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Background/Aims: To determine whether metformin, which is considered a host-directed therapy for tuberculosis (TB), is 
effective in improving the prognosis of patients with TB and diabetes mellitus (DM), who have higher mortality than those 
without DM.
Methods: This cohort study included patients who were registered as having TB in the National Tuberculosis Surveillance 
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INTRODUCTION

Tuberculosis (TB), one of the leading causes of death world-
wide, had an estimated incidence of 10.6 million and a mor-
tality rate of 1.4 million in individuals without human immu-
nodeficiency virus (HIV) in 2021 [1]. Diabetes mellitus (DM) 
is more prevalent in patients with TB than in the general 
population and has a detrimental effect on the prognosis of 
patients with TB. The prevalence of DM is increasing as life-
style and dietary changes occur in low- and middle-income 
countries with a high TB prevalence. Thus, the prevalence of 
DM in patients with TB may also continuously increase [2]. 

Patients with TB and DM (TB–DM) have higher risks of 
treatment failure, mortality, and recurrence than do those 
with only TB [3,4]. Regarding mortality, Baker et al. [3] 
found that patients with TB–DM had a 1.89-times (risk ratio 
1.89, 95% confidence interval [CI] 1.52–2.36) higher risk of 
death than did those with only TB. Other studies reported 
a 6.5-times higher risk of death (odds ratio 6.5, 95% CI 
1.1–38.0) in patients with TB–DM than in those with only 
TB after covariate adjustment [4].

Host-directed therapy (HDT) has recently been suggested 
to mitigate the poor treatment outcomes of TB [5,6]. Specif-
ically, metformin, a drug commonly prescribed to patients 
with DM, is one of the promising candidates as a potential 
adjunctive agent for TB [7]. It reduces the blood glucose 
level by inhibiting hepatic gluconeogenesis, decreasing glu-
cose transport from the intestinal lumen into the blood [8], 

enhancing glucose utilization [9], and reducing the intracel-
lular growth of Mycobacterium tuberculosis by enhancing 
autophagy [7,10]. Metformin use in people with type 2 DM 
has shown a protective effect against the development of 
active TB [11,12], and a favorable treatment outcome could 
be expected among patients with TB–DM treated with met-
formin [5,6,13]. Nevertheless, few studies have directly ex-
amined the effect of metformin use on mortality in patients 
with TB–DM [7,13], and clinical evidence for metformin as 
an HDT is limited.

Therefore, in this study, we aimed to investigate the ef-
fect of metformin use on mortality in patients with TB–DM 
co-prevalence using a nationwide cohort to obtain advanced 
clinical evidence for the positive effects of metformin.

METHODS

Study design and patients
This study was a nationwide observational cohort study 
called The Korean Tuberculosis and Post-Tuberculosis (TB-
POST) cohort constructed by linking three national data-
bases. Information on TB diagnoses from the Korean Na-
tional Tuberculosis Surveillance System (KNTSS) between 
2011 and 2018, claims data regarding medical history from 
the National Health Information Database (NHID) between 
2006 and 2018, and death records from Statistics Korea 
from 2011 to 2018 were collected retrospectively and ag-

System. The medical and death records of matched patients were obtained from the National Health Information Database 
and Statistics Korea, respectively, and data from 2011 to 2017 were collected retrospectively. We classified patients according 
to metformin use among participants who used diabetes drugs for more than 28 days. The primary outcome was all-cause 
mortality during TB treatment. Double propensity score adjustment was applied to reduce the effects of confounding and 
multivariable Cox proportional hazard models were used to estimate adjusted hazard ratio (aHR) with 95% confidence inter-
val (CI).
Results: The all-cause mortality rate during TB treatment was lower (9.5% vs. 12.4%, p < 0.01) in the metformin user 
group. The hazard of death due to all causes after double propensity score adjustment was also lower in the metformin user 
group (aHR 0.76, 95% CI 0.67–0.86, p < 0.01). There was no significant difference in mortality between metformin users 
and non-users for TB-related deaths (p = 0.22); however, there was a significant difference in the non-TB-related deaths  
(p < 0.01).
Conclusions: Metformin use in patients with TB–DM co-prevalence is associated with reduced all-cause mortality, suggest-
ing the potential for metformin adjuvant therapy in these patients.
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gregated for matched patients [14]. The study population 
included patients with TB–DM aged ≥ 18 years and under-
going treatment for drug-susceptible TB between 2011 and 
2017. We excluded patients with end-stage renal disease 
and those who did not use DM medication due to having a 
relatively mild DM status.

Definitions and outcomes
TB–DM was defined as DM diagnosed before or 1 year after 
reporting TB to the KNTSS based on World Health Organi-
zation (WHO) standards [15]. DM was diagnosed when at 
least one claim was founded on a diagnosis of DM based 
on the relevant International Classification of Diseases (ICD) 
codes and the prescription of DM drugs for > 4 weeks. Al-
ternatively, at least two claims were founded on a diagnosis 
using ICD codes for DM (E11–E14) were also diagnosed with 
DM. The follow-up period was defined from the time of TB 
diagnosis until the endpoint of treatment of TB or the point 
of death during treatment. Consequently, the death status 
was only investigated in cases of death during treatment.

Patients were categorized according to the use of met-
formin, the primary exposure. Metformin users were de-
fined as patients who had used metformin for > 28 days 
within 6 months after TB diagnosis. Metformin non-users 
were defined as patients who did not use metformin during 
the study period but used other DM medication for > 28 
days.

The primary outcome was all-cause mortality during the 
TB-treatment period. The treatment outcomes were defined 
according to the criteria suggested by the WHO [15]. The 
sum of cured individuals and those with treatment comple-
tion was designated as treatment success.

Data sources
TB information, such as TB history and type, treatment out-
come, clinical laboratory test results, notification year, pub-
lic–private mix (PPM), and TB drug resistance were extracted 
from the KNTSS. Demographic characteristics, comorbidi-
ties, and records of DM medication use were obtained from 
the NHID. Lastly, death records were confirmed by Statistics 
Korea.

