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ABSTRACT

Background: Pulmonary tuberculosis (PTB) and
diabetes mellitus (DM) represent two major global
health burdens. The bidirectional relationship
between these conditions affects disease
progression, radiological patterns, and treatment
outcomes.

Objectives: To compare the clinico-radiological
profile and sputum conversion rates of diabetic and
non-diabetic PTB patients in a tertiary care hospital
in Central India.

Methods: A prospective , observational study was
conducted over one year at MGM Medical College
and associated hospitals in Indore, Madhya
Pradesh. A total of 140 microbiologically
confirmed PTB patients (70 with DM and 70
without DM) were assessed for clinical features,
radiological findings, glycemic parameters, and 3-
month follow-up outcomes.

Results: Diabetic PTB patients had significantly
longer symptom duration (>2 months: 67% vs
41%; p=0.0039), more extensive radiological
involvement (4-quadrant X-ray: 30% vs 20%), and
higher rates of cavitation and nodular infiltrates
(p=0.039). Sputum conversion at 3 months and
overall treatment outcomes were comparable, but
all MDR-TB cases (n=4) occurred in diabetic
patients.

Conclusion: Diabetes significantly alters the
clinical and radiological presentation of PTB,
suggesting the need

for integrated management strategies and early bi-
directional screening.

l. INTRODUCTION
Tuberculosis (TB) and diabetes mellitus
(DM) are two globally prevalent conditions with
significant public health implications. The WHO
Global TB Report 2023 highlights that TB
continues to be one of the top causes of mortality
among infectious diseases (1). India remains one of

the highest TB burden countries. Concurrently,
India also has one of the largest diabetic
populations (2,3). Diabetes impairs immunity,
thereby increasing the risk of developing TB and
complicating its course (4,5). This study aims to
investigate the clinical, radiological, and treatment
outcome differences between diabetic and non-
diabetic PTB patients at a tertiary care hospital in
Central India.

GLOBAL PERSPECTIVE

According to a study by Jeon et al., nearly
15-20% of TB cases globally are associated with
DM (6). A systematic review by Workneh MH et
al. reported that the prevalence of DM among TB
patients varies widely, ranging from 1.9% to 45%,
with a median global prevalence of 16% (7).

Recognizing the dual burden of TB and
DM, the World Health Organization (WHO)
recommends use of a collaborative framework for
integrated management, including bi-directional
screening and coordinated care. In 2025, WHO
released an operational handbook detailing
strategies for the prevention, management, and care
of individuals with TB and diabetes (8).

INDIAN PERSPECTIVE

According to the WHO Global TB Report
(2021), India recorded 188 cases per 100,000
population, with a high burden of co-existing
diabetes (1,8). Studies indicate that the prevalence
of diabetes among TB patients in India ranges from
15.8% to 44%, depending on the region and study
population. For instance, a study in Kerala by
Balakrishnan et al. screened 552 TB patients, out of
which 243 (44%) were diabetic (9). Another study
in Karnataka by Viswanathan et al. showed 25.3%
prevalence of diabetes in TB patients (10).
Conversely, individuals with diabetes have a higher
risk of developing TB compared to those without
diabetes (11,12).
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MECHANISMS IN DIABETES  THAT
PREDISPOSES TOWARDS DEVELOPMENT
OF TUBERCULOSIS INFECTION

1. IMPAIRED IMMUNE RESPONSE: Diabetes
increases the risk of TB by 2-3 times due to
immunological dysfunctions such as impaired
macrophage activity, defective cytokine responses,
and altered granuloma  formation  (13).
Macrophages, which are crucial for engulfing and
destroying Mycobacterium tuberculosis, show
reduced activity in diabetics, allowing the bacteria
to survive and multiply.Diminished T-Cell
Immunity: Diabetes reduces the effectiveness of T-
cells, especially CD4+ and CD8+ cells, which are
essential for controlling TB infection.Altered
Cytokine Production: Diabetic individuals show
reduced levels of proinflammatory cytokines like
interferon-gamma (IFN-y) and tumor necrosis
factor-alpha (TNF-a), which are key in fighting
TB.

