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ABSTRACT

Background: Tuberculosis (TB) and diabetes mellitus (DM) are significant global health challenges, with emerging
evidence suggesting a bidirectional relationship between the two conditions. The coexistence of DM in TB patients can
complicate treatment outcomes, increase relapse rates, and exacerbate disease severity. This study aims to determine the
prevalence of diabetes mellitus in newly diagnosed tuberculosis patients and explore associated risk factors.

Methods: A cross-sectional study was conducted among newly diagnosed TB patients at government multispecialty hospital,
Sector 16, Chandigarh. Patients were screened for DM using fasting blood glucose, HbAlc, or random blood glucose tests
as per WHO guidelines. Demographic data, clinical characteristics, and risk factors such as age, body mass index (BMI),
family history of DM, and socioeconomic status were collected. Prevalence was calculated, and logistic regression analysis
was used to identify factors associated with DM in TB patients.

Results: In our study participants of 152 newly diagnosed TB patients, 21.7% were found to have diabetes mellitus. Among
these, 6.5 % were newly diagnosed with DM, while 15.1 % had a prior DM diagnosis. Factors significantly associated with
DM prevalence included older age showed high significance (p<0.001), higher BMI (p<0.05), and history of smoking
(p<0.05). And there is a significant association that was observed with gender (p<0.35).

Conclusion: The high prevalence of diabetes mellitus in newly diagnosed TB patients underscores the need for routine DM
screening in TB management programs. Early detection and management of DM in TB patients could improve treatment
outcomes and reduce complications. Further studies are warranted to assess the impact of integrated TB-DM care on long-
term health outcomes.
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1. INTRODUCTION

The escalating global prevalence of diabetes mellitus represents a significant challenge to public health, characterized by its
association with microvascular and macrovascular complications, including nephropathy, retinopathy, neuropathy, and
increased cardiovascular risks (Anchit et al., 2023). The intricate interplay between diabetes mellitus and infectious diseases,
particularly tuberculosis, has garnered increasing attention in recent years (Yorke et al., 2017). Diabetes mellitus, the most
prevalent endocrine disorder, manifests as metabolic irregularities stemming from relative or absolute insulin deficiency
and/or insulin resistance, further compounded by dyslipidemia, a condition marked by elevated levels of triglycerides and
low-density lipoprotein cholesterol, coupled with decreased high-density lipoprotein cholesterol levels (Habtewold et al.,
2016). The convergence of the tuberculosis and diabetes epidemics presents a formidable challenge to global health systems
(Restrepo, 2007). It is clear that more robust interventions are needed, than merely describing diabetes in relation to TB
(Kerama et al., 2023). Understanding the intricate relationship between diabetes mellitus and tuberculosis is crucial for
implementing effective screening, prevention, and management strategies. The global prevalence of diabetes has seen a
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concerning surge, doubling between 1980 and 2014, with the World Health Organization estimating that 422 million adults
were living with diabetes worldwide in 2014 (Lall et al., 2016). The rising prevalence of these diseases is attributed to the
adoption of western lifestyles and urbanization (Yvonne, 2013).

2. BACKGROUND

The escalating prevalence of type 2 diabetes (T2D) has evolved into a substantial global and national health concern (Okemah
etal., 2018). The International Diabetes Federation reported in 2021 that China, India, and Pakistan have the highest number
of adults aged 20-79 years with diabetes (Patil et al., 2023). The global increase in diabetes cases has been mirrored in India,
which is now considered an epicenter of the diabetes pandemic, with a substantial proportion of its population affected by
the disease (Kumari & Singh, 2020). The dramatic increase in the prevalence of type 2 diabetes mellitus in low-and middle-
income countries is reported by the Global Burden of Disease (Dutt et al., 2022).

2.1. Diabetes Mellitus

Diabetes mellitus is a chronic metabolic disorder characterized by elevated blood glucose levels, resulting from defects in
insulin secretion, insulin action, or both (Pappachan, 2021). Type 2 diabetes mellitus is a heterogeneous disease characterized
by deficient insulin secretion by pancreatic islet B-cells in the context of impaired insulin sensitivity (Roden & Shulman,
2019). The causes of type 2 diabetes include genetic factors, aging, obesity, and physical inactivity (Feyisa et al., 2022; Wu
etal., 2014).