Statistical analysis
Statistical analysis was performed using STATA/MP version 
17 (Stata Corp. LLC, College Station, TX, USA) and SAS 
Enterprise Guide version 8.3 (SAS Institute Inc., Cary, NC, 

USA). The chi-square test was used to examine categorical 
variables. Continuous variables with a normal distribution 
were assessed using Student’s t-test and are presented as 
means and standard deviations. Variable with a non-nor-
mal distribution were assessed using the Mann–Whitney U 
test and are presented as medians and interquartile ranges. 
Baseline characteristics comprising categorical variables are 
reported as numbers and percentages. For the metformin 
user and non-user groups, we conducted propensity score 
(PS) matching using the STATA “psmatch2” syntax by ap-
plying the nearest-neighbor algorithm with 1:1 matching 
for age, gender, the Charlson Comorbidity Index (CCI), and 
years of TB diagnosis and discarding in both groups. Subse-
quently, multivariable Cox proportional hazards analysis was 
conducted to perform double PS adjustment that reduces 
bias caused by residual confounding [16]. The Kaplan–Meier 
method was used to evaluate the difference in mortality rate 
between metformin users and non-users. Statistical signifi-
cance was set at p < 0.05 and all p values were two-tailed.

Figure 1. Flow chart classifying metformin use in patients with 
TB–DM with PS matching. DM, diabetes mellitus; PS, propensity 
score; TB, tuberculosis.

TB patients registered 2011-2018
(n = 305,260)

TB-DM patients for analysis
(n = 31,641)

Metformin users
(n = 25,785)

Metformin users
(n = 5,310)

Metformin non-users
(n = 5,856)

Metformin non-users
(n = 5,310)

Excluded (n = 273,619)
- Age under 18 years old (n = 5,151)
- Drug resistance (n = 16,823)
- Patients reported in 2018 (n = 7,735)
- Treatment outside study period (n = 3,610)
-   Missing information in gender and  

covariates (n = 8,178)
-   Lost to follow-up or not evaluated  

treatment outcome (n = 5,347)
- End-stage renal disease (n = 2,813)
- Non-DM (n = 201,328)
- Non-DM medication (n = 22,634)

1:1 PS matching
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Table 1. Baseline characteristics for metformin users and non-users before propensity score matching

Variable Metformin users (n = 25,785) Metformin non-users (n = 5,856) p value

Gender < 0.01

Men 17,745 (68.8) 3,664 (62.6)

Women 8,040 (31.2) 2,192 (37.4)

Age group (yr)

18–24 35 (0.1) 9 (0.2)

25–34 257 (1.0) 51 (0.9)

35–44 1,543 (6.0) 267 (4.6)

45–54 4,857 (18.8) 778 (13.3)

55–64 6,209 (24.1) 1,073 (18.3)

65–74 6,260 (24.3) 1,416 (24.2)

> 75 6,624 (25.7) 2,262 (38.6)

Age (yr) 64 (54–75) 71 (58–78) < 0.01

Region, metropolitan 10,895 (42.3) 2,526 (43.1) 0.22

Nationality, Korean 25,589 (99.2) 5,824 (99.5) 0.08

Household income < 0.01

0 (lowest) 2,508 (9.7) 688 (11.7)

1 4,310 (16.7) 869 (14.8)

2 3,747 (14.5) 749 (12.8)

3 4,078 (15.8) 878 (15.0)

4 4,827 (18.7) 1,077 (18.4)

5 (highest) 6,315 (24.5) 1,595 (27.2)

Disability < 0.01

No 21,624 (83.9) 4,677 (79.9)

Physical disability 4,022 (15.6) 1,082 (18.5)

Internal disability 139 (0.5) 97 (1.7)

Lesion site of TB < 0.01

Pulmonary 23,175 (89.9) 5,090 (86.9)

Extra-pulmonary 2,610 (10.1) 766 (13.1)

TB history 0.15

New case 22,565 (87.5) 5,084 (86.8)

Previously treated TB 3,220 (12.5) 772 (13.2)

PPM hospital 18,345 (71.1) 4,378 (74.8) < 0.01

AFB smear positivity 10,350 (40.1) 2,191 (37.4) < 0.01

Culture positivity 13,638 (52.9) 2,885 (49.3) < 0.01

Charlson Comorbidity Index < 0.01

0 8,958 (34.7) 1,616 (27.6)

1 11,303 (43.8) 2,383 (40.7)

2 1,636 (6.3) 493 (8.4)

≥ 3 3,888 (15.1) 1,364 (23.3)

Comorbidity 

Transplantation 48 (0.2) 66 (1.1) < 0.01

HIV 14 (0.1) 4 (0.1) 0.69

Cancer 762 (3.0) 255 (4.4) < 0.01
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Ethics statement
The study protocol was reviewed and approved by the In-
stitutional Review Board of the National Evidence-Based 
Healthcare Collaborating Agency (NECAIRB19–008–1). In-
formed consent was waived because of the retrospective 
nature of the study and use of public de-identified data.

RESULTS

In the overall cohort, 31,641 patients were included. After 
PS matching, 5,310 metformin users and 5,310 non-users 
were included in the study (Fig. 1).

