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ABSTRACT: 

Background: India has the highest tuberculosis (TB) burden and a growing burden of diabetes mellitus (DM), which worsens TB 

outcomes. Sub-district TB-DM data from Bundelkhand are scarce. 

Aims and Objective: To estimate the prevalence of documented DM among adult TB patients at two tuberculosis units (TUs) of 

Jhansi district and to identify associated factors and treatment outcomes. 

Materials and Methods: This record-based retrospective cohort study included 259 eligible adult TB patients notified on the Ni-

kshay portal at Badagaon (n=121) and Chirgaon (n=138) TUs between March 2023 and May 2024. Data were analysed using chi-

square/Fisher’s exact tests and Firth penalised logistic regression. 

Results: Mean age was 40.8±15.1 years; 68.3% were males, 86.1% rural and 54.1% underweight. The prevalence of documented 

DM was 6.9% (18/259; 95% CI 4.4–10.7); all cases were previously known type 2 DM. On bivariate analysis, DM was associated 

with age (15.5% at 40–59 years; p<0.001), lower education and unskilled occupation; in the Firth model, only age ≥40 years 

remained associated (adjusted OR 10.38; 95% CI 2.29–99.69). Treatment success was 97.7%. Crude case fatality was higher with 

documented DM (22.2% vs 0.4%), but was based on only five deaths and not adjusted for confounding. 

Conclusion: About one in fourteen adult TB patients had documented DM, concentrated among those aged ≥40 years; the true 

prevalence may be higher because undiagnosed DM may have been missed. Bidirectional screening with confirmatory glycaemic 

testing should be strengthened. 
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INTRODUCTION: 

uberculosis (TB) remains the leading infectious cause of 

death worldwide; an estimated 10.8 million people 

developed TB in 2023, and India accounts for about a quarter 

of this burden.[1,2] India also has a rapidly rising burden of 

diabetes mellitus (DM), with an estimated 74.2 million adults 

with diabetes in 2021, about half of them undiagnosed, and a 

national prevalence of 11.4%.[3,4] 

 

DM increases the risk of active TB about three-fold by 

impairing cell-mediated immunity, and is associated with 

delayed sputum conversion, treatment failure, relapse and 

death.[5–8] The prevalence of DM among TB patients is 

estimated at 15.3% worldwide and 21% in South Asia, with 

Indian estimates ranging from 5% to 66%.[9,10] India’s 

National Framework for Joint TB-Diabetes Collaborative 

Activities therefore recommends screening every notified TB 

patient for DM, recorded on the Ni-kshay portal under the 

National Tuberculosis Elimination Programme (NTEP).[11] 

 

Most Indian TB-DM evidence comes from tertiary-care 

centres and southern states; programme-based studies from 

northern and central India are few,[12–15] and no sub-district 

data were found for the largely rural and socioeconomically 

disadvantaged Bundelkhand region of Uttar Pradesh. 

 

Aim and Objectives: 

Aim:  

 This study aimed to find out how common 

documented DM is among adult TB patients under 

routine programme conditions at the tuberculosis unit 

level in Jhansi district, Uttar Pradesh. 

Objective:  

 To estimate the prevalence of documented DM 

among adult TB patients at the Badagaon and 

Chirgaon tuberculosis units. 

 To identify the sociodemographic and clinical factors 

associated with DM. 

 To compare treatment outcomes, including case 

fatality, between TB patients with and without DM. 

MATERIALS AND METHODS: 

Study design and setting: 

This was a record-based retrospective cohort study, with 

cross-sectional assessment of baseline DM prevalence and 

retrospective ascertainment of end-of-treatment outcomes, 

reported according to the STROBE guidelines. It was 

conducted at the Badagaon and Chirgaon tuberculosis units 

(TUs) of Jhansi district, located at Community Health Centres 

serving predominantly rural populations of 194,296 and 

177,000, respectively. The TUs were selected purposively for 

their patient load and feasibility of record access. 

 

Study population and sampling: 

All TB patients aged ≥18 years diagnosed and notified at the 

two TUs between March 2023 and May 2024 were eligible, 

irrespective of sex, site of disease or treatment history. After 

excluding eight patients aged <18 years, 279 adult records 

were extracted; a further 20 were excluded on verification 

(notification date outside the study period, 18; recorded age 17 

years, 2), leaving 259 patients (Badagaon 121; Chirgaon 138). 

