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Abstract
Background: Diabetes mellitus (DM) is a well-known risk factor for tuberculosis (TB). Metformin, which is
an essential anti-diabetic drug, has been shown to exhibit anti-TB effects in patients with DM. Its effect
on preventing the development of TB among patients who are newly diagnosed with DM remains unclear.
We evaluated the protective effect of metformin on the development of TB among newly diagnosed
patients with type 2 DM.

Methods: This was a retrospective cohort study using the claims database. The study population
included newly diagnosed type 2 DM patients between January 2003 and March 2011. A metformin user
was de�ned if a patient had taken metformin for more than 28 days within the �rst 6 months after the
initial cohort entry. Primary outcome was the development of TB within 2 years after the index date.

Results: Metformin use was not associated with the prevention of TB development (Metformin user:
44/12,916 (0.34%) vs. Metformin non-user: 40/12,916(0.31%); HR, 1.17; 95% CI, 0.75-1.83; P = 0.482).
There was, however, a reduction in the development of TB among patients taking a higher cumulative
dose of metformin. Patients in the highest quartile of cumulative metformin dose had only a 10% risk of
developing TB compared to metformin non-users. In contrast, patients in the second quartile had a higher
risk of developing TB than patients in the �rst quartile.

Conclusions: The highest cumulative doses of metformin were protective against the development of TB
among newly diagnosed type 2 DM patients.

Background
Tuberculosis (TB) is a major global health problem. Approximately one in three individuals worldwide
have a latent TB infection, most of whom never develop active TB during their lifetime. Active TB affects
approximately 10 million individuals per year with a mortality rate of more than 1 million individuals per
year [1]. Certain risk factors increase the probability that latent TB will progress to active TB; diabetes
mellitus (DM) is one such risk factor [2, 3].

The association between DM and TB has been well documented. Patients with diabetes have a two- to
three-fold higher risk of developing TB compared to individuals who have not been diagnosed with
diabetes [4, 5]. Treatment failure and TB recurrence also are more frequent among patients with DM [4,
6–11]. Patients with DM have an impaired immune response, which facilitates both primary infection
with Mycobacterium tuberculosis and reactivation of latent TB [12]. Diabetic hosts are slow to mount an
innate response to the alveolar macrophages initially infected with Mycobacterium tuberculosis. This
delay in innate immune response subsequently leads to downstream delays in adaptive immunity in the
lung during the logarithmic growth phase of M. tuberculosis replication, which results in a higher plateau
of lung bacterial load once effective control has been exerted. This higher plateau is associated with an
increased severity of immune pathology and worse outcomes in patients with DM who develop TB [12,
13].
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Metformin is generally prescribed as a �rst-line anti-diabetic agent due to its association with weight loss
and its lack of association with hypoglycemic complications. Beyond its hypoglycemic action, many
experimental and clinical studies have reported on the pleiotropic effects of metformin, including in the
prevention of atherosclerosis and the treatment of certain cancers and infections [14–17]. Metformin as
a treatment for TB also has been actively studied. In particular, metformin is associated with the
prevention of TB development, improvements in the successful treatment of TB, and decreases in the
recurrence of TB among patients with DM [18–23]. These prior studies have some limitations, however,
including small sample sizes, uncontrolled potential confounders, and cohorts that included both newly
diagnosed and long-term patients with DM.

In this study, therefore, we evaluated the protective effect of metformin on the development of TB among
newly diagnosed patients with type 2 DM. We used data from a large national database and controlled
for several confounders.

Methods

Data source
This was a retrospective cohort study of the claims database of the Health Insurance Review and
Assessment Service (HIRA, Seoul, South Korea), a government-a�liated agency that examines the
accuracy of claims for the National Health Insurance (NHI, which covers ~97% of the South Korean
population) and National Medical Aid (which covers ~3.5% of the South Korean population). We used
claims data that had been submitted by health care providers between 1 January 2002 and 31 December
2013. Anonymized identi�ers were provided by the HIRA to protect privacy according to the Act on the
Protection of Personal Information Maintained by Public Agencies. This database contains
demographics and all medical services performed along with the diagnostic code (International
Classi�cation of Disease, Tenth Revision [ICD-10]), procedures, prescription drugs (brand name, generic
name, prescription date, days of supply, dose, and route of administration) and type of medical utilization
(outpatient visit, hospital or emergency department admissions). 