Baseline characteristics before and after PS 
matching
Tables 1 and 2 show the baseline characteristics of met-
formin users and non-users before and after PS matching, 
respectively. Before PS matching, the metformin user group 

was younger and had a higher ratio of men. The CCI score 
of the metformin user group was relatively lower than that 
of the metformin non-user group. However, after PS match-
ing, differences between the metformin user and non-user 
groups in terms of age, gender ratio, and CCI scores were 
not observed. In addition, the nationality, household income, 
previous TB history, notification year, and follow-up dura-
tion of the two groups were similar after PS matching. The 
metformin non-user group comprised more individuals with 
disability, extra-pulmonary TB, transplantation, and living in 
the metropolitan area. In the metformin user group, more 
patients were culture-positive (53.1% vs. 49.7%, p < 0.01).  
The difference in acid-fast bacilli (AFB)-positive smears be-
tween the two groups was not significant (39.4% vs. 38.0%, 
p = 0.07). The results of examining the baseline characteris-
tics of gender-specific subgroups before and after PS match-
ing are provided in the supplementary files (Supplementary 
Table 1-4). Similar results in terms of baseline characteris-
tics were observed in the metformin user and non-user  

Variable Metformin users (n = 25,785) Metformin non-users (n = 5,856) p value

Notification year 0.02

2011 3,411 (13.2) 926 (15.8)

2012 3,832 (14.9) 849 (14.5)

2013 3,580 (13.9) 778 (13.3)

2014 3,717 (14.4) 858 (14.7)

2015 3,697 (14.3) 809 (13.8)

2016 3,839 (14.9) 799 (13.6)

2017 3,709 (14.4) 837 (14.3)

Anti-diabetic treatment

Sulfonylurea 14,756 (57.2) 3,583 (61.2) < 0.01

Insulin 1,092 (4.2) 694 (11.9) < 0.01

Other DM medicationa) 16,219 (62.9) 3,730 (63.7) 0.26

Follow-up duration (d) 229 (184–294) 224 (183–293) < 0.01

Treatment outcome < 0.01

Treatment success/failure 23,804 (92.3) 5,056 (86.3)

Death due to all causes 1,981 (7.7) 800 (13.7)

Cause of death 0.21

TB-related 356 (18.0) 128 (16.0)

Non-TB-related 1,625 (82.0) 672 (84.0)

Values are presented as number (%) or median (interquartile range).
AFB, acid-fast bacilli; DM, diabetes mellitus; HIV, human immunodeficiency virus; PPM, public-private mix; TB, tuberculosis.
a)Other DM medication includes dipeptidyl peptidase-4 inhibitor, glinides, thiazolidinediones, glucagon-like peptide-1, alpha-gluco-
sidase inhibitors, and sodium–glucose cotransporter-2 inhibitors.

Table 1. Continued
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Table 2. Baseline characteristics of metformin users and non-users after propensity score matching

Variable Metformin users (n = 5,310) Metformin non-users (n = 5,310) p value

Gender > 0.999

Men 3,386 (63.8) 3,386 (63.8)

Women 1,924 (36.2) 1,924 (36.2)

Age group (yr) > 0.999

18–24 2 (0.0) 2 (0.0)

25–34 27 (0.5) 27 (0.5)

35–44 241 (4.5) 241 (4.5)

45–54 732 (13.8) 732 (13.8)

55–64 1,001 (18.9) 1,001 (18.9)

65–74 1,323 (24.9) 1,323 (24.9)

> 75 1,984 (37.4) 1,984 (37.4)

Age (yr) 70 (58–78) 70 (58–78) > 0.999

Region, metropolitan 2,169 (40.8) 2,302 (43.3) 0.01

Nationality, Korean 5,286 (99.6) 5,280 (99.4) 0.41

Household income 0.31

0 (lowest) 563 (11.0) 611 (11.5)

1 859 (16.2) 789 (14.9)

2 669 (12.6) 694 (13.1)

3 771 (14.5) 796 (15.0)

4 987 (18.6) 972 (18.3)

5 (highest) 1,461 (27.5) 1,448 (27.3)

Disability < 0.01

No 4,419 (83.2) 4,264 (80.3)

Physical disability 858 (16.2) 962 (18.1)

Internal disability 33 (0.6) 84 (1.6)

Lesion site of TB < 0.01

Pulmonary 4,762 (89.7) 4,622 (87.0)

Extra–pulmonary 548 (10.3) 688 (13.0)

TB history 0.30

New case 4,645 (87.5) 4,609 (86.8)

Previously treated TB 665 (12.5) 701 (13.2)

PPM hospital 3,826 (72.1) 3,935 (74.0) 0.02

AFB smear positivity 2,092 (39.4) 2,020 (38.0) 0.07

Culture positivity 2,817 (53.1) 2,640 (49.7) < 0.01

Charlson Comorbidity Index > 0.999

0 1,556 (29.3) 1,556 (29.3)

1 2,326 (43.8) 2,326 (43.8)

2 386 (7.3) 386 (7.3)

≥ 3 1,042 (19.6) 1,042 (19.6)

Comorbidity 

Transplantation 10 (0.2) 54 (1.0) < 0.01

HIV 1 (< 0.0) 2 (< 0.0) 1.00

Cancer 151 (2.8) 217 (4.1) 0.37
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Variable Metformin users (n = 5,310) Metformin non-users (n = 5,310) p value

Notification year > 0.999

2011 825 (15.5) 824 (15.5)

2012 770 (14.5) 774 (14.6)

2013 716 (13.5) 715 (13.5)

2014 777 (14.6) 775 (14.6)

2015 736 (13.9) 736 (13.9)

2016 742 (14.0) 742 (14.0)

2017 744 (14.0) 744 (14.0)

Anti-diabetic treatment

Sulfonylurea 3,019 (56.9) 3,277 (61.7) < 0.01

Insulin 223 (4.2) 617 (11.6) < 0.01

Other DM medicationa) 3,276 (61.7) 3,366 (63.4) 0.07

Follow-up duration (d) 219 (184–289) 226 (183–293) 0.26

Treatment outcome < 0.01

Treatment success/failure 4,804 (90.5) 4,653 (87.6)

Death due to all causes 506 (9.5) 657 (12.4)

Cause of death 0.07

TB-related 99 (19.6) 102 (15.5)

Non-TB-related 407 (80.4) 555 (84.5)

Values are presented as number (%) or median (interquartile range).
AFB, acid-fast bacilli; DM, diabetes mellitus; HIV, human immunodeficiency virus; PPM, public-private mix; TB, tuberculosis.
a)Other DM medication includes dipeptidyl peptidase-4 inhibitor, glinides, thiazolidinediones, glucagon-like peptide-1, alpha-gluco-
sidase inhibitors, and sodium–glucose cotransporter-2 inhibitors.

