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Background.  The global type 2 diabetes mellitus (DM) epidemic threatens progress made in reducing tuberculosis (TB)–related 
mortality worldwide. Previous clinical studies have not fully evaluated potential confounding variables in addressing the impact of 
DM on TB treatment outcomes. The antidiabetic agent metformin regulates autophagy and may play a role as a host-directed thera-
peutic adjuvant to antitubercular treatment.

Methods.  We conducted a retrospective cohort study comprising patients aged ≥13 years undergoing treatment for culture-con-
firmed, drug-susceptible pulmonary TB. We assessed the effect of DM on mortality during TB treatment and 2-month TB spu-
tum-culture conversion. We also evaluated the effect of metformin use on survival during TB treatment.

Results.  Among 2416 patients undergoing TB treatment, after adjusting for age, sex, chronic kidney disease, cancer, hepatitis C, 
tobacco use, cavitary disease, and treatment adherence, patients with DM had 1.91 times higher odds (95% confidence interval [CI], 
1.51–2.40) of death during TB treatment than patients without DM, and 1.72 (95% CI, 1.25–2.38) times higher odds of remaining 
culture-positive at 2 months. Metformin use in patients with DM was significantly associated with decreased mortality during TB 
treatment (hazard ratio, 0.56 [95% CI, .39–.82]), and metformin users had similar mortality as patients without DM.

Conclusions.  This study suggests that despite multiple potential confounding variables, DM poses an increased risk of adverse 
TB treatment outcomes. There was a significant association between metformin use and decreased mortality during TB treatment, 
suggesting a potential role for this agent as adjunctive, host-directed therapy.
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Tuberculosis (TB) is the leading infectious cause of death 
worldwide, claiming approximately 1.8 million lives per year 
[1]. The number of new TB cases is decreasing by approximately 
2% per year, narrowly achieving the Millennium Development 
Goal set in 2000 to reverse the spread of the disease by 2015 [2]. 
However, this progress is threatened by the global demographic 
transition resulting in a rapid rise in the burden of noncom-
municable diseases among populations in TB-endemic coun-
tries [3], particularly type 2 diabetes mellitus (DM), which is 
expected to more than double in number in Africa and increase 
by nearly two-thirds in Asia over the next 20 years [4].

Patients with DM are not only at increased risk for developing 
active TB [5], but they also experience worse treatment outcomes 
[6]. However, the precise impact of DM on TB treatment out-
comes remains unknown. Thus, although a meta-analysis found 

that DM was a risk factor for poor treatment outcomes, of the 
33 studies reviewed, only 4 controlled for potential confounding 
variables, and only 2 controlled for factors other than age and sex, 
both of which were conducted in the United States [6]. These are 
important considerations as DM is often associated with older 
age, obesity, multiple comorbidities [7] including chronic kid-
ney disease and cancer, and poor treatment adherence [8], all of 
which can influence TB risk and treatment outcomes [2, 9, 10].

Finally, in the past 50 years, there have been only 4 new US Food 
and Drug Administration–approved drugs for the treatment of TB, 
of which only 2 are from novel classes [11]. Recent attention has 
focused on host-directed therapy, which may have the potential to 
reduce TB related-inflammation and associated lung damage, as well 
as treatment duration and rates of resistance [12]. In particular, met-
formin, a first-line drug for DM, has received significant attention 
recently as a potential adjunctive agent for TB, as it has been shown 
to enhance autophagy, an immune process crucial for the control of 
TB [13–15]. Patients with DM are thus a key group in which to assess 
the potential of metformin as an adjunctive therapy for TB.