All eligible patients were included; the achieved sample was 

smaller than the initially estimated 366 (expected DM 

prevalence 39%,[12] 5% absolute precision, 95% confidence), 

which reduced precision. 

 

Data sources and variables: 

With permission from the District Tuberculosis Officer, 

Jhansi, data were extracted from the Ni-kshay portal and TB 

notification, treatment and laboratory register using a pretested 

semi-structured proforma. Variables included 

sociodemographic characteristics, alcohol use, body mass 

index (BMI) at diagnosis, TB category, site, drug-resistance 

pattern, comorbidities, Ni-kshay Mitra support, treatment 

outcome and recorded cause of death. The latest recorded 

outcome date was January 2025, so all participants could 

reach a final outcome. Records were cross-checked between 

the portal and registers, double-entered and de-identified 

before analysis. 

 

Operational definitions: 

Under NTEP, notified TB patients are screened for DM by 

capillary blood glucose. DM status was ascertained only from 

records; no glucose testing was performed by the 

investigators. Documented DM (TB-DM) was defined as 

previously diagnosed DM recorded in the Ni-kshay portal or 

facility records (a recorded diagnosis or anti-diabetic 

medication). Individual glucose values were not recorded, so 

prevalence refers to documented, not necessarily true, DM. 

BMI was categorised using Asian cut-offs.[16] TB category, 

site, drug resistance and treatment outcomes followed NTEP 

definitions; cured and treatment completed were combined as 

treatment success. 

 

Statistical analysis: 

Data were analysed using IBM SPSS Statistics version 26.0. 

Prevalence was reported with a Wilson 95% confidence 

interval (CI). Associations were assessed using Pearson’s chi-

square, likelihood-ratio chi-square or Fisher’s exact test, and 

mean age using Welch’s t-test. Variables with bivariate p<0.1 

and estimable odds ratios were entered into an exploratory 

Firth penalised logistic regression model. A p-value <0.05 was 

considered significant. 

T 
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RESULTS: 

Characteristics of the study participants 

The mean age was 40.8 ± 15.1 years; 68.3% were males, 

86.1% rural, 81.5% married and 46.3% unskilled workers. 

Most had new TB (94.6%) and bacteriologically confirmed 

pulmonary TB (86.5%); abdominal (42.9%) and pleural 

(20.0%) TB were the commonest of 35 extrapulmonary cases. 

Drug-resistant TB was found in 14 (5.4%) patients, 13 of them 

at Chirgaon. Over half (54.1%) were underweight, 22.8% used 

alcohol and 18.1% had COPD/asthma (Table 1). Only nine 

(3.5%) received Ni-kshay Mitra support. According to 

aggregate TU records, 287 of 1,430 presumptive TB patients 

of all ages examined (20.1%) were diagnosed with TB (Table 

2). 

 

Prevalence of documented diabetes mellitus: 

Documented DM was recorded in 18 of 259 patients (6.9%; 

95% CI 4.4–10.7): 6.6% at Badagaon and 7.2% at Chirgaon. 

DM status was recorded for all patients, but screening test 

results were not, so screening completeness could not be 

verified. All 18 had previously known type 2 DM and new, 

bacteriologically confirmed, drug-sensitive pulmonary TB; no 

newly diagnosed DM was documented. TB-DM patients were 

older than those without DM (48.9 ± 7.6 vs 40.2 ± 15.3 years; 

p<0.001). 

 

Factors associated with TB-DM: 

DM prevalence was 0% below 20 years, 0.9% at 20–39 years, 

15.5% at 40–59 years and 6.3% at 60–79 years (p<0.001). DM 

was more common among patients educated below 

intermediate level (cOR 3.90, 95% CI 1.25–12.19) and 

unskilled workers (cOR 4.46, 95% CI 1.43–13.94). All TB-

DM patients were married (p=0.030), a crude difference likely 

reflecting age. Sex, residence, caste, religion, BMI, alcohol 

use, COPD/asthma and hypertension were not associated with 

DM, and no extrapulmonary or previously treated patient had 

DM. In the Firth model, only age ≥40 years remained 

associated with DM (aOR 10.38, 95% CI 2.29–99.69), 

although imprecisely; the conventional model gave similar 

conclusions (Table 1). In a sensitivity analysis of all 279 

extracted records, prevalence was 7.2% (95% CI 4.7–10.8) 

and age ≥40 years remained associated (Firth aOR 9.93). 

