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ABSTRACT

Objectives: This study aims to investigate the clinical spectrum of tuberculosis (TB) in patients with diabetes
mellitus (DM) and analyze its relationship with glycemic status.

Materials and Methods: A cross-sectional study of 372 patients with concurrent TB and DM was conducted
at a tertiary care hospital. Glycemic control was categorized based on hemoglobin A1C levels as good (<7%),
moderate (7.1-9%), and poor (>9%). Clinical presentations, radiological findings, and laboratory parameters
were analyzed.

Results: The mean age was 44.3 + 8.7 years, with male predominance (71.2%). Pulmonary TB was predominant
(65.3%), while extrapulmonary TB comprised 34.7% of cases. Sputum positivity rates increased significantly
with poorer glycemic control: 42.3% in good control versus 76.2% in poor control (P < 0.001). Poor glycemic
control was associated with higher rates of lower zone involvement (67.9%), bilateral disease (58.4%), and cavity
formation (45.3%). Among extrapulmonary manifestations in poorly controlled patients, disseminated TB
(45.5%) and lymph node TB (28.0%) were most common.

Conclusion: Poor glycemic control is associated with higher sputum positivity, atypical radiological
presentations, and increased risk of disseminated TB. These findings emphasize the importance of glycemic
control in TB-DM patients and suggest the need for more aggressive screening and monitoring in this
population.
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INTRODUCTION

Tuberculosis (TB) remains a significant global health challenge, with India bearing approximately
28% of the world’s TB burden.!! Recent systematic reviews and meta-analyses indicate that
tuberculosis infection affects approximately 41% of the Indian population, making it a critical
public health concern.™ Simultaneously, India faces a rising epidemic of diabetes mellitus (DM),
affecting approximately 10.5% of the global population and 8.3% of the Indian population.™
These two diseases represent a challenging dual epidemic that poses significant global health
concerns. Recent epidemiological studies have highlighted the increasing convergence of these
conditions, particularly in regions with high TB burden.®*! The relationship between TB and
DM has gained renewed attention as global diabetes prevalence continues to rise, with current
estimates suggesting that DM patients have a 2-3 times higher risk of developing TB compared
to non-diabetic individuals.**!
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The interaction between TB and DM involves several
interconnected pathophysiological mechanisms.'*!") In
patients with both conditions, diabetes significantly weakens
the immune system by compromising macrophages and
T-lymphocytes, particularly reducing T-helper 1 cells and
crucial cytokines such as interleukin-1 and interleukin-6.
This weakened immune response makes fighting TB
infection more difficult and increases the risk of latent TB
becoming active. Oxidative stress plays a central role in
both diseases, with factors such as age, family history, and
lifestyle choices in diabetic patients leading to increased
stress levels. This results in the formation of advanced
glycation end-products, which interact with immune cell
receptors (receptor for advanced glycation end products
[RAGE]) and affect TB infection response. The body’s
cellular cleaning system, autophagy, which normally helps
eliminate TB bacteria, becomes disrupted in both conditions.
TB bacteria have evolved to prevent their destruction by
interfering with autophagy-related genes, while diabetes-
related conditions impair autophagy function through high
blood sugar and oxidative stress. These alterations can result
in atypical manifestations, increased disease severity, and
potentially poorer treatment outcomes, a fact which has
been validated by various research which has shown that
clinical presentation of TB in diabetic patients often differs
from classic patterns, along with variations in radiological
findings, bacteriological characteristics, and extrapulmonary
manifestations.!>14

Understanding these modifications is crucial for several
reasons. First, it aids in early detection and appropriate
management strategies. Second, it helps identify high-risk
patients who may require more intensive monitoring. Finally,
it contributes to developing targeted interventions that
address both conditions simultaneously. This study aims to
investigate the clinical spectrum of TB in patients with DM
and analyze its relationship with glycemic status, focusing on
both pulmonary and extrapulmonary manifestations.

MATERIALS AND METHODS
Study design and setting

A cross-sectional study was conducted between November
2023 and October 2024 at a tertiary care hospital. The study
included 372 patients diagnosed with both TB and DM.
The inclusion criteria encompassed patients aged =18 years
with a confirmed diagnosis of TB (either bacteriologically
or clinically), established diagnosis of DM, and consent
to participate in the study. Patients were excluded if they
were under 18 years old, had human immunodeficiency
virus (HIV), were on steroids or any other form of
immunosuppressive therapy, or were not willing for regular
follow-up.