Study population
The study population included newly diagnosed patients with type 2 DM (ICD-10 codes E11-14) who were
treated with anti-diabetic drugs between 1 January 2003 and 31 March 2011 and who were ≥20 years
old at cohort entry (Figure 1). Individuals with incident type 2 DM were included according to the
following eligibility criteria: (1) had at least two claims with ICD-10 code E11-14 within one year or (2) at
least one claim for a prescription for an anti-diabetic medication (ICD-10 code E11-14) during the study
period. Anti-diabetic drugs included biguanides (metformin), sulfonylureas, meglitinides, a-glucosidase
inhibitors, insulin, thiazolidinediones, dipeptidyl peptidase-4 inhibitors, and glucagon-like peptide-1 (GLP-
1) analogues (incretin). We excluded patients with type 1 DM, which was de�ned as those who had at
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least one claim with an ICD-10 E10 code and who were prescribed only insulin without any oral anti-
diabetic drugs. The principal exposure variable was metformin use. Metformin user is de�ned as a
patient who had taken metformin for more than 28 days within the �rst 6 months after the initial cohort
entry. A metformin non-user is de�ned as a patient who had never been treated with metformin during the
study was conducted. Patients who had taken a metformin but did not meet the criteria of being a
metformin user were excluded from the analysis. The index date for a metformin user was the 28th day
after they started to take metformin within 6 months of entry. The index date for a metformin non-user
was the 28th day after diagnosis with DM. We subsequently excluded patients who had received a TB
diagnosis and had taken anti-TB drugs based on ICD-10 codes for TB (A15–A19) within 1 year before the
index date. Anti-TB drugs included isoniazid (INH), rifampicin (RMP), ethambutol (EMB), pyrazinamide
(PZA), prothionamide (PTH), cycloserine (CS), para-aminosalicylic acid (PAS), Tubis® (INH, RMP, EMB and
PZA combination drug), delamanid, and bedaquiline. 

Outcome variables
The main outcome variable was the incidence of TB among newly diagnosed patients with type 2 DM
within 2 years after the index date. The diagnosis of TB was de�ned as both the use of ICD-10 codes for
TB (A15–A19, U88.0–U88.1) and prescription of at least one of the following anti-TB drugs: 1) INH and
RMP, 2) EMB, 3) PZA, 4) PTH, 5) CS, 6) PAS, 7) Tubis®, 8) delamanid, and 9) bedaquiline more than once
within 90 days of the TB diagnosis. The event date was de�ned as the �rst day on which the anti-TB drug
was prescribed.  

Data Analysis
We compared the baseline characteristics of metformin users and non-users. The distributions of these
characteristics were compared using Student’s t tests, Chi-square tests, or Fisher’s exact tests as
appropriate. To account for signi�cant differences in patient characteristics, we performed 1:1 propensity
score (PS) - matched analysis. The PS was calculated by binary logistic models that included metformin
use as the dependent variable and the following covariates as independent variables: age, sex, Charlson
comorbidity index (CCI), healthcare utilization, anti-diabetic treatment, immunosuppressive treatment, and
other comorbidities. Cox proportional hazard regression models were used to evaluate whether TB
incidence differed between metformin users and PS-matched metformin non-users. We also investigated
the relationship between metformin cumulative dose and TB incidence. Cumulative dose was categorized
according to quartile (i.e., Q1, Q2, Q3, Q4). Characteristics that were signi�cantly different between
metformin users and non-users prior to the PS-matching were adjusted in the Cox proportional hazard
regression models. We report hazard ratios (HRs) and 95% con�dence intervals (CI) for metformin use
both unadjusted and adjusted for age, sex, and other variables. All statistical analyses were performed
using SAS version 9.4 (Statistical Analysis Software Institute; Cary, NC, USA). 
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Ethical Approval
This study involved the use of existing data coded in a manner that prevented the identi�cation of
patients either directly or through identi�ers. The study protocol received a determination of exemption
after review by the Institutional Review Board of Seoul National University Hospital (IRB No. 1906-048-
1038).

