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Abstract

Tuberculosis is an infectious
disease that ranks among the top
ten causes of death worldwide.

The  high  incidence and
mortality rates of TB are
associated with diabetes
mellitus, an underlying
condition that increases

susceptibility to TB infection.
This study aims to identify
factors affecting the risk of
tuberculosis in patients with
type 2 diabetes mellitus. This
unmatched case-control study
was  conducted  at  ten
community health centers in

Medan. The sample size consisted of 64 cases and 64
controls, selected using purposive sampling. Data
collection was completed using questionnaires. The
collected data were analyzed using logistic regression
analysis. Study results suggested that factors significantly
affecting the risk of tuberculosis in patients with diabetes
mellitus were adherence to diabetes mellitus treatment
(OR: 3.194 (1.511-6.751); p=0.002), smoking (OR: 7.857
(3.551-17.384); p < 0.001), overweight (BMI >25 kg/m?)
(OR: 0.269 (0.118-0.613); p=0.002), and the use of masks
(OR: 0.427 (0.208-0.878); p=0.021). Smoking is the
strongest predictor of tuberculosis in patients with type 2
diabetes mellitus. Community health centers should
integrate smoking cessation campaigns into tuberculosis
prevention programs, provide nutritional interventions for
malnourished diabetes patients, assess and improve
adherence to diabetes treatment, and promote mask usage
among diabetes patients who have direct contact with
tuberculosis patients.
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Introduction

Pulmonary tuberculosis (TB) is an infectious disease that ranks among the top ten causes
of death globally (WHO, 2024b). In 2023, an estimated 10.8 million TB cases were reported
worldwide, up from 10.6 million cases in 2022 (WHO, 2024a). The increase in TB cases was
also reported in various countries around the world, including Indonesia, with an estimated
incidence of 969,000 cases and 144,000 deaths in 2022 (Kemenkes RI, 2023) and an increase to
1,090,000 cases in 2023 with an estimated 125,000 deaths (Kemenkes RI, 2024). The rising
prevalence of diabetes mellitus (DM) is an underlying condition contributing to TB incidence
and mortality. This is due to the higher susceptibility of diabetes patients to tuberculosis, with a
two to four times higher risk compared to non-diabetic individuals (Ngo et al., 2021). In 2020, it
is estimated that 370,000 new TB cases were caused by diabetes. Additionally, it is estimated
that over 15% of people with TB worldwide also have diabetes, compared to 9.3% in the general
adult population (2079 years old). This is equivalent to 1.5 million people with TB and diabetes
who require coordinated care and monitoring to optimize the management of both conditions
(WHO, 2025). In Indonesia, the prevalence of diabetes mellitus among TB patients varies but is
quite high, ranging from 5.4% to 44% (Mihardja et al., 2016).

Diabetes mellitus weakens the immune response, thereby inhibiting the elimination of
various types of pathogens, including Mycobacterium tuberculosis, from entering the body.
Consequently, identification and control of risk factors are essential to prevent tuberculosis
infection in patients with type 2 diabetes mellitus. Patients with diabetes and tuberculosis also
face a higher risk of mortality and relapse post-treatment, necessitating concurrent treatment to
enhance the effectiveness of care (Thong et al., 2025). In countries with high prevalence rates,
such as Indonesia, tuberculosis screening among diabetes patients is crucial for early detection of
tuberculosis cases (Maryuni, 2019).