Data collection

Data collection involved the comprehensive gathering of
demographic information, clinical features, and both laboratory
and radiological investigations. Laboratory investigations
included complete blood count, liver function tests, kidney
function tests, sputum for acid-fast bacilli (AFB), HIV status,
hemoglobin A1C (HbAlc), fasting blood sugar, postprandial
blood sugar levels, and routine urine analysis. Additional
tests such as fluid cytology, fine-needle aspiration cytology,
biopsy, urine for AFB, chest X-ray, and ultrasonography of the
abdomen were performed when necessary. Glycemic status
assessment utilized HbAlc levels, categorized as good control
(£7%), moderate control (7.1-9%), and poor control (>9%).!'%

Statistical analysis

Data analysis was performed using the Statistical Package for
the Social Sciences version 25.0. The study employed both
descriptive and inferential statistics. Categorical variables
were presented as frequencies and percentages, while
continuous variables were expressed as mean + standard
deviation. Statistical significance was determined using
the Chi-square test and, Fishers exact test for categorical
variables, and Student’s ¢-test for continuous variables, with
P <0.05 considered significant.

RESULTS
Demographic and clinical characteristics

The study population showed distinctive demographic
patterns with a mean age of 44.3 £ 8.7 years and a notable
male predominance (71.2% males vs. 28.8% females). The
peak age group was 35-50 years, representing 52.4% of the
participants. Regarding glycemic status, the mean HbAlc
was 8.9 + 2.3%, with patients distributed across three control
categories: good control (23.9%), moderate control (38.2),
and poor control (37.9%) [Table 1].

Clinical spectrum of TB

Pulmonary TB emerged as the dominant form, accounting
for 65.3% of cases (243 patients). The distribution across
glycemic control groups showed 27.9% in good control,
36.6% in moderate control, and 35.5% in poor control
[Figure la]. Extrapulmonary TB comprised 34.7% of cases
(129 patients), with a distinct distribution pattern across
glycemic control groups: 16.3% in good control, 41% in
moderate control, and 42.7% in poor control [Figure 1b].

Relationship with glycemic status

Sputum positivity demonstrated a strong correlation with
glycemic control [Figure 2]. The overall sputum positivity
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Figure 1: (a) Distribution of pulmonary tuberculosis (TB) cases by glycemic control. (b) Distribution

of extrapulmonary TB cases by glycemic control.

Table 1: Demographics and clinical characteristics of the study
participants

Value
Total patients 372
Number of males (%) 265 (71.2%)

Characteristic

Number of females (%) 107 (28.8%)
Mean age (in years) 44.3+8.7
Mean HbAlc 8.9+2.3
Glycemic control distribution
Good (HbAlc <7%) 89 (23.9%)
Moderate (HbAlc: 7.1-9%) 142 (38.2%)
Poor (HbAlc >9%) 141 (37.9%)

HbA1lc: Hemoglobin A1C, +: + standard deviation.

rate was 58.4%, with a clear progression across HbAlc levels:
42.3% positive in good control, 56.8% in moderate control,
and 76.2% in poor control (P < 0.001).

Among patients with poor glycemic control (HbAlc >9%),
extrapulmonary manifestations showed a diverse pattern
of involvement. Disseminated TB was most prevalent,
affecting 45.5% of extrapulmonary cases, followed by
lymph node TB (28.0%), pleural TB (21.3), central nervous
system (CNS) TB (19.2%), and abdominal TB (19.1%).
Less common manifestations included spine TB (4.4%),
pericardial TB (2.7%), genitourinary TB (1.9%), and
cutaneous TB (0.9%).

The pattern of extrapulmonary involvement varied
significantly across glycemic control groups [Figure 3].
Patients with poor glycemic control showed the highest
rate of disseminated TB (45.5%), significant lymph node
involvement (28.0%), higher rates of CNS involvement
(19.2%), and were more likely to have multiple site
involvement. Those with moderate glycemic control
exhibited intermediate rates of disseminated TB (30.2%),
with a balanced distribution between pleural (22.6%) and
lymph node (24.5%) involvement and moderate rates of
abdominal involvement (17.0%). In contrast, patients with
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good glycemic control demonstrated the highest proportion
of pleural TB (28.6%), lower rates of disseminated disease
(19.0%), relatively stable lymph node involvement (23.8%),
and were less likely to have multiple site involvement.

Radiological findings

Chest X-ray patterns in pulmonary TB revealed interesting
distributions in zone involvement, with lower zone
involvement (64.8%) exceeding upper zone involvement
(35.2%), and multiple zones affected in 42.3% of cases.
Pattern distribution showed marked differences based on
glycemic control [Table 2]. In poor control cases (HbAlc
>9%), lower zone involvement was predominant (67.9%),
bilateral involvement (58.4%), and higher cavity formation
(45.3%). In contrast, good control cases showed upper zone
predominance (52.1%), unilateral involvement (63.2%), and
lower cavity formation (28.7%).