The global prevalence of diabetes has been on the rise, with projections estimating a continued increase in the coming years
(Ong et al., 2023). The global prevalence of diabetes has been on the rise, with projections estimating a continued increase
in the coming years. The number of people affected by diabetes is expected to double in the next decade because of an
increase in the aging population, thereby adding to the already existing burden for healthcare providers, especially in poorly
developed countries (Olokoba et al., 2012). The disease prevalence continues to increase because of the obesity pandemic
(Pappachan, 2021). In 2019, approximately 9.3% of the global population was estimated to have diabetes, and projections
indicate that this figure will rise to 10.2% by 2030 and 10.

2.2. Tuberculosis

Tuberculosis, caused by Mycobacterium tuberculosis, primarily affects the lungs but can also involve other organs. In 2020,
approximately 9.9 million people worldwide developed tuberculosis, with an estimated 1.5 million deaths (Phelan et al.,
2018). Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis which commonly affects the lungs but
can also affect any other organ. Tuberculosis usually spreads through the air when people with pulmonary tuberculosis cough,
sneeze, or spit (Holtz, n.d.). Tuberculosis is a major public health problem worldwide, especially in developing countries.

2.3. Prevalence of Diabetes Mellitus in Tuberculosis Patients
2.3.1. Epidemiological Evidence

India bears a significant burden of tuberculosis, accounting for a substantial proportion of the global incidence (Tarachandani
et al., 2023). The definitive diagnosis of pulmonary tuberculosis lies in the isolation of the tubercle bacilli from the patient's
sputum, either by direct microscopy or by culture (Kumbar et al., 2021). More than 2 billion people are infected with
Mycobacterium tuberculosis, of whom more than 11 million have active TB, and the number of yearly incident cases and
attributable deaths is rising globally (Bailey & Grant, 2011). Both diseases are more prevalent in populations with low
socioeconomic status, poor nutrition, and limited access to healthcare. In 2021, the incidence was an estimated 10.6 million
cases and it contributed to 1.4 million deaths worldwide (Patel et al., 2023). The prevalence of diabetes mellitus among
tuberculosis patients varies across different regions and populations, reflecting variations in diabetes prevalence and
tuberculosis epidemiology. India bears a significant burden of tuberculosis, accounting for approximately one-fifth of the
global incidence, with an estimated 1.96 million cases annually, while approximately 2.9 million people succumb to
tuberculosis each year worldwide, with about one-fifth of these deaths occurring in India alone (Vashishtha, 2010).

2.3.2. Potential Mechanisms

Smoking habits have exhibited considerable changes between genders, particularly with an increase in smoking among young
women in the past decade, potentially leading to a higher incidence of smoking-related diabetes in females in the future
(Kautzky-Willer et al., 2016). Sex-specific findings implicate a higher atherothrombotic risk for women with T2DM, which
potentially could have clinical consequences (Kautzky-Willer et al., 2016). The co-occurrence of diabetes and tuberculosis
can have detrimental effects on treatment outcomes and disease progression (Prezzemolo et al., 2014). In the vulnerable
phase of pregnancy, various environmental factors can exert a strong influence on fetal development (Kautzky-Willer et al.,
2016). Psychosocial risk factors like low educational level, occupation and income, largely contribute to unhealthy lifestyle
behavior and social disparities and thus are related to higher risk of obesity and T2DM particularly in women (Kautzky-
Willer et al., 2016).
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3. MATERIALS AND METHODS:

The study had been conducted among patients belonging to both sexes and with age of 18 years or more attending out-patient
department and admitted at Govt. Multispecialty Hospital, Sector 16. A written informed consent was taken from both patient
and their attendants prior to enrollment of study. A total of 152 TB cases of pulmonary and extrapulmonary are registered
under RNTCP are included in this study after obtaining informed consent and they will be subjected to details of examination,
and they will proceed for the appropriate investigations. And the participants will be further subjected to biochemical
investigation with standard laboratory techniques, screened for diabetes mellitus by assessing fasting plasma glucose,
postprandial plasma glucose and HbAlc.