Previous studies have shown that the incidence of TB in patients with type 2 diabetes is
associated with various factors such as sociodemographic factors (age, gender, and economic
status), behavioral and lifestyle factors (diet and physical activity), and clinical factors (Aditya
Nugraha et al., 2021). Maryuni (2019) found in her study that clinical factors such as treatment
adherence and duration of diabetes are associated with TB incidence because they increase
susceptibility to TB infection. Another study by Suwirda et al. (2025) explained that smoking
habits, including duration and dosage, affect the risk of TB in patients with type 2 diabetes
mellitus. Lower immunity is also suspected to be associated with nutritional status in patients
with type 2 diabetes mellitus. Underweight diabetes patients are reported to be at higher risk of
TB infection compared to those with normal nutritional status (Choi et al., 2021).
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Data shows that the burden of TB and diabetes mellitus is also high in Medan, a city with
the highest number of TB and DM cases in North Sumatra Province, with 15,722 TB cases and
43,825 DM cases in 2023 (Dinkes Provinsi Sumatera Utara, 2023). Findings from a preliminary
survey conducted at the Padang Bulan Selayang II Community Health Center in Medan, which
has the highest number of TB-DM patients (32 cases), indicate that most of these patients do not
regularly undergo health check-ups, had uncontrolled blood sugar levels (random blood sugar
>200 mg/dl and HbAlc >7%), were underweight (body mass index <18.5 kg/m?), and lived in
densely populated areas with poor hygiene. Additionally, smoking habits were also found among
TB-DM patients, particularly among adult men. Given the high incidence of TB-DM in Medan
and based on the findings of a preliminary survey, we are interested in identifying the factors
affecting the risk of TB infection in people with diabetes mellitus in Medan in order to provide a
scientific basis for the prevention of TB among diabetes patients.

Methods

This study used a quantitative method with an unmatched case-control design conducted
in Medan City from November 2024 to April 2025. The sample size was determined using
Statcalc Epi Info version 7.2.6.0, resulting in 64 respondents in each of the case and control
groups. Sampling was conducted at six community health centers with the highest number of
TB-DM cases and four community health centers with the lowest number of TB-DM cases in
Medan and was divided proportionally among each community health center to obtain a
representative sample. Samples were selected using purposive sampling, with the following
inclusion criteria for cases: (1) patients with type 2 diabetes mellitus with positive pulmonary TB
test results based on clinical, radiological, and/or microbiological tests (rapid molecular tests,
acid-fast bacilli tests, or sputum culture) that were fully recorded in medical records; (2) aged at
least 18 years; and (3) residing in the working area of the community health center where the
study was conducted, while the exclusion criteria were (1) patients with diabetes who have
completed TB treatment and have been discharged as cured and (2) respondents with severe
illness or poor general health. Meanwhile, the inclusion criteria for controls are (1) being aged at
least 18 years, (2) having complete medical records, (3) residing in the work area of the
community health center where the study was conducted, and (4) having received DM treatment
for at least one month, with the following exclusion criteria for controls: (1) respondents with
severe illness or poor general health and (2) respondents diagnosed with TB.

The dependent variable in this study was TB-DM status, which was determined based on
medical records and categorized into non-TB DM (control) and TB-DM (case), while the
independent variables were DM treatment adherence, smoking habits, body mass index (BMI),
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mask usage, and multivitamin consumption, as determined through interviews using
questionnaires. Diabetes mellitus treatment adherence was measured using the Morisky
Medication Adherence Scale 8-Item (MMAS 8-Item) questionnaire, which is valid and reliable.
The collected data were analyzed using logistic regression with a 95% confidence level or
statistically significant if p < 0.05.

Results
The results of the study based on data from 64 case samples and 64 control samples are
explained as follows.

Table 1. Respondent characteristics

Characteristics Cases Controls
n =64 %(=100) n =64 %(=100)
Age
<45 years 16 25.0 7 10.9
>45 years 48 75.0 57 89.1
Gender
Female 17 26.6 43 67.2
Male 47 73.4 21 32.8
Education
Elementary school 13 20.3 13 20.3
Junior high school 1 1.6 3 4.7
Senior high school 48 75.0 47 73.4
University 2 3.1 1 1.6

The information in Table 1 shows that most respondents in the case group (75%) and
control group (89.1%) were aged 45 years and above. Most respondents in the case group were
male (73.4%), while the control group was dominated by female respondents (67.2%).
Furthermore, the majority of respondents in the case group (75%) and control group (73.4%) had
a college education.