Accordingly, we performed a retrospective cohort study to assess 
the effect of DM and metformin use on all-cause mortality during 
TB treatment, and 2- and 6-month sputum TB culture conversion 
rates, adjusting for common confounders often accompanying DM.
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METHODS

Study Design and Population

This was a retrospective cohort study. Patients aged ≥13 years with 
culture-confirmed, drug-susceptible pulmonary TB undergoing 
treatment at the National Taiwan University Hospital (NTUH) in 
Taipei, Taiwan, between 2000 and 2013 were selected for inclu-
sion. There were no exclusion criteria. NTUH is one of 19 teach-
ing hospitals serving the 9.2 million people in northern Taiwan. 
More than 90% of patients with TB were treated in the ambula-
tory setting. Patients were treated according to the American 
Thoracic Society, Centers for Disease Control and Prevention, 
and Infectious Diseases Society of America clinical practice 
guidelines [16]. Repeat TB sputum cultures were not routinely 
obtained until 2006. All patient data were de-identified. The study 
was approved by the institutional review boards of the National 
Taiwan University Hospital and Johns Hopkins University.

Clinical Variables

The first exposure was DM, defined by any one of the fol-
lowing criteria prior to TB treatment initiation: International 
Classification of Diseases (ICD) coding for DM; prescription of 
oral hypoglycemic agents and/or insulin; fasting blood glucose 
(FBG) >7.0 mmol/L; non-FBG >11.1 mmol/L; or hemoglobin 
A1c (HbA1c) >6.5%. The second exposure was metformin use 
among patients with DM during TB treatment. Metformin use 
was obtained from data on prescriptions filled during TB treat-
ment, and was categorized in 2 ways. In the first, if a person 
was on metformin within 30 days of starting TB treatment, they 
were classified as using metformin throughout TB treatment, 
similar to an intention-to-treat analysis. In the second classi-
fication, only those patients using metformin during ≥80% of 
TB treatment were classified as metformin users. Patients with 
chronic kidney disease (CKD) stage 3b or higher were excluded 
from the metformin analysis, as this is a relative contraindica-
tion to metformin use and could have a confounding effect [17].

Data on the following known TB-associated risk factors 
and potential confounders were collected: age, sex (males as 
reference group), body mass index (BMI), CKD (ICD-9 cod-
ing or glomerular filtration rate <60  mL/minute/1.73 m2 for 
>3 months), history of or active malignancy, hepatitis B virus 
(HBV) infection, hepatitis C virus (HCV) infection, auto-
immune disease, history of tobacco use, initial sputum acid-fast 
smear status, cavitary lesions on chest radiograph, and TB treat-
ment adherence. Poor TB treatment adherence was defined as 
completing >80% of a 6-month TB treatment regimen within 
9 months of TB treatment initiation [16] or completing >80% of 
TB treatment up to the time of death during TB treatment. Data 
was also collected on FBG and HbA1c. Human immunodefi-
ciency virus (HIV) serostatus and hyperglycemia data were only 
available for a subset of the total 2416 patients in the cohort; 
therefore, these parameters were not included in the analysis.

The primary clinical outcome was all-cause mortality during 
TB treatment. Secondary microbiological outcomes included 2- 
and 6-month sputum culture status.

Statistical Analysis

Data were analyzed using Stata version 13.0 software (StataCorp, 
College Station, Texas). The distributions of characteristics 
between patients with and without DM were compared using t 
test or χ2 test. Univariate logistic regression with mortality and 
2-month culture status as the outcome was used to obtain crude 
odds ratios for DM, age, elderly (aged ≥65 years), sex, BMI, 
CKD, cancer, HBV, HCV, autoimmune disease, cavitary disease, 
and poor treatment adherence. Multivariate logistic regression 
was performed with mortality and 2-month culture status as 
the outcome variables predicted by DM status using all signifi-
cant covariates (P < .05) in the crude logistic regression model 
for either outcome variable. The effect of metformin on time 
to mortality during TB treatment was analyzed using survival 
analysis and Cox regression modeling using the above criteria.