 

Treatment outcomes: 

Treatment success was 97.7% (253/259); five patients (1.9%) 

died and one was not evaluated. Crude case fatality was 22.2% 

(4/18) with TB-DM versus 0.4% (1/241) without DM 

(p<0.001; unadjusted risk ratio 53.6, 95% CI 6.3–454.5). The 

four deceased TB-DM patients were men aged 40–66 years 

with new, smear-positive pulmonary TB; two had 

COPD/asthma, one hypertension and two used alcohol. 

Recorded causes of death were respiratory failure (three) and 

coronary artery disease (one) (Table 3). 
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Table 1: Characteristics of adult tuberculosis patients and factors associated with documented diabetes mellitus (n=259) 

Variable / category 
Total 

n (%) 

TB-DM 

n (%)* 
p-value cOR (95% CI) 

Firth aOR (95% 

CI)† 

Age group (years) 

   18–19 15 (5.8) 0 (0.0) <0.001‡ NE – 

   20–39 113 (43.6) 1 (0.9)  1 (Ref) – 

   40–59 97 (37.5) 15 (15.5)  20.49 (2.65–158.22) – 

   60–79 32 (12.4) 2 (6.3)  7.47 (0.65–85.16) – 

   ≥80 2 (0.8) 0 (0.0)  NE – 

Age (dichotomised) 

   <40 years 128 (49.4) 1 (0.8) <0.001 1 (Ref) 1 (Ref) 

   ≥40 years 131 (50.6) 17 (13.0)  18.94 (2.48–144.57) 10.38 (2.29–99.69) 

Sex 

   Male 177 (68.3) 11 (6.2) 0.494 1 (Ref) – 

   Female 82 (31.7) 7 (8.5)  1.41 (0.53–3.78) – 

Residence 

   Rural 223 (86.1) 14 (6.3) 0.290§ 1 (Ref) – 

   Urban 36 (13.9) 4 (11.1)  1.87 (0.58–6.02) – 

Marital status 

   Married 211 (81.5) 18 (8.5) 0.030§ 1 (Ref) – 

   Unmarried 48 (18.5) 0 (0.0)  NE – 

Religion 

   Hindu 253 (97.7) 17 (6.7) 0.354§ 1 (Ref) – 

   Muslim 6 (2.3) 1 (16.7)  2.78 (0.31–25.13) – 

Caste category 

   General/OBC 140 (54.1) 10 (7.1) 0.895 1 (Ref) – 

   SC/ST 119 (45.9) 8 (6.7)  0.94 (0.36–2.46) – 

Education 

   Intermediate/graduate 131 (50.6) 4 (3.1) 0.013 1 (Ref) 1 (Ref) 

   Below intermediate 128 (49.4) 14 (10.9)  3.90 (1.25–12.19) 0.85 (0.22–3.63) 

Occupation 

   Others (skilled/semi-

professional/not working) 
139 (53.7) 4 (2.9) 0.006 1 (Ref) 1 (Ref) 

   Unskilled 120 (46.3) 14 (11.7)  4.46 (1.43–13.94) 2.57 (0.73–10.78) 

Body mass index (kg/m²) 

   Normal (18.5–22.9) 104 (40.2) 10 (9.6) 0.426‡ 1 (Ref) – 

   Underweight (<18.5) 140 (54.1) 7 (5.0)  0.49 (0.18–1.35) – 

   Overweight (23.0–24.9) 5 (1.9) 0 (0.0)  NE – 

   Obese (≥25.0) 10 (3.9) 1 (10.0)  1.04 (0.12–9.11) – 

Alcohol use 

   No 200 (77.2) 13 (6.5) 0.569§ 1 (Ref) – 

   Yes 59 (22.8) 5 (8.5)  1.33 (0.45–3.90) – 

COPD/asthma 

   No 212 (81.9) 13 (6.1) 0.337§ 1 (Ref) – 

   Yes 47 (18.1) 5 (10.6)  1.82 (0.62–5.39) – 

Hypertension 

   No 250 (96.5) 17 (6.8) 0.483§ 1 (Ref) – 

   Yes 9 (3.5) 1 (11.1)  1.71 (0.20–14.51) – 

Site of TB 

   Pulmonary 224 (86.5) 18 (8.0) 0.144§ 1 (Ref) – 

https://www.scientificpublications.in/index.php/ijmsar/index
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Variable / category 
Total 

n (%) 