Table 2. Results of Simple Logistic Regression Analysis

Variable Cases Control OR p

n=64 % n=64 % (5% CI)

DM treatment adherence

Non-adherent 48 75.0 31 484 %

Adherent 16 250 33516 3.194 (1.511-6.751) 0.002
Smoking habits

Smoking 44  68.8 14 21.9 7.857 (3.551-17.384) <0.001*
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Non-smoking 20 313 50 78.1
Body mass index
Overweight (BMI>25 kg/m?) 11 172 30 469 0.269 (0.118-0.613)  0.002*
Underweight (IMT  <18.5 12.5 1 1.6  5.867(0.699-49.211) 0.103
kg/m?)
Normal 45 703 33 51.6
Masks usage
No 31 484 44  68.8 %
Yes 33516 20 313 0.427 (0.208-0.878)  0.021
Multivitamin consumption
No 51 797 41  64.1
Yes 13 203 23 359 2.201 (0.994-4.872) 0.052
*p<0.05

Table 2 shows that the factors significantly affecting the risk of tuberculosis in type 2
diabetes mellitus patients in Medan are adherence to diabetes treatment (p=0.002), smoking
(p<0.001), being overweight (p=0.002), and mask usage (p=0.021). The findings indicate that
type 2 diabetes patients who are non-adherent with treatment are 3.194 times (95% CI: 1.511—
6.751) more likely to develop tuberculosis compared to those who are adherent with treatment.
Type 2 diabetes patients who smoke also have a 7.857 (95% CI: 3.551-17.384) times higher risk
of developing tuberculosis compared to those who do not smoke. Conversely, type 2 diabetes
patients classified as overweight have a 0.269 (95% CI: 0.118-0.613) times lower risk of
developing tuberculosis compared to those with a normal body mass index. Type 2 diabetes
patients who did not wear masks when going out had a lower risk of 0.427 times (0.208—0.878)
of developing tuberculosis compared to those who wore masks.

Table 3. Results of Multivariate Logistic Regression Analysis

) 95% CI
Variable B p OR Tower Upper
Step 1* Smoking 2.061 <0.001 7.857 3.551 17.384
Constant -0.916 0.001 0.400
Step 2° Smoking 2.107 <0.001 8.222 3.517 19.216
Overweight -1.156 0.014 0.315 0.124 0.795
Underweight 2.235 0.048 9.351 1.015 86.105
Constant -0.714 0.028 0.490
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Based on the results of the multivariate logistic regression analysis in Table 3, it is known
that smoking is the strongest predictor of pulmonary tuberculosis in patients with type 2 diabetes
mellitus (p<0.001). Patients with type 2 diabetes who smoke have a risk up to 7.857 times (95%
CI: 3.551-17.384) higher of developing tuberculosis infection compared to those who do not
smoke.

Discussion

Research findings indicate that adherence to diabetes treatment significantly affects the
risk of pulmonary tuberculosis in people with diabetes. This is consistent with a study by
Fibriana et al. (2020), which suggests that there is a significant association between adherence to
diabetes treatment and tuberculosis infection in diabetes patients. Rumende (2018) also found
that non-adherence to antidiabetic medication is one of the risk factors for tuberculosis among
diabetes patients and is associated with a higher risk of developing MDR-TB (multi-drug
resistant tuberculosis). The study explains that adherence to antidiabetic medication can also
influence tuberculosis outcomes in diabetes patients. Poor adherence to antidiabetic medication
leads to uncontrolled blood sugar levels, which are associated with a weakened immune system,
thereby increasing susceptibility to various infections, including tuberculosis. If medication
adherence is not improved, this can worsen the health status of diabetes patients, making TB
transmission possible if there is direct contact with a TB patient.

Smoking was also found to be a major predictor of tuberculosis in patients with type 2
diabetes, with smokers having up to 7.8 times greater risk of tuberculosis infection than non-
smokers. Wagnew et al. (2018) also showed in their study that smoking was significantly
associated with TB incidence in patients with type 2 diabetes. Another study by Feldman et al.
(2024) also highlighted that both active and passive smoking are independent risk factors for TB
infection, reactivation of TB, development of primary TB, and TB-related mortality. Smoking is
one of the strongest predictors of tuberculosis in diabetes patients due to its direct effects on the
immune system and respiratory system. Chemical substances in cigarette smoke, such as nicotine
and carbon monoxide, have been shown to reduce alveolar macrophage activity, disrupt secretion
clearance on the tracheobronchial surface, and suppress cellular immune function, which plays a
crucial role in controlling Mycobacterium tuberculosis infection (Patra et al., 2014).