Table 2. Continued

Figure 2. Kaplan–Meier curve showing the effect of metformin use on mortality during TB treatment after and before propensity score 
matching. After propensity score matching (A), a survival analysis showed a higher rate of overall survival in metformin users. Even before 
propensity score matching (B), lower overall survival rates were maintained in metformin non-users. TB, tuberculosis.
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groups after subgroup analysis by gender.

Treatment outcomes in the metformin user 
and non-user groups
The treatment success rate was higher in the metformin 
user group than in the non-user group (90.3% vs. 87.6%, 
p < 0.01). Furthermore, the all-cause mortality was lower 
in the metformin user group (9.5% vs. 12.4%, p < 0.01, 

Table 2). However, there was no difference between the 
groups in the proportion of TB-related and non-TB-related 
deaths among the deceased patients. The Kaplan–Meier 
curve in Figure 2 shows that the all-cause mortality rate was 
significantly lower in the metformin group after (Fig. 2A) 
and before (Fig. 2B) PS matching (p < 0.01). A comparison 
of the survival probability according to the cause of death 
(TB-related vs. non-TB-related death) revealed a significant 

Figure 3. Kaplan–Meier curve showing the effect of metformin use on mortality during TB treatment for TB-related deaths (A) and 
non-TB-related deaths (B). TB, tuberculosis.
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Table 3. Effect of metformin use on mortality during TB treatment before and after PS matching

Crude Model 1 Model 2 Model 3 Model 4

HR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI)

Before PS matching

Metformin use

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 0.55 (0.51–0.60) 0.67 (0.62–0.73) 0.67 (0.62–0.73) 0.72 (0.66–0.79) 0.70 (0.65–0.77)

p value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

After PS matching

Metformin use

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 0.77 (0.68–0.86) 0.76 (0.68–0.85) 0.77 (0.69–0.86) 0.77 (0.69–0.87) 0.76 (0.67–0.86)

p value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

AFB, acid-fast bacilli; aHR, adjusted hazard ratio; CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio; PPM, 
public-private mix; PS, propensity score; Ref, reference; TB, tuberculosis.
Model 1 was adjusted for age, gender, region, nationality, and household income.
Model 2 was additionally adjusted for disability, TB lesion site, TB history, PPM hospital, AFB smear and culture positivity, and noti-
fication year.
Model 3 was additionally adjusted for CCI and the presence of comorbidities.
Model 4 was additionally adjusted for the use of anti-diabetic medications including sulfonylurea, insulin, and other anti-diabetic 
drugs.
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difference in survival probability between the groups only 
for non–TB-related death (p < 0.01, Fig. 3).

Effect of metformin use on all-cause mortality 
during TB treatment
Survival analysis was performed using a Cox proportional 
hazard model (Table 3) to identify the effect of metformin 
use on all-cause mortality during the treatment of TB in pa-
tients with DM. In the analysis of the PS-matched cohort, 
metformin users had a lower risk of death compared with 
metformin non-users in the univariable analysis (hazard ratio 
[HR] 0.77, 95% CI, 0.68–0.86, p < 0.01). Multivariate anal-
ysis in Models 1–4 showed similar statistical results. Model 1 
was adjusted for demographic and socioeconomic factors, 
and Model 2 was additionally adjusted for clinical test re-
sults and clinical status. The risk of death of metformin users 
was lower than that of non-users in both these models. In 
Models 3 and 4, which considered comorbidities and an-
ti-diabetic medications including sulfonylurea, insulin, and 
other anti-diabetic drugs, the risk of death in the metformin 
user group was also consistently lower than that in the met-
formin non-user group (Model 4: adjusted HR [aHR] 0.76, 
95% CI 0.67–0.86, p < 0.01). In addition, the favorable ef-
fect of metformin on mortality was consistent with the re-
sults of the analysis before PS matching and stratification by 
gender. The aHR in Model 4 was 0.76 (95% CI 0.65–0.89,  
p < 0.01) in metformin users in men (Supplementary Table 5)  
and 0.75 (95% CI 0.62–0.91, p < 0.01) in women (Supple-
mentary Table 6).

DISCUSSION

By analyzing a nationwide integrated TB cohort, we found 
that metformin had a favorable effect on all-cause mortality 
during the TB treatment of patients with TB–DM.

DM is known to be a poor prognostic factor for the treat-
ment outcome of TB. As previously reported, in patients with 
combined TB–DM, the all-cause mortality rate increased by 
2.18–6.5 times [4,17]. TB recurrence after the completion of 
TB treatment increases by 3.89 times [3] in the presence of 
DM. Therefore, the Collaborative Framework for Care and 
Control of Tuberculosis and Diabetes recommends appro-
priate glucose control as one of the treatments for TB [18].

Metformin is used as a first-line treatment for patients 
with DM [19] and it has been investigated for its possible 

positive effects in patients with TB–DM. Previous studies 
have shown its ability to lower TB risk in people with DM. 
Among patients with DM, the risk of TB development in 
metformin users was reduced by 32–61%, as revealed in a 
meta-analysis [12]. In terms of the dose-dependent effect of 
metformin, Pan et al. reported a dose-response relationship 
between metformin use and TB risk reduction [11]. How-
ever, data on the effect of metformin on mortality during 
TB treatment in patients with DM are lacking. Degner et 
al. [13] reported a reduced mortality rate in patients with 
TB–DM who use metformin (aHR 0.56, 95% CI 0.39–0.82), 
and similar mortality rates between patients without DM 
and patients with DM when metformin was used during TB 
treatment. This suggests that the use of metformin could 
offset an increase in mortality due to DM in patients with 
TB. Similarly, in our study, among patients with DM, met-
formin use reduced the risk of all-cause mortality during TB 
treatment, even after adjusting for potential confounders, 
including age, gender, household income, AFB smear posi-
tivity, the presence of various comorbidities, and use of oth-
er anti-diabetic drugs. This result was consistent with that 
before PS matching and after subgroup analysis by gender.

