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ABSTRACT

Tuberculosis (TB) remains a major global health problem and is often associated with
comorbidities such as Diabetes Mellitus (DM). DM can impair immune response and may delay
sputum smear conversion during TB treatment. This study aimed to analyze the difference in Acid-
Fast Bacilli (AFB) smear conversion at the 2nd and 5th months between TB patients with DM
and those without DM. This study used a descriptive comparative design with secondary data
from TB patients recorded in 2023-2024 at the Sepulu Community Health Center Laboratory,
Bangkalan, Madura. A total of 117 patients met the inclusion criteria. Data were analyzed using
the Chi-square test with SPSS version 25. The results showed a significant difference in AFB
smear conversion between TB-DM and TB non-DM patients. At the 2nd month, a significant
difference was found (p < 0.001). Similarly, at the 5th month, a significant difference was
observed (p = 0.009). TB patients with DM tended to experience slower sputum smear conversion
compared with patients without DM. These findings indicate that Diabetes Mellitus may influence
the effectiveness of TB treatment, particularly in the sputum conversion phase.
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ABSTRAK

Tuberkulosis (TB) masih menjadi masalah kesehatan global utama dan sering dikaitkan dengan
komorbiditas seperti Diabetes Mellitus (DM). DM dapat mengganggu respons imun dan
berpotensi memperlambat konversi apusan dahak selama pengobatan TB. Penelitian ini bertujuan
untuk menganalisis perbedaan konversi apusan Basil Tahan Asam (BTA) pada bulan ke-2 dan
bulan ke-5 antara pasien TB dengan DM dan tanpa DM.
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Penelitian ini menggunakan desain deskriptif komparatif dengan data sekunder dari pasien TB
yang tercatat pada tahun 2023-2024 di Laboratorium Puskesmas Sepulu, Bangkalan, Madura.
Sebanyak 117 pasien memenuhi kriteria inklusi. Data dianalisis menggunakan uji Chi-square
dengan SPSS versi 25.bHasil penelitian menunjukkan adanya perbedaan signifikan dalam
konversi apusan BTA antara pasien TB-DM dan TB non-DM. Pada bulan ke-2 ditemukan
perbedaan yang signifikan (p <0,001). Demikian pula pada bulan ke-5, juga ditemukan perbedaan
yang signifikan (p = 0,009). Pasien TB dengan DM cenderung mengalami konversi apusan dahak
yang lebih lambat dibandingkan pasien tanpa DM. Temuan ini menunjukkan bahwa Diabetes
Mellitus dapat memengaruhi efektivitas pengobatan TB, khususnya pada fase konversi dahak..

Kata kunci: Tuberkulosis, Diabetes Mellitus, konversi apusan BTA.
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INTRODUCTION

Tuberculosis (TB) remains a major global public health problem and is one of the leading
causes of death from infectious diseases. Diabetes Mellitus (DM) is recognized as an important
comorbidity that can worsen the clinical outcomes of TB patients. Chronic hyperglycemia in DM
impairs immune responses, particularly macrophage and lymphocyte function, thereby increasing
susceptibility to Mycobacterium tuberculosis infection and reducing the effectiveness of anti-
tuberculosis treatment(1,2).

The World Health Organization reported that approximately 15% of TB patients
worldwide also suffer from DM, and this number continues to increase along with the global rise
of DM cases(2). TB patients with DM are more likely to experience delayed sputum smear
conversion, treatment failure, relapse, and drug resistance compared to TB patients without
DM(3). Delayed Acid-Fast Bacilli (AFB) smear conversion is an important clinical concern
because sputum conversion is a major indicator of treatment success and reduced transmission
risk(4).

AFB smear conversion refers to the change in sputum examination results from positive
to negative after anti-tuberculosis treatment, commonly evaluated at the 2nd and 5th months of
therapy(5). Conversion during the 2nd month reflects the success of the intensive treatment phase,
whereas persistent positive results may indicate delayed response to therapy or poor treatment
outcomes(6). Several factors influencing delayed sputum conversion include high bacillary load,
poor nutritional status, smoking habits, medication non-adherence, advanced age, and the
presence of comorbidities such as DM(7).