DISCUSSION

This comprehensive study of 372 patients with concurrent
TB and DM provides significant insights into the relationship
between glycemic control and TB manifestations. The
demographic profile revealed a male predominance (71.2%),
consistent with previous studies.*'*! The mean age of
44.3 years indicates that the disease primarily affects the
economically productive age group.

The study demonstrated that pulmonary TB remains the
predominant manifestation (65.3%) in diabetic patients,
aligning with existing literature.®' However, the pattern
of involvement showed distinct characteristics in diabetic
patients, particularly those with poor glycemic control.

A significant finding was the strong correlation between
glycemic control and sputum positivity rates. Patients with
poor glycemic control (HbAlc >9%) showed significantly
higher sputum positivity (76.2%) compared to those with
good control (42.3%), suggesting that poor glycemic control
may enhance TB transmission risk due to longer sputum
culture conversion time.'”"*! This marked difference in
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Figure 2: Sputum positivity rates by glycemic control. HbAlc:
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Percentage
I3
W

20 - = Good control

15 4 Moderate control

® Poor control

&

SR AP R
&*9 é@ < A
Q\"’%@ \ﬁ& >

Figure 3: Extrapulmonary tuberculosis distribution by glycemic
control. Others include spine TB, pericardial TB, genitourinary TB,
and cutaneous TB. TB: Tuberculosis, CNS: Central nervous system.

Table 2: Radiological findings by glycemic control

Finding Good control Poor control
(HbAlc <7%) (HbAlc >9%)

Zone Upper zone Lower zone

involvement predominance (52.1%) predominance

(67.9%)

Laterality Unilateral (63.2%) Bilateral (58.4%)

Cavity formation  28.7% 45.3%

HbA1c: Hemoglobin A1C.

sputum positivity rates emphasizes the importance of
glycemic control in managing TB transmission risk.

The radiological findings in our study revealed interesting
patterns. Patients with poor glycemic control showed a
higher prevalence of lower zone involvement (67.9%) and
bilateral disease (58.4%), contrasting with the typical upper
zone predominance seen in non-diabetic TB patients.['>!41%]
This atypical presentation might lead to diagnostic delays if

not specifically considered during screening and assessment.

Particularly noteworthy was our finding regarding
extrapulmonary manifestations, where patients with poor
glycemic control (HbAlc >9%) demonstrated a high rate
of disseminated TB (45.5%) and lymph node TB (28.0%).
The progression of involvement across glycemic control
groups was notable, with disseminated TB showing a clear
correlation with worsening glycemic control. Patients
with moderate control exhibited intermediate rates of
dissemination (30.2%), while those with good control showed
the lowest rates (19.0%). This pattern strongly suggests
that poor glycemic control may facilitate mycobacterial
dissemination,'™"!  possibly through impaired immune
responses in hyperglycemic states.

The study also revealed that poor glycemic control was
associated with more severe disease manifestations,
including higher rates of cavity formation (45.3% vs.
28.7% in good control) and bilateral involvement. This
observation supports the hypothesis that hyperglycemia may
impair immune responses and lead to more severe disease
presentations.'"¥) These findings emphasize the critical
importance of maintaining optimal glycemic control in TB-
DM patients.

These results have important clinical implications. First, they
suggest the need for more aggressive screening protocols
in diabetic patients, particularly those with poor glycemic
control. Second, they highlight the importance of maintaining
optimal glucose levels as part of TB management. Finally,
they indicate the need for heightened awareness of atypical
presentations among healthcare providers, especially given
the significant variation in disease patterns across different
levels of glycemic control.

Limitations of the study

The study faced several limitations. First, the single-center
study design may limit the generalizability of findings.
Second, the cross-sectional nature of the study limits causal
inference between glycemic control and TB manifestations.
Finally, there may be potential referral bias due to the tertiary
care setting of the study.

CONCLUSION

This study reveals compelling relationships between glycemic
control and TB manifestations in diabetic patients. Our
findings demonstrate that poor glycemic control correlates
with increased sputum positivity, atypical radiological
presentations (including predominant lower zone and
bilateral involvement), and higher rates of disseminated and
lymph node TB. These patterns have significant implications
for clinical practice, emphasizing the critical importance of
maintaining optimal blood glucose levels in TB-DM patients.
Healthcare providers should implement more rigorous
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screening protocols, particularly for poorly controlled
diabetic patients, and remain vigilant for atypical disease
presentations. These insights could ultimately improve
patient outcomes through early detection and targeted
management strategies.
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