We cannot fully explain how metformin showed favor-
able effects on all-cause mortality in patients with TB–DM in 
this study. Some researchers have suggested the following 
possible explanations. First, metformin may have anti-myco-
bacterial capacity in patients with TB–DM. The primary tar-
get of metformin, mitochondrial respiratory chain complex 
I, is structurally similar to bacterial respiratory chain com-
plex-I (NDH-I). As metformin inhibits mitochondrial respira-
tory chain complex I, it can have a similar effect on NDH-I 
[20]. Therefore, a bactericidal effect on M. tuberculosis may 
be possible if bacterial NDH-I is suppressed by metformin. 
In addition, metformin activates the adenosine monophos-
phate-activated protein kinase pathway, which eventually 
promotes phagosome–lysosome fusion and plays a crucial 
role in controlling the intracellular growth of M. tubercu-
losis [7]. Metformin can also downregulate the expression 
of matrix metalloproteinases (MMPs), which play a role in 
lung parenchymal destruction in patients with TB [21,22]. 
TB-induced inflammatory tissue damage is responsible for 
morbidity and mortality [23]. Thus, inhibition of the effect 
of critical MMPs on a TB-infected lung could be a possible 
mechanism underlying the positive impact of metformin on 
mortality in patients with TB–DM. 

Previous studies did not differentiate between TB-related 
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deaths and non-TB-related deaths when evaluating the im-
pact of metformin [7,13]. However, we conducted separate 
analyses for these groups in this study. As shown in Figure 3, 
metformin use did not have a significant impact on the mor-
tality rate in terms of TB-related deaths, whereas it did have 
a significant effect in terms of non-TB-related deaths, similar 
to the findings in the overall population. The retrospective 
nature of this study presents challenges in comparing the 
DM control status between metformin users and non-users. 
Consequently, it remains uncertain whether the diverse ef-
fects of metformin, contingent on the cause of death, are 
primarily linked to DM regulation or result from metformin’s 
broader physiological impacts. Hence, the necessity for fu-
ture prospective investigations on this matter is evident. 

Our study has several strengths. First, this was a large, 
national data-based cohort study investigating the impact of 
metformin use on all-cause mortality during TB treatment in 
patients with TB–DM. This cohort included all patients with 
TB who were registered and followed up for an appropri-
ate amount of time. Second, we analyzed and adjusted for 
relevant covariates, including socioeconomic status and the 
presence of multiple co-morbidities, which are crucial con-
tributing factors to the mortality of patients with TB–DM, by 
integrating three different national datasets. In addition, we 
performed a sensitivity analysis including PS matching, and 
it showed the positive effect of metformin on mortality in 
patients with TB–DM, which was consistent in various sets 
of analyses. 

Despite these strengths, this study has some limitations. 
We could not access some information because the data 
used were from a retrospective cohort. First, we included 
patients with stage III chronic kidney disease (CKD) because 
we could not distinguish stage IIIa and stage IIIb CKD from 
our integrated dataset, which lacked information on CKD 
stage. Second, we could not fully account for potential con-
founding factors such as DM-related factors in PS matching 
and different characteristics between metformin users and 
non-users even after matching. To overcome this problem, 
we performed additional regression analyses after match-
ing, including DM medications, CCI score, and multiple oth-
er prognostic variables [16,24]. Third, the data used in the 
analysis were based on the KNTSS, which is secondary data. 
There might be errors in the reporting of the treatment out-
comes and missing data from each institution. However, the 
KNTSS is the most reliable national TB registry managed by 
the Korea Disease Control and Prevention Agency. Finally, 

we were unable to account for potential confounding fac-
tors, including glucose control status (e.g., HbA1c), smok-
ing, drinking, and body mass index, which have a significant 
influence on DM- and TB-related deaths [25,26]. Consider-
ing HbA1c might have also impacted our findings because 
poorly controlled DM can influence poor outcomes of TB 
and mortality [27,28]. Therefore, further research is war-
ranted. 

In summary, our study demonstrated that the mortality 
rate during TB treatment was 8.8%, and this rate was lower 
in the metformin user group than in the non-user group. 
After adjusting for multiple covariates in the PS-matched 
cohort, metformin use was associated with a lower risk of 
all-cause mortality during TB treatment, suggesting its po-
tentially protective role as an HDT in patients with TB–DM.

KEY MESSAGE
1. DM is known to increase mortality in patients with 

TB.
2. Metformin use is associated with reduced all-cause 

mortality in patients with TB-DM.
3. Metformin is considered a potential adjunctive 

agent for patients with TB-DM.
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Supplementary Table 1. Baseline characteristics of metformin users and non-users before propensity score matching in men

Variable
Men

p value
Metformin users (n = 17,745) Metformin non-users (n = 3,664)

Age group (yr) < 0.01

18–24 25 (0.1) 7 (0.2)

25–34 195 (1.1) 31 (0.9)

35–44 1,300 (7.3) 214 (5.8)

45–54 4,184 (23.6) 663 (18.1)

55–64 5,047 (28.4) 858 (23.4)

65–74 3,960 (22.3) 875 (23.9)

> 75 3,034 (17.1) 1,016 (27.7)

Age (yr) 60 (52–71) 65 (55–76) < 0.01

Region, metropolitan 7,716 (43.5) 1,640 (44.8) 0.156

Nationality, Korean 17,606 (99.2) 3,641 (99.4) 0.322

Household income < 0.01

0 (lowest) 1,602 (9.0) 404 (11.0)