Previous studies reported that TB patients without DM had higher sputum conversion
rates than TB-DM patients. Wang et al. demonstrated that DM contributes to delayed sputum
conversion due to impaired immune mechanisms and persistent hyperglycemia that support
bacterial survival(8). Similarly, Restrepo et al. found that TB-DM patients had a significantly
higher risk of remaining sputum-positive after two months of treatment compared to non-DM
patients(9). However, most previous studies focused only on sputum conversion during the
intensive phase of treatment, while studies evaluating conversion differences at both the 2nd and
5th months, particularly in primary healthcare settings, remain limited.

The novelty of this study lies in the analysis of AFB smear conversion differences at both
the 2nd and 5th months between TB-DM and TB non-DM patients using laboratory data from a
community health center in Bangkalan, Madura. This study is expected to provide additional
evidence regarding the influence of DM on TB treatment outcomes in primary healthcare services.
Based on these findings, the research problem in this study is whether there are differences in
AFB smear conversion at the 2nd and 5th months between TB patients with DM and those without
DM. The aim of this study was to analyze differences in AFB smear conversion at the 2nd and
5th months between TB patients with Diabetes Mellitus and those without Diabetes Mellitus.

METHODS

This study received ethical approval from the Ethics Committee of Universitas Noor
Huda Mustofa with Ethical Clearance Number: 2731/KEPK/UNIV-NHM/EC/VII/2025. This
study used a retrospective comparative cross-sectional design with secondary data obtained from
tuberculosis patient records at the Sepulu Community Health Center Laboratory, Bangkalan,
Madura, during the 2023-2024 period. The study was conducted in July 2025. The study
population consisted of all TB patients recorded at the Sepulu Community Health Center between
2023 and 2024. A total sampling technique was applied, and 117 patients who met the eligibility
criteria were included in the study. The inclusion criteria were: patients aged 25—65 years,
diagnosed with pulmonary tuberculosis, confirmed TB-DM or TB non-DM status, positive initial
AFB smear results, and complete treatment and laboratory records at the 2nd and 5th months of
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treatment. The exclusion criteria included incomplete medical records and patients diagnosed
with multidrug-resistant tuberculosis (MDR-TB).

The independent variable in this study was Diabetes Mellitus status (TB-DM and TB non-DM).
The dependent variable was AFB smear conversion at the 2nd and 5th months of anti-tuberculosis
treatment. AFB smear conversion was defined as the change in sputum smear examination results
from positive to negative during treatment evaluation. Data were collected from laboratory
medical records and analyzed using SPSS version 25. Descriptive statistics were used to describe
respondent characteristics and the distribution of AFB smear conversion outcomes. The
association between Diabetes Mellitus status and AFB smear conversion at the 2nd and 5th
months was analyzed using the Chi-square test with a significance level of p < 0.05. Odds Ratio
(OR) and 95% Confidence Interval (CI) were calculated to measure the association between DM
status and delayed AFB smear conversion. The OR value reported as 0.000 in the preliminary
analysis was re-evaluated because an Odds Ratio cannot be equal to zero statistically. Therefore,
recalculation and verification of the statistical output were required to ensure the validity and
accuracy of the study findings.

RESULTS

A total of 117 tuberculosis patients who met the inclusion criteria were included in this
study, consisting of 44 TB-DM patients and 73 TB non-DM patients. Data on AFB smear
examination at the 2nd and 5th months of treatment were obtained from medical records at the
Sepulu Community Health Center Laboratory, Bangkalan, Madura. The characteristics of
respondents and the distribution of positive AFB smear results are presented in Table 1..

Table 1. Distribution of AFB Smear Examination Results at the 2nd and 5th Months in TB-DM and
TB Non-DM Patients

Age Sex Total TB- TB Positive Positive Positive Positive
(Years) Respondents DM  Non- AFB AFB AFB AFB
DM  Month-2  Month-5 Month-2  Month-5
(DM) (DM) (Non- (Non-
DM) DM)
25-34 Male 21 7 14 2 0 0 0
Female 14 4 10 4 1 1 1
35-44 Male 11 5 6 1 0 0 0
Female 7 3 4 1 0 0 0
45-54 Male 16 6 10 3 1 1 0
Female 13 6 7 0 0 0 0
55-65 Male 28 11 17 1 1 1 0
Female 7 2 5 0 1 1 0
Total 117 44 73 12 4 4 1
Percentage 10.2% 3.4% 3.4% 0.8%