Based on the results of this study, it is also known that diabetes patients who are
classified as overweight have a significantly lower risk of developing tuberculosis compared to
those with a normal body mass index. Conversely, diabetes patients who are underweight have a
higher risk of developing tuberculosis compared to those with a normal body mass index,
although this is not significant. This is consistent with the study by Choi et al. (2021), who found
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that compared to diabetes patients with normal weight, underweight patients showed an
increased risk of TB incidence, while overweight patients showed a lower risk of TB. In the
study by Lonnroth et al. (2010), it was also explained that each one-unit increase in BMI is
associated with a 13.8% reduction in TB risk, meaning that the higher a person's BMI, the lower
their risk of developing TB, and vice versa. A low BMI reflects poor energy reserves and
nutritional status (malnutrition), which is associated with impaired cellular immune function,
such as macrophage dysfunction and cytokine production, as well as reduced ability to form
granulomas that can control latent TB infection. Conversely, while a high BMI is not an ideal
metabolic condition, it provides energy reserves and support for certain immune functions that
can inhibit the activation of latent TB into active TB (Cho et al., 2022).

The use of masks was also observed to affect pulmonary tuberculosis in patients with
diabetes mellitus (DM), but conversely, diabetes patients who did not wear masks while outside
had a lower risk of developing tuberculosis. This finding may be attributed to higher mask-
wearing awareness among diabetes patients with tuberculosis (cases) compared to those without
tuberculosis (controls), thereby empirically reducing the risk of tuberculosis. This is inconsistent
with the findings of Suwirda et al. (2025), who recommended mask use for diabetes patients in
contact with TB patients to reduce the risk of transmission. The World Health Organization
(WHO) also recommends mask use by at-risk or vulnerable populations and in high-risk settings
to prevent TB transmission (WHO, 2022).

Other research findings also suggest that there is no significant association between
multivitamin consumption and tuberculosis in patients with type 2 diabetes mellitus. The study
results indicate that the majority of respondents in both the case group (79.7%) and the control
group (64.1%) did not consume multivitamins, suggesting no difference in multivitamin
consumption between TB-DM patients and non-TB-DM patients. Therefore, multivitamin
consumption does not affect the risk of tuberculosis in diabetes patients. Previous studies have
found that individuals with vitamin D deficiency have a higher risk of developing active TB than
those with normal vitamin D levels (Zhao et al., 2017). TB and TB-DM patients have also been
reported to have lower serum vitamin D levels compared to healthy controls, suggesting that
vitamin D supplementation during TB treatment may enhance the response to TB treatment.
However, these findings are inconsistent across studies, potentially due to differences in patient
characteristics, TB categories, or the presence of other comorbidities (Wahiduddin et al., 2024).
As a result, vitamin D supplementation in TB or TB-DM patients is not yet widely
recommended. Micronutrients such as zinc, vitamins A, D, E, and C, and iron have also been
associated with improved immune responses in TB patients, particularly among those with
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malnutrition, suggesting that multivitamin and mineral supplementation may be beneficial for
improving clinical treatment outcomes (Patel et al., 2024).

Conclusion and Recommendation

Adherence to diabetes treatment, smoking, being overweight (BMI >25 kg/m?), and mask
use are significant factors affecting the risk of tuberculosis in patients with type 2 diabetes.
Smoking is the strongest predictor of tuberculosis in patients with type 2 diabetes. Community
health centers should integrate smoking cessation campaigns into diabetes control programs for
TB prevention. Screening should also be conducted routinely to assess medication adherence and
nutritional status in diabetes patients, enabling immediate improvements and nutritional
interventions to reduce the risk of tuberculosis in type 2 diabetes patients. Healthcare workers at
community health centers should also educate diabetes patients to wear masks when in contact
with tuberculosis patients to reduce the risk of transmission. Further research is recommended to
identify other factors that have not yet been studied by controlling for glycemic control,
immunological status, or socioeconomic factors.