Results
In total, 76,973 patients were newly diagnosed with type 2 DM between January 1, 2003 and March 31,
2011. After excluding participants who did not meet the metformin-use de�nition or had a previous TB
diagnosis, 66,132 patients were included in the analysis: 13,396 metformin users and 52,736 metformin
non-users (Figure 1). Baseline demographic and clinical characteristic data are shown in Table 1.
Metformin users were younger and more male. Only 25% of metformin non-users were being treated with
other anti-diabetic drugs, whereas the 89% of metformin users were concomitantly being treated with
other anti-diabetic drugs. Comorbid risk factors for TB development, such as malignancy, malabsorption,
chronic kidney disease, dialysis, gastrectomy, and organ transplantation, were more frequent among
metformin non-users. Metformin non-users also were more likely to have chronic respiratory diseases and
to be taking corticosteroids or other immunosuppressants. Metformin users had less frequent health care
utilization compared to metformin non-users at baseline; this �nding did not change signi�cantly over the
follow-up study period. Due to these differences in baseline characteristics between metformin users and
non-users, propensity score (PS) matching was performed (Table 2) to generate two groups in which the
standardized difference (STD) for any covariate was less than 10%.     

PS-matched Cox proportional hazard regression models showed that metformin use was not associated
with the prevention of TB development among patients who were newly diagnosed with type 2 DM (HR,
1.17; 95% CI, 0.75-1.83; P = 0.482) (Table 3). A trend towards the prevention of TB development was
observed for higher cumulative doses of metformin at the two highest quartiles (Q3 and Q4) compared to
metformin non-users (P-value for trend = 0.059) (Figure 2). The risk of TB development was only 10%
among patients in the highest quartile (Q4) compared to metformin non-users. In contrast, however, the
risk of TB was higher in patients in the 2nd quartile (Q2) compared to patients in the 1st quartile (Q1). 

Discussion
In our study, metformin use was not associated with the prevention of TB development among patients
who were newly diagnosed with type 2 DM. Our data suggest, however, that a higher cumulative dose of
metformin may protect against the development of TB. Any metformin use was not signi�cantly
associated with the prevention of the development of TB in multivariate analysis (adjusted HR, 0.93; 95%
CI, 0.65-1.34) (Supplementary Table 1) and in PS-matched participants (HR, 1.17; 95% CI, 0.75-1.83)
across the total study period (Table 3). Intriguingly, however, we observed two phases of metformin
cumulative dose that were associated with the development of TB. Among patients in the 2nd quartile
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(Q2) of metformin cumulative dose, the HR for TB development was 1.69 (95% CI, 1.05-2.71; P = 0.030)
(Figure 2).In contrast, the HR for the development of TB trended towards a reduction among patients in
the 3rd quartile (Q3) of metformin cumulative dose (HR, 0.49; 95% CI, 0.20-1.21, P=0.030) and a
signi�cant reduction among patients in the 4th quartile (Q4) of metformin cumulative dose (HR, 0.10; 95%
CI, 0.01-0.70, P = 0.021). The effects at these two different time periods may have combined to produce
null �ndings in the overall model.  