2.  HYPERGLYCEMIA AND IMMUNE
DYSFUNCTION: High blood sugar levels impair
neutrophil function, reducing the body's ability to
kill TB bacteria. Increased Advanced Glycation
End Products (AGES) lead to chronic inflammation
and impaired immune responses.Hyperglycemia
also causes dysfunctional autophagy, a process by
which cells remove infected components, allowing
TB bacteria to persist.(13)

3. PULMONARY CHANGES AND TB
SUSCEPTIBILITY: Diabetes can lead to
pulmonary microangiopathy, reducing oxygen
supply and making lung tissues more vulnerable to
infections.Increased Lung Cavitation: TB in
diabetic individuals often presents with more
extensive lung cavitation, increasing bacterial load
and transmission.Delayed Sputum Conversion:
Diabetic TB patients take longer to clear bacteria
from their sputum, increasing disease severity and
the risk of drug resistance.(13)

4. ALTERED METABOLISM FAVORS TB
GROWTH: Mycobacterium tuberculosis thrives in
environments with high glucose levels, and diabetic
conditions provide a favorable metabolic state for
bacterial survival.Diabetes-induced dyslipidemia
alters lipid metabolism, which may further support
persistence in macrophages.(13)

5. INCREASED RISK OF LATENT TB
REACTIVATION: Diabetes triples the risk of
latent TB infection (LTBI) progressing to active
disease.Individuals with poor glycemic control are
at an even higher risk of TB activation.(13)

1. MATERIALS AND METHODS

A single centre prospective study was
conducted at Indore, Madhya Pradesh. A total of
140 subjects (70 PTB with diabetes, 70 non-
diabetic PTB) were taken up from Maharaja
Yeshwantrao Hospital and its associated hospitals.
Both in-patient and outpatient study subjects were
enrolled after approval from institutional ethics
committee from October 2023 till October 2024.
Inclusion and exclusion criteria were applied to the
patients, and cases were selected provided they
fulfilled those criteria. Detailed history and
examination was performed in these patients and
relevant investigations were done and the data was
collected. The data was entered into master sheet
and analyzed using various tables and graphs.
Statistical analysis was done using SPSS with Chi-
square and Fisher’s exact test; a p-value <0.05 was
considered statistically significant. Patients were
followed up at the end of 3 months to assess and
document sputum conversion.

Inclusion Criteria were microbiologically

confirmed pulmonary tuberculosis patients above
18 years of age, microbiologically confirmed
pulmonary tuberculosis patients diagnosed having
diabetes according to American diabetes
association criteria, age >18 years and patients
willing to give written informed consent.
All forms of extrapulmonary TB patients, Patients
not willing to give written consent and Patients
below 18 years of age were excluded from the
study.

FUNDING : None
SPONSORSHIP : None
CONFLICT OF INTEREST : None

1. RESULTS AND DISCUSSION

A total of 140 PTB patients were included,
70 in each group.There are not many studies on the
topic in central region of India, also the
implementation of active screening for diabetes in
PTB patients and collaborative management of
both pathologies simultaneously is still picking up
the pace. Hence, this study was able to throw light
on the topic and shortcomings faced during TB
treatment at ground level.
Diabetic PTB patients were predominantly older
(mean age >55 years). Patients were analysed by
dividing them in four age groups, in the elderly
group ( > 76 year) 100% of PTB cases were in
Diabetics, with 0% in non-diabetics. This suggests
that diabetes is a significant risk factor for PTB in
the elderly. In the older adults( 56-75 years) and
middle age ( 36-55 years) the percentage of
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subjects with diabetes was higher ( 68.18% and
59.26% respectively). In Young Adults (18-35
years) 32.79% of PTB cases had Diabetes, while
67.21% were non-diabetic this ndicates that PTB is
more common in non-diabetics in this group. A
study by Rawat and Sindhwani demonstrated that
more PTB patients in the age group of 53.4 £18
years are likely to have diabetes than in younger
age groups, which is similar to the findings seen in
our study. (14)

There is a higher proportion of males in both
diabetic and non-diabetic PTB groups (total no of
males= 64.28%, no.of females=35.71%). This
result is similar to a study done in 2017 by Anil
Agarwal and another previous study done by
Vishwanathan et al. (10,15) The higher number of
male subjects could be related to other risk factors
such as smoking and alcohol abuse and the fact that
a greater number of cases are likely to be reported
in men as compared to women.