RESULTS

Demographics and Comorbidities of Active Tuberculosis Cases Stratified 
by Diabetes Mellitus Status

There were a total of 2416 cases of culture-confirmed pul-
monary TB diagnosed between 2000 and 2013 in the cohort. 
Baseline demographic data and clinical characteristics are 
shown in Table 1. The median age was 66.0 years (interquartile 
range [IQR], 47.6–77.2 years) and 68.3% were male. Of the 2416 
patients, 699 (28.9%) had DM. Patients with DM were older and 
more were male relative to patients without DM. Among the 987 
subjects for whom BMI data were available, patients with DM 
had a higher mean BMI, a lower proportion was underweight, 
and a higher proportion was overweight. Among comorbidities 
assessed, patients with DM were more likely to have CKD, can-
cer, HCV, and a history of tobacco use. There was no significant 
difference between the 2 groups in the proportion of patients 
with cavitary disease, positive sputum acid-fast smear at the 
start of TB treatment, or TB treatment adherence. Only 35% of 
the patients were tested for HIV, of whom 5.9% were positive.

Effect of Diabetes Mellitus and Comorbidities on Mortality During 
Tuberculosis Treatment

During TB treatment, a higher proportion of patients with DM 
than those without DM experienced the primary clinical out-
come, death (29.0% vs 13.7%; P < .01). Crude and adjusted odds 
ratios for the logistic regression model with mortality during TB 
treatment as the outcome are shown in Table 2. In unadjusted 
logistic regression, patients with DM had 2.57 times higher odds 
of death during TB treatment than patients without DM (95% 
confidence interval [CI], 2.07–3.18; P < .001). After adjusting 
for age, sex, CKD, cancer, HCV, history of tobacco use, cavitary 
disease, and poor TB treatment adherence, patients with DM 
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had 1.91 times higher odds of mortality during TB treatment 
than those without DM (95% CI, 1.51–2.40; P < .01).

BMI data were only available for 1749 of the 2416 patients. 
In an unadjusted logistic regression model with BMI as a con-
tinuous variable, increasing BMI was significantly associated 
with decreased odds of death during TB treatment (odds ratio 
[OR], 0.92 [95% CI, .89–.96]; P < .01). When BMI was included 
in the multivariate model above, DM remained significantly 
associated with death during TB treatment (OR, 2.02 [95% CI, 
1.49–2.73]; P < .01).

Effect of Diabetes Mellitus and Comorbidities on 2-Month and 6-Month 
Sputum-Culture Conversion

Sputum culture data were only available for 1323 of the 2416 
patients, as they were not routinely collected at NTUH until 
2006. The 1323 patients for whom follow-up TB sputum cul-
ture data were available did not significantly differ from the 
patients for whom follow-up culture data were not available 
in any of the clinical variables above except cancer (16.7% 
vs 13.5%; P = .03) and autoimmune disease (4.3% vs 2.5%;  
P = .01). During TB treatment, a higher proportion of patients 

Table 1.  Baseline Characteristics of Patients With Culture-Confirmed Pulmonary Tuberculosis Treated at National Taiwan University Hospital, 2000–2013, 
Stratified by Diabetes Mellitus Status (N = 2416)

Characteristic

DM Without DM Total

P Value(n = 699) (n = 1717) (N = 2416)

Demographics

  Age, y <.001

  Median (IQR) 71.6 (58.7–79.3) 62.1 (41.3–76.4) 66.0 (47.6–77.2)

  Mean (SD) 68.6 (14.6) 58.2 (21.1) 61.2 (20.0)

  Elderly (>65 y), % 64.4 46.1 51.4 <.001

  Male sex, % 76.4 64.9 68.3 <.001

BMI, kg/m2 (n = 495; 1254) <.001

  Mean (SD) 22.0 (3.8) 20.8 (3.3) 21.2 (3.5)

  Underweight (BMI <18.5), % (n = 444; 1309) 17.6 24.7 22.7 .001

  Overweight (BMI >25), % (n = 444; 1309) 18.6 10.1 12.5 <.001

Comorbidities, %

  Chronic kidney disease 24.2 9.0 13.4 <.001

  Cancer 20.3 13.2 15.3 <.001

  Hepatitis B virus 6.9 6.1 6.3 .470

  Hepatitis C virus 4.3 2.3 2.9 .007

  Autoimmune 2.4 3.9 3.5 .072

  Alcoholism 2.9 3.2 3.1 .660

  History of tobacco use 37.9 29.4 31.9 <.001

Cavitary disease, % 16.2 13.7 14.4 .116

Initial sputum acid-fast smear-positive, % 40.2 42.4 41.8 .314

TB treatment adherencea, % 75.8 76.5 76.3 .711

Abbreviations: BMI, body mass index; DM, type 2 diabetes mellitus; IQR, interquartile range; SD, standard deviation; TB, tuberculosis.
aDefined as completing >80% of a 6-month TB treatment regimen within 9 months of TB treatment initiation or completing >80% of TB treatment up to the time of death during TB 
treatment.