1 3,013 (17.0) 531 (14.5)

2 2,830 (16.0) 516 (14.1)

3 2,956 (16.7) 584 (15.9)

4 3,375 (19.0) 687 (18.8)

5 (highest) 3,969 (22.4) 942 (25.7)

Disability < 0.01

No 14,907 (84.0) 2,966 (81.0)

Physical disability 2,725 (15.4) 620 (16.9)

Internal disability 113 (0.6) 78 (2.1)

Lesion site of TB < 0.01

Pulmonary 16,289 (91.8) 3,252 (88.8)

Extra-pulmonary 1456 (8.2) 412 (11.2)

TB history 0.02

New case 15,168 (85.5) 3,077 (84.0)

Previously treated TB 2,577 (14.5) 587 (16.0)

PPM hospital 12,360 (69.7) 2,702 (73.7) < 0.01

AFB smear positivity 7,470 (42.1) 1,447 (39.5) 0.007

Culture positivity 9,705 (54.7) 1,881 (51.3) < 0.01

Charlson Comorbidity Index < 0.01

0 6,956 (39.2) 1,147 (31.3)

1 7,514 (42.3) 1,492 (40.7)

2 1,068 (6.0) 292 (8.0)

≥ 3 2,207 (12.4) 733 (20.0)

Comorbidity 

Transplantation 36 (0.2) 51 (1.4) < 0.01

HIV 13 (0.1) 4 (0.1) 0.482

Cancer 594 (3.4) 201 (5.5) < 0.01
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Variable
Men

p value
Metformin users (n = 17,745) Metformin non-users (n = 3,664)

Notification year 0.028

2011 2,420 (13.6) 575 (15.7)

2012 2,668 (15.0) 543 (14.8)

2013 2,494 (14.1) 525 (14.3)

2014 2,490 (14.0) 518 (14.1)

2015 2,533 (14.3) 494 (13.5)

2016 2,620 (14.8) 495 (13.5)

2017 2,520 (14.2) 514 (14.0)

Anti-diabetic treatment

Sulfonylurea 10,417 (58.7) 2,265 (61.8) < 0.01

Insulin 795 (4.5) 487 (13.3) < 0.01

Other DM medicationa) 11,424 (64.4) 2,343 (64.0) 0.619

Follow-up duration (d) 238 (185–300) 234 (183–297) < 0.01

Treatment outcome < 0.01

Treatment success/failure 16,437 (92.6) 3,175 (86.7)

Death due to all causes 1,308 (7.4) 489 (13.3)

Cause of death 0.08

TB-related deaths 227 (1.3) 68 (1.9)

Non-TB-related deaths 1,081 (6.1) 421 (11.5)

Values are presented as number (%) or median (interquartile range).
AFB, acid-fast bacilli; DM, diabetes mellitus; HIV, human immunodeficiency virus; PPM, public-private mix; TB, tuberculosis.
a)Other DM medications include dipeptidyl peptidase–4 inhibitors, glinide, thiazolidinedione, glucagon-like peptide-1, alpha-gluco-
sidase inhibitors, and sodium-glucose cotransporter-2 inhibitors.

Supplementary Table 1. Continued
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Supplementary Table 2. Baseline characteristics of metformin users and non-users before propensity score matching in women

Variable
Women

p value
Metformin users (n = 8,040) Metformin non-users (n = 2,192)

Age group (yr) < 0.01

18–24 10 (0.1) 2 (0.1)

25–34 62 (0.8) 20 (0.9)

35–44 243 (3.0) 53 (2.4)

45–54 673 (8.4) 115 (5.3)

55–64 1,162 (14.5) 215 (9.8)

65–74 2,300 (28.6) 541 (24.7)

> 75 3,590 (44.7) 1,246 (56.8)

Age (yr) 73 (63–79) 76 (69–81) < 0.01

Region, metropolitan 3,179 (39.5) 886 (40.4) 0.456

Nationality, Korean 7,983 (99.3) 2,183 (99.6) 0.122

Household income 0.274

0 (lowest) 906 (11.3) 284 (13.0)

1 1,297 (16.1) 338 (15.4)

2 917 (11.4) 233 (10.6)

3 1,122 (14.0) 294 (13.4)

4 1,452 (18.1) 390 (17.8)

5 (highest) 2,346 (29.2) 653 (29.8)

Disability < 0.01

No 6,717 (83.5) 1,711 (78.1)

Physical disability 1,297 (16.1) 462 (21.1)

Internal disability 26 (0.3) 19 (0.9)

Lesion site of TB 0.035

Pulmonary 6,886 (85.6) 1,838 (83.9)

Extra-pulmonary 1,154 (14.4) 354 (16.1)

TB history 0.501

New case 7,397 (92.0) 2,007 (91.6)

Previously treated TB 643 (8.0) 185 (8.4)

PPM hospital 5,985 (74.4) 1,676 (76.5) 0.053

AFB smear positivity 2,880 (35.8) 744 (33.9) 0.265

Culture positivity 3,933 (48.9) 1,004 (45.8) 0.031

Charlson Comorbidity Index < 0.01

0 2,002 (24.9) 469 (21.4)

1 3,789 (47.1) 891 (40.7)

2 568 (7.1) 201 (9.2)

≥ 3 1,681 (20.9) 631 (28.8)

Comorbidity 

Transplantation 12 (0.2) 15 (0.7) < 0.01

HIV 1 (0.0) 0 (0.0) 0.602

Cancer 168 (2.1) 54 (2.5) 0.287
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Variable
Women

p value
Metformin users (n = 8,040) Metformin non-users (n = 2,192)

Notification year < 0.01

2011 991 (12.3) 351 (16.0)

2012 1,164 (14.5) 306 (14.0)

2013 1,086 (13.5) 253 (11.5)

2014 1,227 (15.3) 340 (15.5)

2015 1,164 (14.5) 315 (14.4)

