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Abstract 
 

Background 

Tuberculosis (TB) and diabetes mellitus (DM) remain global health concerns 

with high prevalence. Metformin, a drug commonly used to treat DM, has 

recently received attention for its anti-TB effects. We evaluated the protective 

effects of metformin against TB development compared with sulfonylureas 

among elderly type 2 DM patients. 

 

Objectives 

To evaluate the risk of TB development in elderly DM patients treated with 

metformin compared with sulfonylureas. 

 

Methods 

We performed a retrospective cohort study using the National Health 

Insurance Service-Senior database. The participants were type 2 DM patients 

aged 60 years and older who were newly treated with anti-diabetic drugs 

between January 1, 2003 and December 31, 2013. We matched each 

metformin user to a sulfonylurea user using a propensity score. A Cox 

proportional hazards model was used to compare the risk of TB in metformin 

and sulfonylurea users.  

 

Results 

After propensity score matching, 12,440 patients were in each group. The TB 
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incidence was 295.3 per 100,000 person-years for metformin users and 413.1 

per 100,000 person-years for sulfonylurea users. After adjusting for 

confounders, metformin users had a lower risk of TB development than 

sulfonylurea users (adjusted hazard ratio [aHR], 0.76; 95% CI, 0.60-0.96). In 

a stratified analysis, the results were stronger for male participants (aHR, 

0.57; 95% CI, 0.40-0.80), but were not statistically significant in female 

participants. We found a dose-response relationship between metformin use 

and TB development in both genders. The aHR for TB development gradually 

decreased as the metformin dose increased: <50 cDDD: 0.98 (95% CI, 0.73-

1.32); 50 ≤ cDDD < 200: 0.86 (95% CI, 0.57-1.30), 200 ≤ cDDD < 400: 

0.67 (95% CI, 0.40-1.11); 400 ≤ cDDD: 0.25 (95% CI, 0.12-0.50). 

 

Conclusions 

The use of metformin was associated with a decreased risk of TB 

development among elderly type 2 DM patients compared with the use of 

sulfonylureas.  

 

Key Words : metformin, sulfonylurea, diabetes mellitus, tuberculosis, elderly  
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1. Introduction 

1.1. Background 

Tuberculosis (TB) is the ninth leading cause of death worldwide and remains 

one of the most infectious diseases caused by a single agent, Mycobacterium 

tuberculosis. Approximately 6.3 million people developed new cases of TB 

and 1.3 million people died of TB in 2016.(1) Although TB incidence is 

decreasing, drug-resistant TB and TB development in high-risk populations 

are increasing. In particular, TB development and Mycobacterium 

tuberculosis transmission in elderly people are an important issue. As the 

proportion of new cases of TB in Korean elderly people aged 65 years and 

older increased from 25.6% in 2007 to 41.9% in 2017, showing that TB in the 

elderly is becoming an emerging public health problem.(2-4)  

Diabetes mellitus (DM) is a chronic metabolic disease that impairs immunity. 

The link between DM and TB incidence has been confirmed by many 

epidemiologic studies.(5-8) According to a recent meta-analysis, patients with 

DM had about a 3-fold increased risk for TB compared with non-DM 

controls.(5) Moreover, DM increased the risk of treatment failure, relapse, and 

death during anti-TB treatment.(6) In Korea, the risk of TB development has 

increased among DM patients, and the estimated TB incidence in DM patients 

has been estimated to be higher than that in the general population.(9)  

The global burden of DM is rising and the importance of DM management is 

emphasized more than ever. As uncontrolled blood glucose in DM patients 

increases the risk of TB development, optimal glycemic control is needed.(8, 
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10) In reality, the treatment rate of Korean elderly DM patients (age ≥65) was 

found to be as high as 77%, but the control rate was found to be only 37%, 

indicating the importance of blood glucose management.(11)  

 

1.2. Previous studies 

A variety of anti-diabetic medications and insulin injections have been 

developed and used. Globally, metformin and sulfonylureas are the most 

commonly prescribed anti-diabetic drugs in newly diagnosed type 2 DM 

patients. Metformin is preferred to sulfonylureas as a first-line treatment due 

to its low hypoglycemic side effects and its benefits for cardiovascular 

disease.(12, 13) However until recently, sulfonylureas were still frequently 

used because of their strong hypoglycemic effects, economic benefits, and 

low tendency to cause gastrointestinal disturbances.   