Table 2.  Crude and Adjusted Odds Ratios, Based on a Logistic Regression Model, of Mortality During Tuberculosis Treatment (N = 2416)

Characteristic Crude OR (95% CI) P Value Adjusted ORa (95% CI) P Value

DM 2.57 (2.07–3.18) <.001 1.91 (1.51–2.40) <.001

Age 1.04 (1.04–1.05) <.001 1.04 (1.03–1.05) <.001

Male sex 1.92 (1.50–2.46) <.001 1.57 (1.18–2.10) .002

CKD 2.40 (1.85–3.13) <.001 1.42 (1.07–1.90) .017

Cancer 3.63 (2.85–4.63) <.001 3.14 (2.42–4.08) <.001

HCV 1.62 (.94–2.81) .083 1.13 (.62–2.05) .686

History of tobacco use 1.24 (1.00–1.54) .053 0.87 (.68–1.12) .288

Cavitary disease 1.23 (.93–1.64) .143 1.59 (1.16–2.18) .004

TB treatment adherenceb 2.10 (1.68–2.62) <.001 2.18 (1.70–2.78) <.001

Abbreviations: CKD, chronic kidney disease; CI, confidence interval; DM, type 2 diabetes mellitus; HCV, hepatitis C virus infection; OR, odds ratio; TB, tuberculosis. 
aAdjusted for all variables included in the table.
bDefined as completing >80% of a 6-month TB treatment regimen within 9 months of TB treatment initiation or completing >80% of TB treatment up to the time of death during TB 
treatment.
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with DM than patients without DM had a 2-month sputum cul-
ture positive for Mycobacterium tuberculosis (23.9% vs 14.2%;  
P < .01). There was no difference in 6-month TB sputum culture 
positivity between DM and non-DM patients (0.3% vs 0.8%; 
P = .39). Crude and adjusted ORs for the logistic regression 
model with positive 2-month sputum culture as the outcome 
are shown in Table 3. In unadjusted logistic regression, patients 
with DM had 1.89 times higher odds of having positive sputum 
cultures after 2 months of TB treatment than patients without 
DM (95% CI, 1.40–2.55; P < .001). When adjusting for age, sex, 
CKD, cancer, HCV, history of tobacco use, cavitary disease, and 
poor TB treatment adherence, patients with DM still had signif-
icantly increased odds of remaining sputum culture positive at 2 
months (OR, 1.72 [95% CI, 1.25–2.38]; P = .001). BMI was not 
associated with sputum culture positivity after 2 months of TB 
treatment (OR, 1.02 [95% CI, .98–1.07]; P = .34).

Effect of Metformin on Mortality Among Patients With Diabetes Mellitus 
Undergoing Tuberculosis Treatment

Among the 699 patients with DM in the cohort, 65 were 
excluded because of CKD stage 3b or higher, a contraindica-
tion to metformin use, to eliminate potential confounding. Of 
the remaining 634 patients with DM in the cohort, 216 received 
metformin and 418 received other antidiabetic agents at TB 
treatment initiation, which was defined as days 0–30 of TB 
treatment. Patients receiving metformin had statistically signif-
icant lower median age and proportion of cancer, and statisti-
cally significant higher BMI, proportion of cavitary disease, and 
proportion of positive initial sputum acid-fast stain (Table 4). 
Metformin users also had a statistically higher mean HbA1c 
measured within 3 months of initiating TB treatment.