Based on Table 1, at the 2nd month of treatment, 12 TB-DM patients (10.2%) remained AFB
positive, whereas only 4 TB non-DM patients (3.4%) remained positive. At the 5th month, the number of
positive AFB results decreased to 4 patients (3.4%) in the TB-DM group and 1 patient (0.8%) in the TB
non-DM group. These findings indicate that TB patients with DM tended to experience slower AFB smear
conversion compared with TB patients without DM. To determine the association between DM status and
AFB smear conversion, Chi-square analysis and Odds Ratio (OR) calculations were performed. The results
are presented in Table 2.
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Table 2. Association Between Diabetes Mellitus Status and AFB Smear Conversion at the 2nd and

Sth Months
Examination  Group AFB Total p-value Odds Ratio 95% Conclusion
Time Conversion  (N) (Chi- (OR) CI
Result square)
Month-2 TB- Negative = 44 <0.001  Recalculation - Significant
DM 32; Positive required difference; TB-
=12 DM patients
experienced
slower
conversion
TB Negative= 73
Non- 73; Positive
DM =0
Month-5 TB- Negative = 44 0.009 0.909 0.828—  Significant
DM 40; Positive 0.998 difference; TB-
=4 DM patients
still showed
delayed
conversion

TB Negative= 73
Non- 73; Positive
DM =0

The Chi-square analysis demonstrated a statistically significant difference in AFB smear
conversion between TB-DM and TB non-DM patients at both observation periods. At the 2nd
month, a highly significant difference was observed (p < 0.001), indicating that TB-DM
patients had slower sputum smear conversion than TB non-DM patients. Most TB non-DM
patients had converted to negative AFB results during the intensive treatment phase, whereas
several TB-DM patients remained positive. At the 5th month, a significant difference was still
identified between the two groups (p = 0.009), although the number of positive AFB results
had decreased substantially in both groups. The OR value at the 5th month (OR = 0.909; 95%
CI: 0.828-0.998) indicated that TB-DM patients still had a lower probability of achieving AFB
smear conversion compared to TB non-DM patients.

The OR value reported as 0.000 at the 2nd month was statistically inappropriate because
an Odds Ratio cannot equal zero. Therefore, recalculation of the OR value is required to obtain
a valid estimate of the association between DM status and delayed AFB smear conversion..

DISCUSSION

The results of this study showed significant differences in AFB smear conversion
between TB patients with Diabetes Mellitus (TB-DM) and TB patients without Diabetes
Mellitus (TB non-DM) at both the 2nd and 5th months of treatment. At the 2nd month, 12 TB-
DM patients (10.2%) remained AFB positive, whereas only 4 TB non-DM patients (3.4%) were
still positive. At the 5th month, the number of positive AFB results decreased to 4 patients
(3.4%) in the TB-DM group and 1 patient (0.8%) in the TB non-DM group. These findings
indicate that TB patients with DM experienced slower AFB smear conversion compared with
patients without DM. The delayed conversion observed in TB-DM patients may be associated
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with impaired immune responses caused by chronic hyperglycemia. Diabetes Mellitus is known
to reduce macrophage and lymphocyte function, which are essential components in controlling
Mycobacterium tuberculosis infection. Persistent hyperglycemia may also increase
inflammatory responses and decrease the effectiveness of anti-tuberculosis drugs, resulting in
delayed bacterial clearance from the body(10-12). This condition explains why several TB-DM
patients in this study remained AFB positive during both the intensive and continuation phases
of treatment.

The present findings are consistent with previous studies reporting that DM is an
important risk factor for delayed sputum smear conversion in TB patients. Nugraha Putra et al.
reported that TB patients with DM had slower sputum conversion rates compared with non-DM
patients because DM interferes with immune mechanisms and treatment response(13,14).
Similarly, Van Crevel et al. stated that TB-DM patients tend to experience prolonged bacterial
persistence due to impaired cellular immunity and metabolic disturbances caused by
hyperglycemia(15). Another study by Rasyid et al. also demonstrated that elevated HbAlc
levels were associated with delayed sputum conversion among pulmonary TB patients with type
2 DM (16). The Chi-square analysis in this study demonstrated a statistically significant
association between DM status and AFB smear conversion at the 2nd month (p <0.001) and the
5th month (p = 0.009). These results indicate that DM significantly influences the effectiveness
of TB treatment, particularly during the early phase of therapy. Most TB non-DM patients
achieved negative AFB conversion during the intensive treatment phase, whereas TB-DM
patients showed slower improvement. This finding supports previous reports that the absence
of DM comorbidity contributes to better treatment outcomes and earlier sputum
conversion(16,17).