Diabetic patients presented with longer
duration of symptoms (>2 months in 67% vs 41%,
p=0.0039).According to our observations diabetic
subjects are more likely to have an indolent course
of disease lasting on an average of 3 months and
are more likely to delay seeking treatment due to
less serious nature of their symptoms (example:
fatigue, low grade fever, cough)and also because
they could believe that the cause of their
nonspecific symptoms could be related to their
diabetic status.Many previous studies like those
conducted by Alisjahabana B quote that no
significant differences exist in the duration of
symptoms and clinical presentation between the
two groups. (16)While very few studies like the
one by Suleiman et al mention that duration of
symptoms is longer in nondiabetic patients.(17)

In our study, we found that 30% of
diabetic PTB patients had a history of previous
PTB while 35.71% of non-diabetic PTB patients
had a history of previous PTB (25 out of 70
cases).Non-diabetic patients had a slightly higher
percentage of previous PTB cases. This difference
is not statistically significant. This correlates with
the previous study of Magee et al. in which they
found that TB recurrence rates in diabetics were not
significantly higher than in nondiabetics when
adherence was maintained, similar to the findings
in this study. (18)

Tuberculosis in itself can lead to
requirement for hospitalization due to various
reasons some common ones being shortness of
breath and respiratory failure,pneumothorax,
effusions and other pleura related complications,
hemoptysis, severe malnutrition, poor oral intake,
dehydration, high grade fever,secondary lung and

systemic infections and related sepsis Diabetes can
commonly lead to hospitalization in cases of
ketoacidosis and respiratory failure, secondary to
sepsis mostly.

We observed higher hospitalization rates
in diabetics, with more patients requiring inpatient
management for PTB (60 diabetic patients vs 50
nondiabetic patients)

In a study, Dooley et al. found that
diabetics have greater systemic inflammation,
leading to complications requiring
hospitalization.[15] Also, according to the study by
Jeon and Murray hyperglycemia-induced immune
dysfunction (altered macrophage function, reduced
cytokine response) results in more severe disease
presentation. [20]

In this study Dyspnea & Respiratory
Failure was the leading cause of admission in both
groups( 40% vs 38.5% in diabetic and non
diabetics respectively). Generalized Weakness was
the second most common cause in both groups (23
diabetics vs. 24 non-diabetics). Pleura-related
complications (effusion, pneumothorax, empyema,
etc.) were slightly higher in diabetics (7 vs. 6
cases). Severe malnourishment related
hospitalization was seen only in Non diabetic PTB
subjects.Sepsis was slightly more common in
diabetics. Incidence of hemoptysis and high-grade
fever had no significant difference in the two
groups

In this study most cases were confirmed
through Sputum AFB. Non-diabetic patients had a
slightly higher percentage confirmed through AFB
staining (90 % vs 85.71%). Sputum CBNAAT had
to be more frequently used for confirmation of PTB
in diabetic patients. This difference is not
statistically sigmificant and correlates well with
WHO Global TB Report and study by Arias et al.
which say that diabetic patients do not have
delayed TB detection when screening is adequate.
[1] [23] Despite immune dysfunction, bacterial
load and sputum positivity remain similar across
groups.

Our study documents 5 cases of drug
resistant TB: 4 cases of Rifampicin resistant TB (
MDR) and 1 case of isolated isoniazid resistant TB
( H Mono TB). All of these cases were in diabetic
subjects. The difference in MDR-TB cases (more
in diabetics) does not reach statistical significance
in this sample. Liu et al. found that diabetes does
not directly increase MDR-TB risk, but poor
glycemic  control may reduce treatment
effectiveness.

Radiologically, diabetic patients showed
more lower lobe, bilateral, and multilobar
involvement with significantly more cavitation,
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consolidation, and nodular infiltrates(p=0.0394).
Study by Restrepo et al. confirm that diabetics with
PTB exhibit more cavitary lesions and nodular
infiltrates due to impaired immune response. [13]

Hyperglycemia leads to greater lung
damage and poor granuloma formation, making
these findings more common. Alisjahbana et al.
demonstrated that diabetic PTB patients have a
higher incidence of multilobar involvement,
possibly due to delayed diagnosis or altered
immune response leading to extensive disease
progression. [16]

Baker et al. and Gong et al. have
highlighted that diabetic PTB patients show a
predilection for lower lobe involvement, whereas
non-diabetics exhibit a stronger upper lobe
preference.This is attributed to diabetic-associated
microangiopathy, leading to differential lung
Immune responses [21] .