Overall mortality was 17.6% among metformin users and 
31.3% among non-metformin users, and survival was signif-
icantly higher in the metformin group in a log-rank test of 
Kaplan-Meier survival distributions (P = .01; Figure 1). In a Cox 
proportional hazards model adjusting for age, sex, CKD, cancer, 

cavitary disease, and poor TB treatment adherence, metformin 
users had 0.56 hazard of death compared with non-metformin 
users (95% CI, .39–.82; P = .002; Table 5). BMI data were only 
available for 449 of the patients. In the unadjusted Cox regres-
sion model with BMI as a continuous variable, increasing BMI 
was significantly associated with decreased hazard of death dur-
ing TB treatment (hazard ratio [HR], 0.88 [95% CI, .84–.93]; 
P < .01). When BMI was included in the multivariate model 
above, metformin use remained significantly associated with 
decreased death during TB treatment (HR, 0.53 [95% CI, .35–
.81]; P < .01).

Next, patients were reclassified as having used metformin 
throughout TB treatment if metformin use was documented 
for ≥80% of TB treatment. Using this definition, among the 
634 patients with DM in the cohort, 98 received metformin 
throughout TB treatment and 536 did not. Metformin use was 
significantly associated with lower median age and higher BMI, 
proportion of HBV, proportion of cavitary disease, and propor-
tion adherent to TB treatment. Patients receiving metformin 
also had a statistically higher mean FBG or HbA1c measured 
within 3  months of initiating TB treatment (Supplementary 
Table 1).

Overall mortality was 10.2% among patients who received 
metformin and 29.7% among patients who did not, and sur-
vival was significantly higher in the metformin group in a log-
rank test of Kaplan-Meier survival distributions (P < .01; Figure 
2). In a Cox proportional hazards model adjusting for age, sex, 
CKD, cancer, cavitary disease, and poor TB treatment adher-
ence, metformin use was associated with 0.41 hazard of death 
(95% CI, .21–.78; P = .007; Table 5).

Finally, using the intention-to-treat classification of metformin 
use, and once again excluding all patients with CKD stage 3b or 
higher, the remaining 216 DM patients receiving metformin dur-
ing TB treatment were compared to the remaining 1678 non-DM 
patients. Overall mortality was 17.6% among diabetic patients 
receiving metformin and 13.4% among nondiabetic patients, and 

Table 3.  Crude and Adjusted Odds Ratios, Based on a Logistic Regression Model, of 2-Month Sputum Culture Positivity for Mycobacterium tuberculosis 
(n = 1323)

Characteristic Crude OR (95% CI) P Value Adjusted ORa (95% CI) P Value

Type 2 diabetes mellitus 1.89 (1.40–2.55) <.001 1.72 (1.25–2.38) .001

Age 1.00 (1.00–1.01) .510 1.00 (.99–1.01) .693

Male 1.52 (1.10–2.10) .012 1.43 (.98–2.08) .062

Chronic kidney disease 1.14 (.77–1.69) .510 1.07 (.70–1.65) .751

Cancer 0.90 (.61–1.34) .612 0.78 (.51–1.18) .242

Hepatitis C virus 1.55 (.72–3.33) .258 1.40 (.63–3.13) .410

History of tobacco use 1.42 (1.06–1.91) .020 1.05 (.75–1.48) .762

Cavitary disease 4.04 (2.90–5.65) <.001 4.03 (2.84–5.71) <.001

Poor TB treatment adherence 1.06 (.72–1.57) .764 1.16 (.77–1.75) .490

Abbreviations: CI, confidence interval; OR, odds ratio; TB, tuberculosis.
aAdjusted for all variables included in the table.
bDefined as completing >80% of a 6-month TB treatment regimen within 9 months of TB treatment initiation or completing >80% of TB treatment up to the time of death during TB 
treatment.
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Table 4.  Baseline Characteristics of 634 Diabetes Patients With Culture-Confirmed Tuberculosis, Stratified by Metformin Use

Characteristic Metformin (n = 216) Non-Metformin (n = 418) Total (n = 634) P Value

Demographics

  Age, y .016

  Median (IQR) 69.0 (54.5–77.0) 71.6 (60.1–80.3) 71.0 (57.5–79.2)