TB-DM 

n (%)* 
p-value cOR (95% CI) 

Firth aOR (95% 

CI)† 

   Extrapulmonary 35 (13.5) 0 (0.0)  NE – 

TB category 

   New 245 (94.6) 18 (7.3) 0.608§ 1 (Ref) – 

   Previously treated 14 (5.4) 0 (0.0)  NE – 

   Total 259 (100) 18 (6.9)    

TB-DM: Tuberculosis with diabetes mellitus; cOR/aOR: Crude/adjusted odds ratio; CI: Confidence interval; Ref: Reference; NE: 

Not estimable (zero cell); OBC: Other backward class; SC/ST: Scheduled caste/scheduled tribe; COPD: Chronic obstructive 

pulmonary disease. p-values by Pearson’s chi-square test unless indicated. 

*Row percentage; †Firth penalised logistic regression including age, education and occupation (18 events; estimates imprecise); 

conventional aORs were 14.99 (1.83–122.64), 0.88 (0.21–3.65) and 2.80 (0.71–11.06), respectively; ‡Likelihood-ratio chi-square 

test; §Fisher’s exact test. 

 

Table 2: Programmatic indicators at the two tuberculosis units over the 15-month study period 

Indicator Badagaon TU Chirgaon TU Total 

Catchment and staffing 

   Population served 194,296 177,000 371,296 

   TB care staff: MO / LT / X-ray technician / 

pharmacist / STS 
2 / 2 / 1 / 2 / 0 1 / 1 / 0 / 0 / 1 3 / 3 / 1 / 2 / 1 

Case finding 

   Presumptive TB patients examined, n 675 755 1,430 

   Eligible adult TB patients included, n 121 138 259 

   Presumptive TB patients diagnosed with TB (all 

ages), n (%)* 
– – 287 (20.1) 

   Annualised presumptive TB examination rate (per 

100,000/year) 
277.9 341.2 308.1 

Case mix, n (% of included patients) 

   Extrapulmonary TB 15 (12.4) 20 (14.5) 35 (13.5) 

   Previously treated TB 1 (0.8) 13 (9.4) 14 (5.4) 

   Drug-resistant TB 1 (0.8) 13 (9.4) 14 (5.4) 

   TB with documented diabetes mellitus 8 (6.6) 10 (7.2) 18 (6.9) 

Patient support and outcome, n (% of included patients) 

   Supported by a Ni-kshay Mitra 2 (1.7) 7 (5.1) 9 (3.5) 

   Treatment success (cured/completed) 118 (97.5) 135 (97.8) 253 (97.7) 

TU: Tuberculosis unit; TB: Tuberculosis; MO: Medical officer; LT: Laboratory technician; STS: Senior treatment supervisor. 

Annualised rate = (number in 15 months ÷ population) × 100,000 × 12/15. *Aggregate all-age TU counts, not reconcilable record-

by-record with the eligibility-verified line list. 
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Table 3: Treatment outcomes by diabetes status, and profile of the deceased TB-DM patients 

A. Treatment outcomes by diabetes status 

Treatment outcome 

TB-DM 

(n=18) 

n (%) 

TB without DM 

(n=241) 

n (%) 

Total 

(n=259) 

n (%) 

   Treatment success (cured/completed) 14 (77.8) 239 (99.2) 253 (97.7) 

   Died 4 (22.2) 1 (0.4) 5 (1.9) 

   Not evaluated 0 (0.0) 1 (0.4) 1 (0.4) 

Crude case fatality: p<0.001*; unadjusted risk ratio 53.6 (95% CI 6.3–454.5) 

B. Profile of the deceased TB-DM patients (n=4) 

Case TU 

Age 

(years)/ 

sex 

Education/ 

occupation 

Alcohol 

use 
BMI category Other comorbidity 

Cause of death 

(as recorded) 

1 Badagaon 40/M 
High school/ auto 

driver 
Yes Underweight Hypertension 

Respiratory 

failure 

2 Badagaon 47/M 
High school/ 

farmer 
No Normal COPD/asthma 

Coronary artery 

disease 

3 Chirgaon 61/M 
Intermediate/ 

labourer 
No Normal COPD/asthma 

Respiratory 

failure 

4 Chirgaon 66/M Primary/ farmer Yes Normal None 
Respiratory 

failure 

TB-DM: Tuberculosis with diabetes mellitus; TU: Tuberculosis unit; BMI: Body mass index; COPD: Chronic obstructive 

pulmonary disease; M: Male; CI: Confidence interval. 