2016 1,219 (15.2) 304 (13.9)

2017 1,189 (14.8) 323 (14.7)

Anti-diabetic treatment

Sulfonylurea 4,339 (54.0) 1,318 (60.1) < 0.01

Insulin 297 (3.7) 207 (9.4) < 0.01

Other DM medicationa) 4,795 (59.6) 1,387 (63.3) 0.002

Follow-up duration (d) 212 (183–284) 213 (182–287) 0.24

Treatment outcome < 0.01

Treatment success/failure 7,367 (91.6) 1,881 (85.8)

Death due to all causes 673 (8.4) 311 (14.2)

Cause of death 0.96

TB-related deaths 129 (1.6) 60 (2.7)

Non-TB-related deaths 544 (6.8) 251 (11.5)

Values are presented as number (%) or median (interquartile range).
AFB, acid-fast bacilli; DM, diabetes mellitus; HIV, human immunodeficiency virus; PPM, public-private mix; TB, tuberculosis.
a)Other DM medications include dipeptidyl peptidase–4 inhibitors, glinide, thiazolidinedione, glucagon-like peptide-1, alpha-gluco-
sidase inhibitors, and sodium-glucose cotransporter-2 inhibitors.

Supplementary Table 2. Continued
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Supplementary Table 3. Baseline characteristics of metformin users and non-users after propensity score matching in men

Variable
Men

p value
Metformin users (n = 3,386) Metformin non-users (n = 3,386)

Age group (yr) > 0.999

18–24 1 (0.0) 1 (0.0)

25–34 21 (0.6) 21 (0.6)

35–44 202 (6.0) 202 (6.0)

45–54 629 (18.6) 629 (18.6)

55–64 823 (24.3) 823 (24.3)

65–74 823 (24.3) 823 (24.3)

> 75 887 (26.2) 887 (26.2)

Age (yr) 65 (54–75) 65 (54–75) > 0.999

Region, metropolitan 1,416 (41.8) 1,518 (44.8) 0.01

Nationality, Korean 3,372 (99.6) 3,364 (99.4) 0.18

Household income 0.24

0 (lowest) 330 (9.8) 368 (10.9)

1 548 (16.2) 494 (14.6)

2 484 (14.3) 486 (14.4)

3 513 (15.2) 541 (16.0)

4 670 (19.8) 636 (18.8)

5 (highest) 841 (24.8) 861 (25.4)

Disability < 0.01

No 2,783 (82.2) 2,752 (81.3)

Physical disability 578 (17.1) 563 (16.6)

Internal disability 25 (0.7) 71 (2.1)

Lesion site of TB

Pulmonary 3,110 (91.9) 3,019 (89.2) < 0.01

Extra-pulmonary 276 (8.2) 367 (10.8) < 0.01

TB history

New case 2,874 (84.9) 2,846 (84.1) 0.35

Previously treated TB 512 (15.1) 540 (16.0) 0.35

PPM hospital 2,384 (70.4) 2,466 (72.8) 0.03

AFB smear positivity 1,371 (40.5) 1,360 (40.2) 0.12

Culture positivity 1,866 (55.1) 1,745 (51.5) 0.01

Charlson Comorbidity Index > 0.999

0 1,121 (33.1) 1,121 (33.1)

1 1,465 (43.3) 1,465 (43.3)

2 250 (7.4) 250 (7.4)

≥ 3 550 (16.2) 550 (16.2)

Comorbidity 

Transplantation 7 (0.2) 46 (1.4) < 0.01

HIV 1 (0.0) 2 (0.1) 0.56

Cancer 117 (3.5) 173 (5.1) < 0.01
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Variable
Men

p value
Metformin users (n = 3,386) Metformin non-users (n = 3,386)

Notification year > 0.999

2011 537 (15.9) 529 (15.6)

2012 499 (14.7) 507 (15.0)

2013 489 (14.4) 491 (14.5)

2014 179 (14.2) 478 (14.1)

2015 454 (13.4) 453 (13.4)

2016 462 (13.6) 462 (13.6)

2017 466 (13.8) 466 (13.8)

Anti-diabetic treatment

Sulfonylurea 1,950 (57.6) 2,111 (62.3) < 0.01

Insulin 141 (4.2) 439 (13.0) < 0.01

Other DM medicationa) 2,126 (62.8) 2,153 (63.6) 0.50

Follow-up duration (d) 224 (184–294) 237 (184–298) 0.23

Treatment outcome < 0.01

Treatment success/failure 3,076 (90.8) 2,981 (88.0)

Death due to all causes 310 (9.2) 405 (12.0)

Cause of death 0.11

TB-related deaths 54 (1.6) 53 (1.6)

Non-TB-related deaths 256 (7.6) 352 (10.4)

Values are presented as number (%) or median (interquartile range).
AFB, acid-fast bacilli; DM, diabetes mellitus; HIV, human immunodeficiency virus; PPM, public-private mix; TB, tuberculosis.
a)Other DM medications include dipeptidyl peptidase–4 inhibitors, glinide, thiazolidinedione, glucagon-like peptide-1, alpha-gluco-
sidase inhibitors, and sodium-glucose cotransporter-2 inhibitors.

