
positivity rates were similar between the two groups,
with 82.0% in diabetics and 85.0% in non-diabetics.
This suggests that the presence of diabetes does not
significantly affect the likelihood of smear-positive
TB, although further studies may be needed to
explore the nuances of diagnostic outcomes in
diabetic individuals.

The analysis in Table 2 further reveals that diabetic
patients with TB were significantly older and had
higher blood sugar levels (both fasting and post-
prandial) compared to non-diabetic TB patients.
This is expected, as uncontrolled blood sugar is a
hallmark of diabetes, and elevated glucose levels
may contribute to an increased susceptibility to
infections like TB. The significant difference in
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smoking duration (7.1 # 6.3 years in diabetics vs. 3.4
+ 1.7 years in non-diabetics) further supports the
idea that lifestyle factors, such as smoking, could
exacerbate the progression of TB in diabetic
individuals. In this present study, mental symptoms
improvement was found to be statistically
significant on follow-up visits as well as on
completion of treatment. A study published in
Indonesia found that TB comorbidity with DM
manifested a significant impact on general health,
pain, physical functioning, physical health limitation
at work, and emotional problems (P <0.05) (Juliasih
et al.,, 2022) [11]. An individual having TB will
experience more of its symptoms like cough and
sweats during nights so it would impact his/her
comfort during daily activities or sleep (Sharfuddin
et al., 2016) [12]. Having comorbidities among TB
patients having more symptoms and pain, along with
TB, would influence their QoL. Decrease in physical
condition and increase in chronic symptom numbers
have a strong correlation with mental stress, having
an influence on QoL (Peltzer, K. 2018) [13].

The signs and symptoms of TB, as shown in Table
3, reveal that respiratory symptoms such as cough
with expectoration (78.7%) and systemic symptoms
like weight loss (54.7%) and evening fever (56%)
were the most common across all patients. These
symptoms are typical of TB and indicate the severity
and chronic nature of the infection in both diabetic
and non-diabetic individuals.

Treatment outcomes, as seen from Table 4, reveal
significant insight into the prognosis of diabetes
patients with TB versus those who do not have
diabetes. Interestingly, while a higher proportion of
diabetics were cured (63.63% vs. 36.37% among
non-diabetics), a higher death rate was seen among
diabetics than among non-diabetes patients (66.6%
vs. 33.4%). The paradox may be explained by
increased complexity in managing TB among
diabetics, who are prone to complications secondary
to but also exacerbated by their underlying
condition. The high death rate among diabetics
might also be secondary to comorbidities,
complications resulting from inadequate glycemic
control, or late diagnosis and treatment initiation. In
our present study, more than a third of cases were
underweight when compared to overweight and
obese at diagnosis of TB, but nutritional
improvement was seen in cases of later visitations as
well as at successful completion of treatment.
Similarly, in a similar study in Pande et al., 2018,
more cases were found to be underweight (22.5%)
and normal (35.2%) than were overweight (9.2%)
and obese (2.8%) at time of diagnosis of TB [14].

Conclusion

The current study emphasizes the profound
influence of diabetes mellitus (DM) on TB patient
clinical profile and treatment outcomes. Diabetic TB

International Journal of Pharmaceutical Quality Assurance

593



International Journal of Pharmaceutical Quality Assurance

patients were older, mostly male, and belonged more
commonly to higher socioeconomic categories.
They also had higher rates of tobacco and alcohol
consumption and a higher rate of pulmonary TB.
Although rates of smear positivity were similar in
both groups, diabetics had higher blood sugar levels
and longer smoking histories. Common clinical
symptoms of TB such as cough, fever, and weight
loss were present in both groups but treatment
differences were seen. There was a greater
proportion of diabetics cured, but also higher
mortality rates were seen in diabetics as compared
to non-diabetics. These observations indicate that
although integrated care can enhance cure rates,
diabetes complicates prognosis and adherence to
treatment to a significant extent. Early diagnosis and
management of diabetes in TB patients, hence
essential in enhancing overall TB control activities,
more so in resource-poor settings such as Bihar.