The sample size was estimated based on the assumption that the prevalence of all types of tuberculosis is 10%. To estimate
this proportion with a 95% confidence interval and a margin of error of 5%, the required sample size was 138 subjects,
calculated using the formula n0=z"2pg/d"2. Categorical data will be presented as numbers or percentages, while continuous
data assumed to be normally distributed will be reported as mean and standard deviation or median and interquartile range.
Normality will be assessed using the Kolmogorov-Smirnov test. For normally distributed data, t-tests will be used for
comparisons between two groups, while for skewed data, non-parametric Mann-Whitney U-tests will be employed.
Categorical data comparisons will be made using Pearson's chi-square or Fisher's exact test, as appropriate. All statistical
tests will be two-sided and performed at a significant level of 0=0.05. The analysis will be conducted using IBM SPSS
STATISTICS. Numerical variables are often expressed as mean * standard deviation, while categorical variables are
presented as frequencies and percentages (Cherchi et al., 2020).

4. RESULTS
Table 1: Biochemical parameters for diabetic screening
. . Std.
Diabetes Mellitus N Mean Deviati t-value p-value
eviation
Yes 33 7.06 0.72
HbAlc 9.215 .0001**
No 119 5.11 1.16
Yes 33 114.21 30.16 4.060 .0001**
Fasting plasma glucose
No 119 92.69 26.00
Yes 33 142.94 37.33 3.367 .001**
Postprandial plasma glucose
No 119 122.88 28.07

Mean fasting plasma glucose114.21 + 30.16 in diabetics and 92.69 + 26.00 in non-diabetics and t-value is 4.060 with p-value
0.0001 i.e. significant difference in both groups. Mean postprandial plasma glucose142.94 + 37.33 in diabetics and 122.88
+ 28.07 in non-diabetics and t-value is 3.367with p-value 0.001 i.e. significant difference in both groups. Mean HbA1c7.06
+ 0.72in diabetics and 5.11 + 1.16 in non-diabetics and t-value is 9.215 with p-value 0.0001 i.e. significant difference in both
groups.

Table 2: Age and Sex Correlation with Diabetes Mellitus

Diabetes Mellitus Chi-
p-value
Yes No Total square
Age | 20-30 0 0.0% 26 100.0% 26 100.0%
30-40 1 2.9% 33 97.1% 34 100.0%
40-50 5 14.7% | 29 85.3% 34 100.0%
50-60 11 | 393% |17 60.7% 28 100.0%
60 above 16 | 533% |14 46.7% 30 100.0% 37.977 0001**
Total 33 | 21.7% | 119 | 78.3% 152 100.0%
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Male 27 | 26.7% 74 73.3% 101 100.0%
Sex | Female 6 11.8% 45 88.2% 51 100.0% 4.467 .035*
Total 33 | 21.7% 119 | 78.3% 152 100.0%

Here the p-value is less than significance level 0.05; the relation between diabetes mellitus and age was significant. The table
reveals that the proportion of diabetic patients is high in the older age group, the p-value is less than significance level 0.05;
the relation between diabetes mellitus and sex was significant. This suggests there is relation between diabetes mellitus and
sex. The table reveals the proportion of diabetic patients is high in male sex group.

Table 3: Relationship Between Diabetic Mellitus and Smoking in Newly Diagnosed Tuberculosis Patients

Diabetes Mellitus
Yes No Total
Smoking Yes 13 | 39.4% 25 21.0% 38 25.0%
No 20 | 60.6% 94 79.0% 114 | 75.0%
Total | 33 | 100.0% 119 | 100.0% 152 | 100.0%

The data shows 39.4% of diabetics are smokers

Table 4: Prevalence of Diabetes Mellitus in Newly Diagnosed Tuberculosis Patients

Frequency Percentage
Total Patients 152
Non-Diabetics 119 78.3%
Diabetics 33 21.7%
Newly diagnosed diabetics 10 6.5%
Preexisting diabetics 23 15.1%

The total number of tuberculosis patients without diabetes mellitus were 119 with a percentage of 78.3% and with diabetes
mellitus, 33 with a percentage of 21.7%, in that 6.5% were newly diagnosed and 15.1% were already known diabetics.