These �ndings may reveal different effects of metformin on the development of TB. During the early
phase of metformin treatment, metformin may disturb anti-TB immunity. According to one report,
metformin downregulated TNF-α production and excretion, which is an important cytokine for both
macrophage activation and granuloma formation in obese mice [24] and macrophages [25]. Similarly, a
study in a mouse model of TB reported that bacillary load increased within the �rst 2 weeks of metformin
treatment, followed by an anti-TB effect thereafter [26]. In another experimental model, metformin did not
initially improve the sterilizing activity of a �rst-line anti-TB treatment in mice; however, after 3.5 months
of treatment, the addition of metformin to standard therapy reduced mean lung bacillary load by 0.18
log10 compared to a group receiving standard therapy only (P = 0.039) [27]. In human in vitro and in vivo
studies, metformin inhibited a type I interferon (IFN) response induced by M. tuberculosis, and both IFN-¡
and TNF-α were reduced for up to 21 days after metformin intake. In this same study, however, metformin
increased phagocytic activity and reactive oxygen species production [28]. Based on these results, there
are two possible roles of metformin during the early phases of treatment: (1) metformin may disturb anti-
TB immunity by down-regulating IFN-¡ and TNF-α; and (2) metformin may suppress the sterilizing effects
of anti-TB agents during early metformin treatment. In contrast, during later phase of treatment,
metformin may restrict mycobacterial growth by inducing mitochondrial reactive oxygen species
production and phagocytic activity [26].   

Recently, Lin et al. [19] reported that metformin use independently reduced the risk of the development of
TB (RR, 0.24; 95% CI, 0.11-1.87), which is not consistent with our results. This study analyzed 5,026 PS-
matched metformin users and non-users among newly diagnosed patients with type 2 DM from the
Taiwan claims database between 1998 and 2010. In contrast to our study, however, the clinical
characteristics between metformin users and non-users remained unbalanced even after PS-matching.
For example, 56.9% of metformin users had been treated with statins, which may independently protect
against the development of TB [29]. Moreover, the time since DM diagnosis was not well controlled in
their study population; the risk of developing TB was more than two-fold higher among patients who had
DM for over six years compared to patients who had DM for less than six years. Our study controlled for
these potential confounders by balancing statin treatment between metformin users and non-users and
only enrolling patients who were newly diagnosed with DM.  

Despite the results reported above, a different retrospective study using claims data from Taiwan showed
that metformin use was an independent factor for preventing the development of TB compared to
sulfonylurea use (HR, 0.337; 95% CI, 0.169-0.673) [21].This study did not compare metformin users to
non-users, however. This study showed there were more rural residents with less statin users in the
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sulfonylurea group, which is associated with the development of TB. However, even after PS matching
was conducted to control for the differences, they remained statistically signi�cant between the two
groups. In addition, it has been reported that sulfonylurea may increase the risk of infection [30].
Sulfonylurea reduced primary human monocyte functions in response to TB in an in vitro study of
patients with type 2 DM. Treatment with sulfonylurea therefore may result in an increased susceptibility
to TB among patients with type 2 DM [31]. Our study controlled for these confounders by including other
drugs, including anti-diabetic drugs and immunosuppressives, in PS matching between metformin users
and non-users.

Conclusion
Metformin use was not associated with the prevention of the development of TB in patients who were
newly diagnosed with type 2 DM in our study. Among patients with lower cumulative doses, metformin
trended towards an increased risk of TB, whereas higher cumulative doses decreased the risk of TB.
These �ndings suggest that higher doses and longer durations of metformin may prevent the
development of TB in patients with type 2 DM. 

Abbreviations
TB, tuberculosis; DM, diabetes mellitus; PS, propensity score; HIRA, the Health Insurance Review and
Assessment Service; NHI, the National Health Insurance; ICD, International Classi�cation of Disease; GLP-
1, glucargon-like peptide-1; INH, isoniazid; RMP, rifampicin; EMB, ethambutol; PZA, pyrazinamide; PTH,
prothionamide; CS, cycloserine; PAS, para-aminosalicylic acid; CCI, Charlson comorbidity index; HR,
hazard ratios; CI, con�dence intervals; STD, standardized difference.
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Figure 1

Flow chart
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Figure 2

Adjusted Hazard Ratio (HR) of TB development according to cumulative dose of metformin *adjusted for
age, sex, the use of insulin, sulfonylurea, other anti-diabetic treatment excluding metformin, systemic
corticosteroid, other immunosuppressants, and comorbidities including malignancy, malabsorption, CKD,
dialysis, gastrectomy, HIV/AIDS and organ transplantation, CCI, number of hospitalization, and outpatient
visit days. HR=Hazard Ratio; CI=con�dence interval; CKD = chronic kidney disease; CCI = Charlson
Comorbidity Index
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