*Fisher’s exact test (died vs not died). Causes of death as recorded in programme records, not independently verified; unadjusted 

comparison based on five deaths. The single death without DM was a 50-year-old woman with new pulmonary TB and no 

recorded comorbidity. 

DISCUSSION: 

In this study from two TUs of the Bundelkhand region, about 

one in fourteen adult TB patients (6.9%) had documented DM, 

concentrated among those aged ≥40 years, and TB-DM 

patients had a markedly higher crude case fatality. 

 

This prevalence is lower than the pooled estimates of 15.3% 

worldwide and 21% in South Asia [9, 10] and then reports 

from southern India,[12,15] but comparable to the 8.5%–11% 

reported from a south Indian secondary-care hospital.[13] 

Several factors may explain this. First, all cases were 

previously known DM and screening results were not 

recorded; because about half of Indians with diabetes are 

undiagnosed,[3] undiagnosed DM may have been missed 

through capillary-only screening, lack of confirmatory fasting 

glucose or glycated haemoglobin (HbA1c) testing, or 

incomplete documentation. Second, our population was 

young, largely rural and undernourished; diabetes is less 

prevalent in rural India,[4] and undernutrition is a competing 

TB risk factor. Third, record-based designs under-report 

comorbidities. The true TB-DM burden is therefore probably 

higher, which argues for improving the quality, not merely the 

coverage, of bidirectional screening. 

 

Age was the strongest correlate of DM, consistent with studies 

from India, Bangladesh and Brunei and with systematic 

reviews.[12,17–19] The adjusted estimate was unstable, as 

only one DM case occurred below 40 years. The crude 

associations with lower education and unskilled occupation 

disappeared after adjustment, suggesting confounding by age, 

as older patients were less educated and more often in 

agricultural or unskilled work; the marital-status difference 

likewise reflects age. The non-significant urban excess agrees 

with India’s urban–rural diabetes gradient.[4] The lack of 

association with BMI should be interpreted cautiously, 

because weight loss in TB means BMI at diagnosis may not 

reflect pre-morbid adiposity. 

 

All TB-DM patients had pulmonary TB, consistent with DM 

predisposing to pulmonary, often cavitary, disease.[6] The 

higher crude case fatality with DM agrees in direction with 

meta-analyses (OR 1.88 and 1.74)[8,10] and Indian cohort 

data,[20] but its magnitude and very wide confidence interval 

reflect only five deaths. TB-DM patients were older, and 

several of the deceased had COPD/asthma, hypertension or 

alcohol use; residual confounding by age, comorbidity and 

unmeasured factors such as HIV status cannot be excluded, so 
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this finding is exploratory. None of the deceased had Ni-kshay 

Mitra support, but overall coverage was only 3.5%, so no 

inference can be drawn. Closer follow-up of TB-DM patients, 

including glycaemic monitoring, screening for cardiovascular 

and respiratory comorbidity and linkage to community 

support, is consistent with the national framework.[11] 

About one-fifth of presumptive TB patients examined were 

diagnosed with TB. The proportion of extrapulmonary TB 

(13.5%) was lower than the approximately 29% reported from 

a south Indian secondary-care hospital,[13] possibly reflecting 

limited extrapulmonary diagnostic facilities at the sub-district 

level. 

CONCLUSION: 

Documented DM was present in 6.9% of adult TB patients at 

two TUs of Jhansi district; all cases were previously known, 

suggesting that undiagnosed DM may be missed. Age ≥40 

years remained associated with documented DM after 

adjustment, although imprecisely. The higher crude case 

fatality with DM was based on five deaths and was 

unadjusted. Bidirectional TB-DM screening under NTEP 

should be strengthened with confirmatory glycaemic testing, 

particularly for patients aged ≥40 years, and prospective 

studies with standardised glycaemic assessment are needed. 
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