  Mean (SD) 66.1 (14.5) 69.1 (15.0) 68.1 (14.9)

  Elderly (>65 y), % 56.9 65.6 62.6 .034

  Male sex, % 77.8 77.0 77.3 .882

BMI, kg/m2 (n = 166; 283) .008

  Mean (SD) 22.6 (3.9) 21.6 (3.6) 21.9 (3.8)

Comorbiditya, %

  Chronic kidney disease 18.4 12.5 13.4 .056

  Cancer 24.2 14.8 21.0 .006

  Hepatitis B virus 8.3 6.2 6.3 .321

  Hepatitis C virus 4.2 3.3 3.6 .602

  Autoimmune 2.8 1.9 2.2 .483

  Alcoholism 2.3 2.9 2.7 .681

  History of tobacco use 41.7 38.3 39.4 .409

Cavitary disease, % 24.1 13.4 18.8 .001

Initial sputum acid-fast smear-positive, % 51.9 34.2 40.2 <.001

Poor TB treatment adherenceb, % 78.2 75.4 76.3 .418

Blood glucose controlc

  FBG (n = 128; 250)

    Mean (SD), mmol/L 9.5 (4.5) 8.6 (4.5) 8.9 (4.5) .064

  HbA1c (n = 141; 154)

    Mean % (SD) 8.9 (2.5) 8.2 (2.4) 8.5 (2.5) .020

Abbreviations: BMI, body mass index; FBG, 2-hour fasting blood glucose; HbA1c, hemoglobin A1c; IQR, interquartile range; SD, standard deviation; TB, tuberculosis.
aForty-six patients with CKD stage 3b or higher were excluded from the study due to concerns for confounding.
bDefined as completing >80% of a 6-month TB treatment regimen within 9 months of TB treatment initiation or completing >80% of TB treatment up to the time of death during TB 
treatment.
cMeasured within 3 months of TB treatment start. Patients with FGB >7 mmol/L or HbA1c >6.5% are considered to have diabetes.

Figure 1.  Kaplan-Meier estimates of time to mortality among diabetic patients during tuberculosis treatment according to metformin use (n = 634). Patients with chronic 
kidney disease stage 3b or higher were excluded due to concerns for confounding. A, Intention-to-treat analysis. If a person was on metformin within 30 days of starting 
tuberculosis treatment, they were classified as using metformin throughout tuberculosis treatment. B, Documented metformin use for 80% of tuberculosis treatment. Only 
those patients with prescription data showing metformin use during equal to or more than 80% of tuberculosis treatment were classified as metformin users.
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survival was not significantly different between the 2 groups in 
a log-rank test of Kaplan-Meier survival distributions (P = .14; 
Figure 2). In a Cox proportional hazards model adjusting for age, 
sex, CKD, cancer, cavitary disease, and TB treatment completion, 
DM patients receiving metformin had no difference in hazard 
of death compared to non-DM during TB treatment (HR, 1.02 
[95% CI, .72–1.45]; P = .91; Table 6).

DISCUSSION

The most striking finding of our study is that Taiwanese patients 
with DM and TB had nearly twice the odds of death during TB 

treatment compared to patients without DM. Our data indicate 
that despite the advanced age and multiple comorbidities of 
patients with DM, DM itself poses an increased risk of death 
during TB treatment. Furthermore, metformin use along with 
standard TB treatment appears to reverse the increased mor-
tality associated with DM during TB treatment, suggesting a 
potential role as adjunctive TB treatment.

An estimated 52.1% and 66.7% of patients with DM in 
Asia and Africa, respectively, are unaware of their diagnosis 
[4]. This, together with the link between DM and TB suscep-
tibility and poor TB treatment outcomes, has prompted the 
Bali Declaration, which calls for bidirectional screening for 
DM and TB [18]. As Asia will be the area of the world most 
affected by the DM epidemic [19], Taiwan, a country with a 
moderate incidence of TB (68 cases per 100 000) [20], is an 
ideal and relevant clinical setting to evaluate the effect of DM 
on TB treatment outcomes. Indeed, 28.9% of our cohort had 
DM at the time of TB treatment, underscoring the importance 
of screening.