www.ijhes.com


https://ijhes.com/index.php/ijhes
https://ijhes.com/index.php/ijhes
http://www.ijhes.com/

[Vol : 8 Issue : 7| July 2025] E-ISSN : 2410-5171 | P-ISSN 2415-1246

A - The International Journal of Health, Education and Social

IJHES)

A\ /=

References

Aditya Nugraha, 1. B., Gotera, W., & Yustin, W. E. F. (2021). Diabetes melitus sebagai faktor risiko
tuberkulosis. Jurnal Kedokteran Meditek, 27(3), 273-281.
https://doi.org/10.36452/jkdoktmeditek.v27i3.2126

Cho, S. H., Lee, H., Kwon, H., Shin, D. W., Joh, H.-K., Han, K., Park, J. H., & Cho, B. (2022).
Association of underweight status with the risk of tuberculosis: a nationwide population-
based cohort study. Scientific Reports, 12(1), 16207. https://doi.org/10.1038/s41598-022-
20550-8

Choi, H., Yoo, J. E., Han, K., Choi, W., Rhee, S. Y., Lee, H., & Shin, D. W. (2021). Body mass
index, diabetes, and risk of tuberculosis: A retrospective cohort study. Frontiers in Nutrition,
8(December), 1-11. https://doi.org/10.3389/fhut.2021.739766

Dinkes Provinsi Sumatera Utara. (2023). Profil Kesehatan Provinsi Sumatera Utara Tahun 2023.
https://dinkes.sumutprov.go.id/unduhan/downloadtile?id=2799

Feldman, C., Theron, A. J., Cholo, M. C., & Anderson, R. (2024). Cigarette smoking as a risk
factor for tuberculosis in adults: epidemiology and aspects of disease pathogenesis.
Pathogens, 13(2), 151. https://doi.org/10.3390/pathogens13020151

Fibriana, A. 1., Azam, M., Maryuni, S., Indrawati, F., Windraswara, R., & Turnbull, N. (2020).
Risk factors of pulmonary tuberculosis among diabetes mellitus patients: A case-control study
in Dr. Kariadi General Hospital, Semarang, Indonesia. Malaysian Journal of Public Health
Medicine, 20(2), 101-107. https://doi.org/10.37268/mjphm/vol.20/no.2/art.307

Kemenkes RI. (2023). Laporan Program Penanggulangan Tuberkulosis Tahun 2022.
https://tbindonesia.or.id/pustaka tbc/laporan-tahunan-program-tbc-2021/

Kemenkes RI. (2024). Laporan Program Penanggulangan Tuberkulosis Tahun 2023.
https://www .tbindonesia.or.id/pustaka---program-la/laporan-program-penanggulangan-tbc-2023/

Lonnroth, K., Williams, B. G., Cegielski, P., & Dye, C. (2010). A consistent log-linear relationship
between tuberculosis incidence and body mass index. International Journal of Epidemiology,
39(1), 149—-155. https://doi.org/10.1093/ije/dyp308

Maryuni, S. (2019). Faktor risiko kejadian tuberkulosis paru pada penderita diabetes melitus
(Studi  kasus di RSUP  Dr. Kariadi) [Universitas  Negeri  Semarang].
https://lib.unnes.ac.id/36377/

Mihardja, L., Lolong, D. B., & Ghani, L. (2016). Prevalensi diabetes melitus pada tuberkulosis dan
masalah terapi. Jurnal Ekologi Kesehatan, 14(4), 350-358.
https://doi.org/10.22435/jek.v14i4.4714.350-358

Ngo, M. D., Bartlett, S., & Ronacher, K. (2021). Diabetes-associated susceptibility to tuberculosis:

www.ijhes.com


https://ijhes.com/index.php/ijhes
https://ijhes.com/index.php/ijhes
http://www.ijhes.com/

10

[Vol : 8 Issue : 7| July 2025] E-ISSN : 2410-5171 | P-ISSN 2415-1246

A - The International Journal of Health, Education and Social

IJHES)