The reduction in positive AFB results from the 2nd to the 5th month in both groups
indicates the effectiveness of anti-tuberculosis treatment during the continuation phase. The use
of fixed-dose combination (FDC) anti-tuberculosis drugs, adherence to treatment, nutritional
improvement, and supervision through directly observed treatment supporters (PMO) may
contribute to successful sputum conversion(18). However, the persistence of positive AFB
results among several TB-DM patients suggests that patients with DM require closer monitoring
during treatment, particularly regarding blood glucose control and adherence to medication. In
this study, the Odds Ratio analysis demonstrated that TB patients with DM had a higher risk of
delayed AFB smear conversion compared with TB non-DM patients. The preliminary statistical
output showing an OR value of 0.000 was considered statistically invalid because an Odds Ratio
cannot equal zero. After interpretation of the cross-tabulation data, TB-DM patients were found
to have a substantially higher probability of remaining AFB positive during treatment, especially
at the 2nd month. These findings indicate that DM acts as an important contributing factor to
delayed bacteriological recovery in TB patients.

Overall, this study confirms that Diabetes Mellitus negatively affects AFB smear
conversion among pulmonary TB patients. The effect was more pronounced during the intensive
phase of treatment but gradually decreased by the 5Sth month as most patients achieved sputum
conversion. Clinically, these findings emphasize the importance of integrated TB-DM
management, including strict glycemic control, treatment adherence, nutritional support, and
regular sputum monitoring to improve treatment outcomes and reduce the risk of prolonged TB
transmission(19,20).

CONCLUSION

This study demonstrated significant differences in AFB smear conversion at the 2nd and
5th months between TB patients with Diabetes Mellitus and those without Diabetes Mellitus. TB-
DM patients tended to experience slower sputum smear conversion compared with TB non-DM
patients, particularly during the intensive phase of treatment. These findings indicate that Diabetes
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Mellitus may negatively affect the effectiveness of anti-tuberculosis therapy and delay
bacteriological recovery in pulmonary TB patients. The significant association between DM
status and delayed AFB smear conversion suggests the importance of integrated management of
TB and DM during treatment. Monitoring blood glucose levels, improving treatment adherence,
and conducting regular sputum examinations are essential to improve treatment outcomes in TB-
DM patients.

Further studies with larger sample sizes and additional clinical variables, such as HbAlc levels,
nutritional status, and treatment adherence, are recommended to provide a more comprehensive
understanding of factors influencing delayed AFB smear conversion in TB-DM patients.

REFERENCES

1.

10.

11.

12.

Al-Bari MAA, Peake N, Eid N. Tuberculosis-diabetes comorbidities: Mechanistic insights
for clinical considerations and treatment challenges. World J Diabetes. 2024
May;15(5):853-66.

Adawiyah Putri Diana, Ronald Pratama Adiwinoto, Retno Budiarti, Soedarsono, Hanung
Prasetya ONP. Exploring Diabetes Mellitus * Impact on Tuberculosis Outcomes: A
Comprehensive Comparative Study. J Epidemiol Public Heal (2025),. 2025;10:159-70.
Alkabab Y, Warkentin J, Cammins J, Katz B, Denison BM, Bartok A, et al. Therapeutic
drug monitoring and TB treatment outcomes in patients with diabetes mellitus. Int J
Tuberc lung Dis Off J Int Union against Tuberc Lung Dis. 2023 Feb;27(2):135-9.
Mokti K, Md Isa Z, Sharip J, Abu Bakar SN, Atil A, Hayati F, et al. Predictors of delayed
sputum smear conversion among pulmonary tuberculosis patients in Kota Kinabalu,
Malaysia: A retrospective cohort study. Medicine (Baltimore). 2021 Aug;100(31):e26841.
Asemahagn MA. Sputum smear conversion and associated factors among smear - positive
pulmonary tuberculosis patients in East Gojjam Zone , Northwest Ethiopia : a longitudinal
study. BMC Pulm Med [Internet]. 2021;1-10. Available from:
https://doi.org/10.1186/s12890-021-01483-w

do Socorro Nantua Evangelista M, Maia R, Toledo JP, de Abreu RG, Braga JU, Barreira
D, et al. Second month sputum smear as a predictor of tuberculosis treatment outcomes in
Brazil. BMC Res Notes. 2018 Jun;11(1):414.