The link between DM and poor TB treatment outcomes is 
grounded in a review of the literature by Baker et al [6], which 
reveals that only 2 US-based studies have controlled for poten-
tial confounding variables when evaluating TB treatment out-
comes among patients with DM [21, 22]. These findings raise 
the question of whether the increased DM-associated deaths 
could simply be a result of advanced age and/or immunocom-
promise from other comorbidities. The results of this Taiwan-
based study, in which these confounders are controlled for in the 
analyses, therefore, are important in strengthening the evidence 
between DM and poor TB treatment outcomes. This finding 
persisted even after adjustment for BMI, which is important, as 
underweight status is associated with increased mortality and 
overweight status is associated with decreased mortality during 
TB treatment [23, 24].

Figure 2.  Kaplan-Meier estimates of time to mortality during tuberculosis treat-
ment, comparing diabetic patients on metformin to nondiabetic patients (n = 1894). 
Patients with chronic kidney disease stage 3b or higher were excluded due to con-
cerns for confounding. Abbreviation: DM, type 2 diabetes mellitus.

Table 5.  Crude and Adjusted Hazard Ratios, Based on Cox Proportional Hazards Model, of Survival Among Diabetic Patients During Tuberculosis Treatment 
(n = 634)

Characteristic

Intention-to-Treat Analysis Documented Metformin Use for 80% of Tuberculosis Treatment

Crude 
HR (95% CI) P Value

Adjusted 
HRa (95% CI) P Value

Crude 
HR (95% CI) P Value

Adjusted 
HRa (95% CI) P Value

Metformin use 0.50 (.35–.72) <.001 0.56 (.39–.82) .002 0.31 (.16–.58) <.001 0.41 (.21–.78) .007

Age 1.03 (1.02–1.04) <.001 1.03 (1.02–1.05) <.001 1.03 (1.02–1.04) <.001 1.03 (1.02–1.04) <.001

Male sex 1.18 (.81–1.72) .390 1.27 (.87–1.85) .223 1.18 (.81–1.72) .390 1.24 (.85–1.81) .263

CKDb 1.32 (.90–1.93) .158 1.11 (.75–1.63) .611 1.32 (.90–1.93) .158 1.14 (.77–1.68) .517

Cancer 1.92 (1.39–2.65) <.001 1.79 (1.29–2.48) <.001 1.92 (1.39–2.65) <.001 1.83 (1.32–2.53) <.001

Cavitary disease 1.12 (.76–1.65) .577 1.55 (1.04–2.32) .033 1.12 (.76–1.65) .577 1.49 (1.00–2.23) .050

TB treatment 
adherencec

1.36 (.97–1.90) .071 1.31 (.93–1.83) .119 1.36 (.97–1.90) .071 1.19 (.85–1.68) .303

Abbreviations: CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; TB, tuberculosis.
aAdjusted for all variables included in table.
bForty-six patients with CKD stage 3b or higher were excluded from the study due to concerns for confounding.
cDefined as completing >80% of a 6-month TB treatment regimen within 9 months of TB treatment initiation or completing >80% of TB treatment up to the time of death during TB treatment.
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DM was associated with increased sputum culture positivity 
after 2 months, but not after 6 months, of TB treatment. These 
data suggest that DM may reduce the efficacy of the initial 
phase of TB treatment, leaving patients with DM potentially 
infectious for a longer period of time. Although 2-month spu-
tum-culture conversion is often used as a microbiological end-
point for assessing the efficacy of novel TB treatment regimens 
[25], it may in fact be a poor surrogate for relapse-free cure [26].