References

1. Silva S, Arinaminpathy N, Atun R, Goosby E,
Reid M. Economic impact of tuberculosis mor-
tality in 120 countries and the cost of not
achieving the Sustainable Development Goals
tuberculosis targets: a full-income analysis. The
Lancet Global Health. 2021 Oct 1;9(10):e1372-
9.

2. Sembiah S, Nagar V, Gour D, Pal DK, Mitra A,
Burman J. Diabetes in tuberculosis patients: an
emerging public health concern and the deter-
minants and impact on treatment outcome.
Journal of family and community medicine.
2020 May 1;27(2):91-6.

3. Ranganath TS, Shivaraj BM. A study on tuber-
culosis treatment outcome in known diabetic
patients treated under Revised National Tuber-
culosis Control Program in Bengaluru. Interna-
tional Journal of Medicine & Public Health.
2015 Jan 1;5(1).

4. Nagar V, Gour D, Pal DK, Singh AR, Joshi A,
Dave L. A study on prevalence of diabetes and
associated risk factors among diagnosed tuber-
culosis patients registered under Revised Na-
tional Tuberculosis Control Programme in Bho-
pal District. Journal of Family Medicine and
Primary Care. 2018 Jan 1;7(1):130-6.

5. PARAMESHWARI P, JENNIFER H, DURAI
L. Treatment Outcome of Tuberculosis in Pa-
tients with Diabetes under RNTCP in a Tertiary
Care Centre, Chengalpattu, India: A

Kumar et al.

10.

11.

12.

13.

14.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

Prospective Cohort Study. Journal of Clinical &
Diagnostic Research. 2023 Sep 1;17(9).

World Health Organization. Global tuberculo-
sis control: epidemiology, strategy, financing:
WHO report 2009. World Health Organization;
20009.

Lonnroth K, Raviglione M. Global epidemiol-
ogy of tuberculosis: prospects for control. In-
Seminars in respiratory and critical care Medi-
cine 2008 Oct (Vol. 29, No. 05, pp. 481-491).
© Thieme Medical Publishers.

Rajaa S, Krishnamoorthy Y, Knudsen S, Roy G,
Ellner J, Horsburgh CR, Hochberg NS, Sal-
game P, Babu SP, Sarkar S. Prevalence and fac-
tors associated with diabetes mellitus among tu-
berculosis patients in South India—a cross-sec-
tional analytical study. BMJ open. 2021 Oct
1;11(10):e050542.

Baker MA, Harries AD, Jeon CY, Hart JE, Ka-
pur A, Lonnroth K, Ottmani SE, Goonesekera
SD, Murray MB. The impact of diabetes on tu-
berculosis treatment outcomes: a systematic re-
view. BMC medicine. 2011 Dec;9:1-5.
Alisjahbana B, Sahiratmadja E, Nelwan EJ,
Purwa AM, Ahmad Y, Ottenhoff TH, Nelwan
RH, Parwati I, Meer JW, Crevel RV. The effect
of type 2 diabetes mellitus on the presentation
and treatment response of pulmonary tubercu-
losis. Clinical infectious diseases. 2007 Aug
15;45(4):428-35.

Juliasih NN, Mertaniasih NM, Hadi C, Soedar-
sono, Sari RM, Alfian IN. Factors affecting tu-
berculosis patients’ quality of life in Surabaya,
Indonesia. Journal of Multidisciplinary
Healthcare. 2020 Nov 4:1475-80.

Shariefuddin WW, Sari SY, Pandji TD. Com-
parison of life quality between diabetic and di-
abetic with tuberculosis patients. Althea Medi-
cal Journal. 2016 Sep 30;3(3):440-5.

Peltzer K. Tuberculosis non-communicable dis-
ease comorbidity and multimorbidity in public
primary care patients in South Africa. African
Journal of Primary Health Care and Family
Medicine. 2018 May 3;10(1):1-6.

Pande T, Huddart S, Xavier W, Kulavalli S,
Chen T, Pai M, Saravu K. Prevalence of diabe-
tes mellitus amongst hospitalized tuberculosis
patients at an Indian tertiary care center: a de-
scriptive analysis. PloS one. 2018 Jul
18;13(7):¢0200838.

International Journal of Pharmaceutical Quality Assurance

594