Chest CT revealed fungal ball exclusively
in diabetic cases. No diabetics more commonly had
classic upper lobe involvement and pleural
effusion.

Jeon & Murray found that diabetic PTB
patients have increased rates of chronic
inflammation and necrosis, leading to persistent
consolidation and secondary fungal infections
(aspergilloma).Fungal ball formation is a well-
known sequela in diabetics with chronic lung
disease. [20] Research by Kim and Lee indicates
that non diabetic PTB patients are more likely to
present with pleural TB, possibly due to better
immune-mediated containment of infection in non-
diabetics. [23]

This study found that while alcohol, tobacco, and
multiple substance use were more frequent in non-
diabetic PTB patients, the difference is not
significant. Previous researches by Workneh et al.,
and Thapa et al suggest that behavioral attributes

such as tobacco smoking and alcohol drinking are
associated with TBDM comorbidity (7,24) . In our
study most of the diabetics belonged to older age
groups while non diabetics belonged to young and
middle aged adults this might be reason for
reportedly higher prevalence of substance use in
non diabetics.

HbAZ1Clevelsweresignificantlyhigherindia
beticPTBpatients,with21.4%havingvalues>10%.
These findings were similar to many previous
studies including those of Balakrishnan and
Vishwanathan et al where diabetic PTB patients
tend to have higher values of RBS and HbALC as
compared to non-diabetic TB patients. (9,10)

Sputum conversion rates were nearly
identical between both groups (p =0.9376).
Conversion at 3 months occurred in around 85%
population of both groups (Diabetic:85.71%, Non
Diabetic:84.28%). Research by Jeon & Murray
supports this, concluding that diabetes does not
significantly impact early sputum conversion in TB
patients. [20]

This study highlights the modifying effect
of diabetes on the clinical and radiological profile
of pulmonary TB. Diabetic patients had more
atypical and extensive lung involvement, longer
duration of illness before diagnosis, and more
severe radiological findings, including cavitation
and bronchiectasis.

These findings are supported by studies
from Restrepo, Alisjahbana, and Jeon et al., who
demonstrated increased susceptibility to severe TB
among diabetics due to hyperglycemia-induced
immune  dysfunction.  Treatment outcomes,
however, were largely similar, emphasizing the
potential of successful outcomes with adequate
management and early detection. Routine screening
for diabetes in TB patients is essential, particularly
in high-burden regions like India.

IV. TABLES AND GRAPHS

Demographic Profile

Table 1. Sex Distribution of Study Subjects

Group Male (n, %)
PTB with Diabetes
Non-Diabetic PTB

Female (n, %)
48 (68.5%)
42 (60.0%)
Total 90 (64.3%)

Total (n, %)

22 (31.4%) 70 (100%)
28 (40.0%) 70 (100%)
50 (35.7%) 140 (100%)

PTB = Pulmonary Tuberculosis, DM = Diabetes Mellitus. p = 0.378 (not significant).
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Figure 1. Sex distribution of patients
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Figure 1. Sex distribution of patients. There was a higher proportion of males in both diabetic and non-diabetic
PTB groups. The proportion of females was slightly higher among non-diabetic PTB (40%) compared to
diabetic PTB (31.4%).

Table 2. Age-wise Distribution of Study Subjects

Age Group (years) PTB with Diabetes (n, %) Non-Diabetic PTB (n, %)
18-35 20 (28.6%) 41 (58.6%)
36-55 32 (45.7%) 22 (31.4%)
56-75. 15 (21.4%) 07 (10.0%)
>76 03 (4.3%) 00 (0.0%)

PTB = Pulmonary Tuberculosis, DM = Diabetes Mellitus. p = 0.0018 (significant).

Figure 2. Age distribution of patients
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Figure 2. Comparative age distribution of study subjects.PTB with diabetes was more common in middle-aged

(36-55) and older adults (56—75), while non-diabetic PTB was more frequent in younger adults (18-35). The
association was statistically significant (p = 0.0018).

Clinical Characteristics
Table 3. Symptom Duration

Symptom Duration PTB with Diabetes (n, %) Non-Diabetic PTB (n, %)
<2 months 23 (33%) 41 (59%)
> 2 months 47 (67%) 29 (41%)

Longer duration of symptoms was significantly more common among diabetics. p = 0.0039.
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Figure 3. Symptom duration
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Figure 3. Symptom duration comparison. Diabetic PTB patients had significantly longer symptom duration (>2
months: 67% vs 41%) compared to non-diabetic PTB patients.