Supplementary Table 3. Continued
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Supplementary Table 4. Baseline characteristics of metformin users and non-users after propensity score matching in women

Variable
Women

p value
Metformin users (n = 1,924) Metformin non-users (n = 1,924)

Age group (yr) > 0.999

18–24 1 (0.1) 1 (0.1)

25–34 6 (0.3) 6 (0.3)

35–44 39 (2.0) 39 (2.0)

45–54 103 (5.4) 103 (5.4)

55–64 178 (9.3) 178 (9.3)

65–74 500 (26.0) 500 (26.0)

> 75 1,097 (57.0) 1,097 (57.0)

Age (yr) 76 (69–81) 76 (69–81) > 0.999

Region, metropolitan 53 (39.1) 784 (40.8) 0.31

Nationality, Korean 1,914 (99.5) 1,916 (99.6) 0.64

Household income 0.63

0 (lowest) 233 (12.1) 243 (12.6)

1 311 (16.2) 295 (15.3)

2 185 (9.6) 208 (10.8)

3 258 (13.4) 255 (13.3)

4 317 (16.5) 336 (17.5)

5 (highest) 620 (32.2) 587 (30.5)

Disability < 0.01

No 1,636 (85.0) 1,512 (78.6)

Physical disability 280 (14.6) 399 (20.7)

Internal disability 8 (0.4) 13 (0.7)

Lesion site of TB 0.03

Pulmonary 1,652 (85.9) 1,603 (83.3)

Extra-pulmonary 272 (14.1) 321 (16.7)

TB history 0.64

New case 1,771 (92.1) 1,763 (91.6)

Previously treated TB 153 (8.0) 161 (8.4)

PPM hospital 1,442 (75.0) 1,469 (76.4) 0.31

AFB smear positivity 721 (37.5) 660 (34.3) 0.12

Culture positivity 951 (49.4) 895 (46.5) 0.19

Charlson Comorbidity Index > 0.999

0 435 (22.6) 435 (22.6)

1 861 (44.8) 861 (44.8)

2 136 (7.1) 136 (7.1)

≥ 3 492 (25.6) 492 (25.6)

Comorbidity 

Transplantation 3 (0.2) 8 (0.4) 0.23

HIV 0 (0.0) 0 (0.0)

Cancer 34 (1.8) 44 (2.3) 0.25
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Variable
Women

p value
Metformin users (n = 1,924) Metformin non-users (n = 1,924)

Notification year > 0.999

2011 288 (15.0) 295 (15.3)

2012 271 (14.1) 267 (13.9)

2013 227 (11.8) 224 (11.6)

2014 298 (15.5) 297 (15.4)

2015 282 (14.7) 283 (14.7)

2016 280 (14.6) 280 (14.6)

2017 278 (14.4) 278 (14.5)

Anti-diabetic treatment

Sulfonylurea 1,069 (55.6) 1,166 (60.6) < 0.01

Insulin 82 (4.3) 178 (9.3) < 0.01

Other DM medicationa) 1,150 (59.8) 1,213 (63.1) 0.04

Follow-up duration (d) 212 (183–283) 214 (182–286) 0.78

Treatment outcome 0.01

Treatment success/failure 1,728 (89.8) 1,672 (86.9)

Death due to all causes 196 (10.2) 252 (13.1)

Cause of death 0.37

TB-related deaths 45 (2.3) 49 (2.6)

Non-TB-related deaths 151 (7.9) 203 (10.6)

Values are presented as number (%) or median (interquartile range).
AFB, acid-fast bacilli; DM, diabetes mellitus; HIV, human immunodeficiency virus; PPM, public-private mix; TB, tuberculosis.
a)Other DM medications include dipeptidyl peptidase–4 inhibitors, glinide, thiazolidinedione, glucagon-like peptide-1, alpha-gluco-
sidase inhibitors, and sodium-glucose cotransporter-2 inhibitors.

Supplementary Table 4. Continued
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Supplementary Table 5. The effect of metformin use on mortality during TB treatment before and after PS matching in men

Men

Crude Model 1 Model 2 Model 3 Model 4

HR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI)

Before PS matching

Metformin use 

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 0.54 (0.49–0.60) 0.67 (0.60–0.74) 0.68 (0.61–0.75) 0.73 (0.65–0.81) 0.71 (0.64–0.79)

p value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

After PS matching

Metformin use

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 0.76 (0.66–0.88) 0.75 (0.65–0.87) 0.77 (0.66–0.89) 0.77 (0.67–0.90) 0.76 (0.65–0.89)

p value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

AFB, acid-fast bacilli; aHR, adjusted hazard ratio; CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio; PPM, 
public-private mix; PS, propensity score; Ref, reference; TB, tuberculosis.
Model 1 was adjusted for age, region, nationality, and household income.
Model 2 was adjusted for disability, lesion site of TB, TB history, PPM hospitalization, AFB smear and culture positivity, and notifica-
tion year in addition to the variables in model 1.
Model 3 was adjusted for CCI and presence of comorbidities in addition to the variables in model 2.
Model 4 was adjusted for use of anti-diabetic medications including sulfonylurea, insulin, and other anti-diabetic drugs in addition 
to the variables in model 3.
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Supplementary Table 6. The effect of metformin use on mortality during TB treatment before and after PS matching in 

women

Women

Crude Model 1 Model 2 Model 3 Model 4

HR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI)

Before PS matching

Metformin use 

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 0.58 (0.51–0.67) 0.68 (0.59–0.77) 0.67 (0.58–0.77) 0.72 (0.63–0.82) 0.70 (0.61–0.80)

p value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

After PS matching

Metformin use

No 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 0.78 (0.65–0.94) 0.77 (0.64–0.93) 0.77 (0.64–0.93) 0.77 (0.64–0.93) 0.75 (0.62–0.91)

p value 0.01 0.01 0.01 0.01 < 0.01

AFB, acid-fast bacilli; aHR, adjusted hazard ratio; CCI, Charlson Comorbidity Index; CI, confidence interval; HR, hazard ratio; PPM, 
public-private mix; PS, propensity score; Ref, reference; TB, tuberculosis.
Model 1 was adjusted for age, region, nationality, and household income.
Model 2 was adjusted for disability, lesion site of TB, TB history, PPM hospitalization, AFB smear and culture positivity, and notifica-
tion year in addition to the variables in model 1.
Model 3 was adjusted for CCI and comorbidity in addition to the variables in model 2.
Model 4 was adjusted for use of anti-diabetic medications including sulfonylurea, insulin, and other anti-diabetic drugs in addition 
to the variables in model 3.
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