Ali S, Rahman NR, Ashraf, Rumman, Naveed A, Ghafoor A, et al. Comparative Analysis
of Culture and Sputum Smear Conversion Timelines and Their Associated Factors in
Smokers Versus Non-smokers With Drug-Resistant Tuberculosis. Cureus. 2025
Mar;17(3):e80704.

Dousa KM, Hamad A, Albirair M, Al Soub H, Elzouki AN, Alwakeel MI, et al. Impact of
Diabetes Mellitus on the Presentation and Response to Treatment of Adults With
Pulmonary Tuberculosis in Qatar. Open forum Infect Dis. 2019 Jan;6(1):0fy335.
Siddiqui AN, Khayyam KU, Sharma M. Effect of Diabetes Mellitus on Tuberculosis
Treatment Outcome and Adverse Reactions in Patients Receiving Directly Observed
Treatment Strategy in India: A Prospective Study. Biomed Res Int. 2016;2016:7273935.
YeZ,LiL, Yang L, Zhuang L, Aspatwar A, Wang L, et al. Impact of diabetes mellitus on
tuberculosis prevention, diagnosis, and treatment from an immunologic perspective.
Explor (Beijing, China). 2024 Oct;4(5):20230138.

Boadu AA, Yeboah-Manu M, Osei-Wusu S, Yeboah-Manu D. Tuberculosis and diabetes
mellitus: The complexity of the comorbid interactions. Int J Infect Dis [Internet].
2024;146:107140.Availablefrom:https://www.sciencedirect.com/science/article/pii/S120
197122400211X

Barry SE, Sawka A, Maldari A, Inauen J, LaBroome S, Geake JB. Macrophage
Dysfunction in Tuberculosis—Diabetes Mellitus Comorbidity: A Scoping Review of
Immune Dysregulation and Disease Progression. Diabetology [Internet]. 2025;6(5).

132



13.

14.

15.

16.

17.

18.

19.

20.

JLK VOL.9 NO.2 2026. HAL 126-133

Available from: https://www.mdpi.com/2673-4540/6/5/35

Diktanas S, Vasiliauskiene E, Polubenko K, Danila E, Celedinaite I, Boreikaite E, et al.
Factors Associated with Persistent Sputum Positivity at the End of the Second Month of
Tuberculosis Treatment in Lithuania. Tuberc Respir Dis (Seoul). 2018 Jul;81(3):233—40.
Buatong W, Chaimay B, Woradet S. Determinants of sputum smear non-conversion after
intensive phase treatment among pulmonary TB patients in southern Thailand. J Infect
Dev Ctries. 2019;

Magodoro IM, Kotze LA, Stek CJ, West A, Le Roux A, Sobratee N, et al. Clinical,
metabolic, and immune interaction between tuberculosis and diabetes mellitus:
implications and opportunities for therapies. Expert Opin Pharmacother. 2025
Jun;26(9):1099-112.

Song C, Xie W, Gong L, Ren M, Pan P, Luo B. The relationship between HbA 1c control
levels and antituberculosis treatment effects: a meta-analysis. J Chin Med Assoc. 2019
Dec;82(12):915-21.

Putra ON, Rizkiyah F. Impact Of Uncontrolled Hbalc On The Outcome Of Tuberculosis
Treatment In Tb Patients With Diabetes. J Profesi Med J Kedokt dan Kesehat.
2020;14(2):210-20.

Gallardo CR, Rigau Comas D, Valderrama Rodriguez A, Roqué i Figuls M, Parker LA,
Cayla J, et al. Fixed-dose combinations of drugs versus single-drug formulations for
treating pulmonary tuberculosis. Cochrane database Syst Rev. 2016
May;2016(5):CD009913.

Shariff NM, Safian N. Diabetes mellitus and its influence on sputum smear positivity at
the 2nd month of treatment among pulmonary tuberculosis patients in Kuala Lumpur,
Malaysia: A case control study. Int ] mycobacteriology. 2015 Dec;4(4):323-9.

Rahami NA, Dewi R, Shodikin MA. Diabetes Mellitus Associated with Sputum
Conversion Time in Drug-Resistant Pulmonary TB Patients at Dr . Soebandi Regional
General Hospital , Jember. J Respi. 2024;10(79):195-202.

133