Table 4. Past History of PTB

History of PTB PTB with Diabetes (n, %) Non-Diabetic PTB (n, %)
Present 21 (30%) 25 (35.7%)
Absent 49 (70%) 45 (64.3%)

Figure 4. Past history of PTB
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Figure 4. Past history of PTB. Previous PTB was slightly more common among non-diabetic PTB patients
(35.7%) compared to diabetics (30%).

Table 5. Chest X-ray Involvement (Quadrants)

Quadrants Involved Diabetic PTB Non-Diabetic PTB
1 20 26
2 20 24
3 09 05
4 21 14
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Figure 5. Chest X-ray quadrants involved
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Figure 5. X-ray involvement by quadrants.Diabetic PTB patients showed more extensive multi-quadrant disease
compared to non-diabetic PTB.

Table 6. CT Findings

Feature Diabetic PTB Non-Diabetic PTB
Consolidation 29 23
Cavitation 13 08
Fibrosis/Destruction 18 19
Bronchiectasis 18 09
Nodular infiltrates 28 19
Miliary pattern 01 02
Pneumothorax. 04 04
Pleural effusion 03 06
Fungal ball 03 00

Figure 6. CT scan features
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Figure 8. CT scan features.Cavitation, consolidation, and nodular infiltrates were more common in diabetic
PTB, with fungal ball observed exclusively among them.
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Table 7. HbAlc Levels

HbAlc Category (%) Diabetic PTB Non-Diabetic PTB
4555 0 30
5.5-6.0 0 16
6.0-6.5 5 24
6.5-10 50 00
>10 15 00

Figure 7. HbAlc distribution
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Figure 7. HbAlc levels. Majority of diabetic PTB patients had poor glycemic control (HbAlc >6.5%).

Table 8. Substance Use Patterns

Substance Diabetic PTB Non-Diabetic PTB
Alcohol 10 15
Smoking 09 09
Tobacco 05 10
Multiple 10 15
None 45 39
Figure 8. Substance use
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Figure 8. Substance use patterns. Substance abuse (alcohol, tobacco, smoking) was common in both groups,
slightly higher among non-diabetic PTB.
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Sputum Conversion

Table 9. Sputum Conversion at 3 Months

Sputum Status  Diabetic PTB

Negative 60
Positive 05

Non-Diabetic PTB
59
04

Figure 9. Sputum conversion at 3 months
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Figure 9. Sputum conversion at 3 months. Sputum conversion rates at 3 months were comparable across both
groups (~85%).

V.  CONCLUSION

The findings of this comparative study
underscore the significant impact diabetes mellitus
(DM) has on the presentation and progression of
PTB. Diabetic PTB patients were more likely to be
older and presented with prolonged, nonspecific
symptoms, suggesting delayed healthcare-seeking
behavior and possible under-recognition of TB
symptoms.  Radiologically, diabetic patients
exhibited more extensive lung involvement,
including increased cavitation, nodular infiltrates,
bronchiectasis, and multilobar disease. Lower lobe
and bilateral lung involvement were also more
frequent among diabetics, while non-diabetic
patients typically showed classical upper lobe
involvement and more localized disease. These
findings support the growing evidence that diabetes
modifies the natural course and presentation of TB.
Although diabetic patients showed a slightly higher
incidence of drug resistance and delayed sputum
conversion, these differences were not statistically
significant. The study emphasizes that the dual
burden of TB and diabetes is a growing concern,
particularly in regions with high prevalence of both
conditions, like India.Overall, this study highlights
the need for early screening of diabetes in TB
patients and vice versa, integrated management
approaches, and increased clinical vigilance for
atypical presentations. Strengthening collaborative
care models and ensuring continuity of treatment,

especially in diabetic TB patients, is essential for
improving outcomes and reducing disease burden.

VI. LIMITATIONS

This study was conducted at a single
tertiary care center, which may limit
generalizability. Glycemic control during treatment
and long-term outcomes were not assessed. The
sample size, though adequate for primary
objectives, may be insufficient to detect smaller
differences in  outcomes such as MDR
prevalence.Some data, such as substance use
history and symptom duration, relied on self-
reported information, which may be subject to
recall bias or underreporting.
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