Table 5: Relationship between Diabetes Mellitus and Pulmonary, Extra Pulmonary Tuberculosis

Diabetes Mellitus
Yes No Total P-value
Pulmonary Yes 26 | 78.8% 69 58.0% 95 62.5%
Tuberculosis
No 7 | 21.2% 50 | 42.0% 57 | 37.5% 0.029
Total 33 | 100.0% 119 | 100.0% 152 | 100.0%
Extrapulmonary Yes 7 21.2% 50 42.0% 57 37.5%
tuberculosis
No 26 | 78.8% 69 | 58.0% 95 | 62.5% 0.05
Total 33 | 100.0% 119 | 100.0% 152 | 100.0%

Here the p-value is less than the significance level value 0.05; the relation between diabetes mellitus and pulmonary
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tuberculosis was significant. That is, there is a relation between diabetes mellitus and pulmonary tuberculosis. And the p-
value is less than the significance level 0.05; the relation between diabetes mellitus and sputum positive pulmonary
tuberculosis was significant. That is, there is a relation between diabetes mellitus and sputum positive pulmonary
tuberculosis. The table reveals that the proportion of diabetic patients is high in sputum positive pulmonary tuberculosis
patients.

Table 6: Pulmonary and Extrapulmonary Tuberculosis Relationship with Diabetes Mellitus

Diabetes mellitus
Yes No Total

Sputum  positive | Yes 22 66.7% 50 42.0% 72 47.4%
pulmonary
tuberculosis No 11 33.3% 69 58.0% 80 52.6%
Sputum  negative | Yes 4 12.1% 19 16.0% 23 15.1%
pulmonary
tuberculosis No 29 87.9% 100 84.0% 129 84.9%

Yes 4 12.1% 15 12.6% 19 12.5%
Lymph node

No 29 87.9% 104 87.4% 133 87.5%

Yes 0 0.0% 19 16.0% 19 12.5%
Pleural effusion

No 33 100.0% 100 84.0% 133 87.5%

Yes 0 0.0% 1 .8% 1 %
Genital Tract

No 33 100.0% 118 99.2% 151 99.3%

Yes 1 3.0% 2 1.7% 3 2.0%
Bones&Joints

No 32 97.0% 117 98.3% 149 98.0%

Yes 2 6.1% 8 6.7% 10 6.6%
Meningitis

No 31 93.9% 111 93.3% 142 93.4%

Yes 0 0.0% 5 4.2% 5 3.3%
Abdominal No 33 | 100.0% 114 95.8% 147 | 96.7%
tuberculosis

Total 33 100.0% 119 100.0% 152 100.0%

5. DISCUSSION

The following risk factors associated were discussed individually for the study of prevalence of Diabetes Mellitus in newly
diagnosed Tuberculosis patients

Age:

In our study, the mean age of tuberculosis patients with diabetes was 58.6 * 10.6, significantly higher than the mean age of
41.2 + 13.23 for those without diabetes (p<0.0001). Similar studies reported that they mean ages of 57.69 + 11.48, 53.8, and
47 + 16 for tuberculosis patients with diabetes. Our findings suggest diabetes may be more common in the older age group
and contribute to tuberculosis development in later life. (Chudamani, 2020)

Body Mass Index (BMI):

The present study found a mean BMI of 21.56 + 2.85 in the study population. The mean BMI was similar between
tuberculosis patients with (21.5) and without (21.58) diabetes, with a non-significant p-value of 0.878. Similar studies
reported the following mean BMI values for tuberculosis patients with diabetes mellitus: Kottarath P et al.: 22.94,
Alisjahbana et al.: 21.1, and the present study: 21.56
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Gender:

Our study enrolled 152 tuberculosis patients, with 101 males and 51 females. Of these, 26.7% of males had diabetes,
compared to 11.8% of females, a statistically significant difference (p=0.035). This result was likely influenced by the larger
proportion of male patients in the study. A similar study by Balakrishnan S et al. among 552 tuberculosis patients also found
a higher prevalence of diabetes mellitus among male tuberculosis patients. Another study in Nepal found that the frequency
of type 2 diabetes was significantly higher in males than in females (Pokharel et al., 2012).

Smoking:

The study found that 25% of tuberculosis patients were smokers, and among those with both tuberculosis and diabetes, 39.4%
were smokers. The higher proportion of smokers among tuberculosis patients with diabetes suggests that smoking may be a
risk factor that exacerbates the relationship between tuberculosis and diabetes. Smokers with tuberculosis may be more likely
to also develop diabetes, potentially due to the negative impact of smoking on glucose metabolism and insulin resistance.
Addressing smoking cessation could be an important intervention to mitigate the burden of both tuberculosis and diabetes.
Statistics play a crucial role in biomedical research, particularly in understanding complex diseases like diabetes and
tuberculosis, as well as the interplay between them (Yorke et al., 2017).