Finally, the antidiabetic agent metformin has received atten-
tion as a potential adjunctive, host-directed therapy for TB 
[12–15]. Metformin activates adenosine monophosphate–acti-
vated protein kinase, a regulator of cellular autophagy, which is 
crucial for effective control of intracellular pathogens such as 
Mycobacterium tuberculosis [27, 28]. Metformin was found to 
reduce M. tuberculosis growth and improve lung pathology in 
mice, and its use was associated with decreased mortality and 
number of lung cavities in humans in a retrospective cohort 
study [13]. Similarly, in our study, among patients with DM, 
concurrent metformin use was associated with significantly 
decreased mortality during TB treatment, even after adjusting 
for potential confounders, including CKD, a potential contra-
indication to metformin and a risk factor for poor TB treat-
ment outcomes [9, 13]. Additionally, this effect was not due to 
improved blood glucose control, as DM patients on metformin 
in our cohort had equivalent or poorer blood glucose control 
compared to DM patients on other antidiabetic medications. 
Narrowing the classification of metformin users from those 
receiving metformin at TB treatment initiation to documented 
use of the agent throughout TB treatment (ie, increasing the 
dose response) resulted in an even further reduction in mor-
tality, and, after adjustment for confounders, a lower hazard of 
death. Perhaps even more remarkable was that DM patients on 
metformin had the same hazard of death as non-DM patients, 
suggesting that metformin use in DM patients undergoing TB 

treatment potentially reverses the negative effect of DM on 
mortality during TB treatment.

This study has strengths and limitations. Its relatively large 
sample size allowed the effect of several different DM-associated 
comorbidities to be examined in a multivariate regression 
model. The single study site, NTUH, helped eliminate vari-
ance in clinical practice and environmental factors; however, 
the findings may not be readily generalizable to other popula-
tions. Other notable limitations include the retrospective study 
design, and that 2- and 6-month TB treatment sputum culture, 
BMI, HIV serostatus, FBG, and HbA1c data were not available 
for all patients in the study and therefore may represent a biased 
patient sample.

In summary, our study shows that following adjustment for 
age, sex, comorbidities, cavitary disease, and poor TB treatment 
adherence, DM is associated with increased mortality during TB 
treatment. Although DM is a risk factor for sputum culture–pos-
itive status after 2 months of TB treatment, it has no effect by 6 
months, suggesting that DM delays, but does not prevent, spu-
tum-culture conversion. Finally, our analysis shows that concur-
rent metformin use among patients with DM greatly decreased 
the odds of mortality during TB treatment, suggesting a potential 
role for this agent as an adjunctive, host-directed therapy for TB.
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Table 6.  Crude and Adjusted Hazard Ratios, Based on Cox Proportional Hazards Model, of Mortality During Tuberculosis Treatment, Comparing Diabetic 
Patients on Metformin to Nondiabetic Patients (n = 1894)

Characteristic Crude HR (95% CI) P Value Adjusted HRa (95% CI) P Value

DM on metformin during TB treatment 1.30 (.92–1.84) .143 1.03 (.73–1.46) .875

Age 1.04 (1.03–1.05) <.001 1.04 (1.03–1.05) <.001

Male sex 1.99 (1.48–2.68) <.001 1.54 (1.11–2.12) .009

CKDb 1.52 (1.03–2.25) .037 0.96 (.64–1.44) .852

Cancer 3.81 (2.95–4.92) <.001 3.08 (2.38–4.00) <.001

HCV 1.82 (1.00–3.32) .053 1.12 (.61–2.06) .723

History of tobacco use 1.28 (1.00–1.65) .054 0.90 (.69–1.18) .456

Cavitary disease 1.28 (.93–1.76) .125 1.64 (1.18–2.27) .003

Poor TB treatment adherencec 2.35 (1.83–3.01) <.001 2.11 (1.64–2.72) <.001

Abbreviations: CI, confidence interval; CKD, chronic kidney disease; DM, type 2 diabetes mellitus; HCV, hepatitis C virus; HR, hazard ratio; TB, tuberculosis.
aAdjusted for all variables included in table.
bEighty-five patients with CKD stage 3b or higher excluded due to potential for confounding.
cDefined as completing >80% of a 6-month TB treatment regimen within 9 months of TB treatment initiation or completing >80% of TB treatment up to the time of death during TB 
treatment.
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