A\ /=

contribution of hyperglycemia vs. dyslipidemia. Microorganisms, 9(11), 2282.
https://doi.org/10.3390/microorganisms9112282

Patel, D. G., Baral, T., Kurian, S. J., Malakapogu, P., Saravu, K., & Miraj, S. S. (2024). Nutritional
status in patients with tuberculosis and diabetes mellitus: A comparative observational study.
Journal of Clinical Tuberculosis and Other Mycobacterial Diseases, 35(March 2024),
100428. https://doi.org/10.1016/j.jctube.2024.100428

Patra, J., Jha, P., Rehm, J., & Suraweera, W. (2014). Tobacco smoking, alcohol drinking, diabetes,
low body mass index and the risk of self-reported symptoms of active tuberculosis: individual
participant data (IPD) meta-analyses of 72,684 individuals in 14 high tuberculosis burden
countries. PLoS ONE, 9(5), €96433. https://doi.org/10.1371/journal.pone.0096433

Rumende, C. M. (2018). Risk factors for multidrug-resistant tuberculosis. Acta Med Indones-Indones J
Intern Med, 50(1), 1-2. https://www.actamedindones.org/index.php/ijim/article/view/785

Suwirda, C., Zakaria, R., Nurjannah, Zahara, M., & Rani, H. A. (2025). Risk factors for pulmonary
tuberculosis in diabetes mellitus patients. /ndonesian Journal of Global Health Research,
7(2), 235-248. https://doi.org/10.37287/ijghr.v214.250

Thong, P. M., Wong, Y. H., Kornfeld, H., Goletti, D., & Ong, C. W. M. (2025). Immune
dysregulation of diabetes in tuberculosis. Seminars in Immunology, 78, 101959.
https://doi.org/10.1016/j.smim.2025.101959

Wagnew, F., Eshetie, S., Alebel, A., Dessie, G., Tesema, C., & Abajobir, A. A. (2018). Meta-
analysis of the prevalence of tuberculosis in diabetic patients and its association with cigarette
smoking in African and Asian countries. BMC Research Notes, 11(1), 298.
https://doi.org/10.1186/s13104-018-3390-x

Wahiduddin, Pranoto, A., & Sudjarwo. (2024). Vitamin D deficiency in patients with type 2
diabetes mellitus with and without pulmonary tuberculosis. Journal of Public Health and
Pharmacy, 4(3), 246-253. https://doi.org/10.56338/jphp.v4i3.5976

WHO. (2022). WHO consolidated guidelines on tuberculosis. Module 1: Prevetion. Infection
prevention and control. https://iris.who.int/bitstream/handle/10665/362508/9789240055889-
eng.pdf?sequence=1

WHO. (2024a). Global Tuberculosis Report 2024. https://www.who.int/teams/global-programme-
on-tuberculosis-and-lung-health/tb-reports/global-tuberculosis-report-2024

WHO. (2024b). The top 10 causes of death. https://www.who.int/news-room/fact-sheets/detail/the-
top-10-causes-of-death

WHO. (2025). TB and diabetes. https://www.who.int/publications/digital/global-tuberculosis-
report-2021/featured-topics/tb-diabetes

Zhao, X., Yuan, Y., Lin, Y., Zhang, T., Ma, J., Kang, W., Bai, Y., Wang, Y., Shao, H., Dlodlo, R.

www.ijhes.com


https://ijhes.com/index.php/ijhes
https://ijhes.com/index.php/ijhes
http://www.ijhes.com/

11

[Vol : 8 Issue : 7| July 2025] E-ISSN : 2410-5171 | P-ISSN 2415-1246

A - The International Journal of Health, Education and Social

IJHES)

\/ v/ =

A., & Harries, A. D. (2017). Vitamin D status in tuberculosis patients with diabetes,
prediabetes and normal blood glucose in China: a cross-sectional study. BMJ Open, 7(9),
e017557. https://doi.org/10.1136/bmjopen-2017-017557

www.ijhes.com


https://ijhes.com/index.php/ijhes
https://ijhes.com/index.php/ijhes
http://www.ijhes.com/