Pulmonary Tuberculosis:

In our study, 95 subjects had pulmonary tuberculosis, and 26 of them had diabetes, which was statistically significant
(p=0.029). This suggests diabetes mellitus is associated with pulmonary tuberculosis. Among the diabetic patients, 66.7%
had sputum-positive pulmonary tuberculosis, while 12.1% had sputum-negative tuberculosis. The relationship between
sputum positivity and diabetes was significant (p=0.012). Our findings align with studies by Raghuraman S et al. and Mansuri
S et al., which also found a significant association between diabetes and sputum positivity. In our study, 9 out of 23 cases of
sputum-negative tuberculosis were positive by GeneXpert, and the remaining cases were treated based on clinical or
radiological criteria. (Chopra et al., 2020; Datta et al., 2020)

Extrapulmonary Tuberculosis:

Our study found that 21.2% of subjects with extrapulmonary tuberculosis had diabetes, but this relationship was not
statistically significant (p=0.637). Previous research by AN Siddiqui et al. reported a higher prevalence of diabetes among
pulmonary tuberculosis patients compared to those with extrapulmonary tuberculosis. The global burden of tuberculosis is
substantial, with India carrying a significant portion of cases (Tarachandani et al., 2023).

Diabetes Mellitus:

The present study found that 21.7% of tuberculosis patients had diabetes, with the majority (15.1%) being previously known
diabetics and the remaining (6.5%) newly diagnosed. Previous studies reported a wider range of diabetes prevalence among
tuberculosis patients, ranging from 15.29% to 29%. The variations in diabetes prevalence may be due to differences in study
populations, diagnostic criteria, and geographical locations. (Kubiak et al., 2019)

Fasting Plasma Glucose:

Our study found the mean fasting plasma glucose level in tuberculosis patients with diabetes was 114.21 + 30.16 mg/dL,
which was significantly higher compared to 92.69 + 26.00 mg/dL in those without diabetes (p=0.0001). Similarly, the
Manjareeka et al. study reported a mean fasting plasma glucose of 132.4 mg/dL in tuberculosis patients with diabetes,
significantly greater than the 108.5 mg/dL observed in those without diabetes (p=0.007). These findings demonstrate a
significant association between elevated fasting plasma glucose and the presence of diabetes among individuals with
tuberculosis. (Laxmi et al., 2019; Naghipour et al., 2021)

Postprandial Plasma Glucose:

In our study, the average postprandial plasma glucose in patients with diabetes is 142.94 + 37.33 mg/dl as compared to
122.88 + 28.07mg/dl in patients without diabetes. This was a significant relationship with a p value of 0.001.(Kumari &
Singh, 2020)

HbAlc:

The study found that tuberculosis patients with diabetes had significantly higher mean HbA1c levels compared to those
without diabetes. Previous studies have also reported a high prevalence of diabetes among tuberculosis patients, with many
having poor glycemic control. In the present study, the prevalence of diabetes among tuberculosis patients was 21.7%, much
higher than the general population. Older age, male sex, smoking, elevated fasting plasma glucose, and sputum positivity
were identified as significant risk factors for diabetes in tuberculosis patients. All diabetic cases in this study were found to
have type 2 diabetes mellitus. The increasing global incidence of diabetes mellitus, with projections estimating 643 million
cases by 2030 and 783 million by 2045, highlights the importance of proper diabetes management, especially in the context
of tuberculosis co-infection (Kerama et al., 2023; Laxmi et al., 2019).
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6. CONCLUSION

Tuberculosis remains a major global health concern, and its co-occurrence with diabetes mellitus exhibits a bidirectional
relationship, amplifying the magnitude of each condition. This study aimed to determine the prevalence of diabetes mellitus
among individuals newly diagnosed with tuberculosis. The study enrolled 152 patients, with 33 identified as diabetic and
119 as non-diabetic. The findings revealed that the diabetic group exhibited a higher prevalence of advanced age, male
gender, pulmonary tuberculosis, and sputum positivity. The study reported a 21.7% prevalence of diabetes among newly
diagnosed tuberculosis patients, underscoring the significance of the bidirectional association between diabetes and
tuberculosis. This association emphasizes the importance of future screening efforts to develop early and appropriate
preventive and therapeutic strategies for these patients. The study highlights the need for comprehensive management
approaches that address both tuberculosis and diabetes simultaneously, to improve patient outcomes and public health
overall.
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