Recent research data have suggested that metformin could be a promising 

candidate host-adjunctive therapy for the treatment of TB by reducing chronic 

inflammation and enhancing the immune response.(14) Some retrospective 

cohort studies have reported that the use of metformin improved the success 

rate and decreased mortality during TB treatment,(15, 16) but another study 

did not show a statistically significant relationship.(17)  

Relatively few studies have been conducted of the protective effect of 

metformin against TB compared to those on the therapeutic effect of 

metformin for diabetes.(18, 19) A study conducted at a tertiary care hospital in 

South India showed a protective effect of metformin against TB in patients 

with DM, but the temporal relationship was not clear due to the case-control 
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study design.(18) Another study from Taiwan demonstrated that metformin 

use was associated with a decreased risk of TB compared with sulfonylurea 

use in type 2 DM patients over 20 years old before and after propensity score 

matching.(19) Recently, using claims data from Taiwan, studies have been 

reported the lower risk of tuberculosis development in metformin users 

compared to metformin non-users.(20-22) To date, limited studies have 

focused on high-risk populations, such as the elderly.  

 

1.3. Objective 

We hypothesized that metformin decreases the risk of TB development in 

elderly DM patients compared with sulfonylureas. 
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2. Methods 

2.1. Study design and data source 

We performed a retrospective population-based cohort study using the 

National Health Insurance Service-Senior (NHIS-Senior) claims database, 

which has been publicly provided.(23) The National Health Insurance Service 

started in 1977, and all Koreans have been covered by the service since 1989. 

The NHIS-Senior cohort members were selected by a random sampling 

method to make the cohort representative of the entire elderly Korean 

population. The cohort contains 558,147 study participants, about 10% of 

Koreans aged 60 years and older in 2002, and they were followed up for 11 

years unless participants died or emigrated. The database includes information 

on demographics, diagnostic codes (International Classification of Disease, 

10th Revision [ICD-10]), prescription drugs (generic name, prescription date, 

supply days, dose, and route of administration), type of medical utilization 

(inpatient, outpatient), and death. This study was exempted from review by 

the Institutional Review Board of the Seoul National University College of 

Medicine and Seoul National University Hospital (IRB No. E-1806-015-948). 

The informed consent was not required by the Board. 

 

2.2. Study population 

The study population was composed of patients aged 60 years and older who 

were diagnosed with type 2 DM (ICD-10 codes E11-E14) and treated with 

anti-diabetic drugs (metformin or sulfonylureas) between January 1, 2002 and 
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December 31, 2013 (Figure 1). With the goal of including new users among 

type 2 DM patients and minimizing the effects of other anti-diabetic drugs, we 

excluded patients who were treated with any anti-diabetic drugs or insulin 

injections during the first year (January 1, 2002 through December 31, 2002), 

and patients treated with other classes of anti-diabetic drugs or insulin 

injections prior to or on the day of initiation of metformin or a sulfonylurea. 

Patients who were diagnosed with TB and received anti-TB drugs before the 

diagnosis of type 2 DM were also excluded. We further excluded individuals 

with HIV/AIDS (ICD-10 codes B20-B24), silicosis (ICD-10 codes J62), and 

who received gastrectomy surgery (procedure code : Q2533-7, Q2552, 

Q0251-9, QA536, Q2594-8, QA533-5, QA594-8), because these diseases and 

surgery increase susceptibility to TB.  

The exposure variable was the use of metformin or sulfonylureas. We defined 

use of metformin or a sulfonylurea as the prescription of each drug during the 

study period. To evaluate the monotherapy effect of those 2 drugs, we 

excluded patients who were initiated both metformin and a sulfonylurea 

simultaneously. 
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Figure 1. Flowchart of the cohort selection from National Health Insurance 

Service-Senior claims database 
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2.3. Outcome and follow-up 

The main outcome was the incidence of TB, which was defined as both the 

use of an ICD-10 code for TB (A15-A19) to diagnose the disease and the 

prescription of at least 1 of the following anti-TB drugs in the same 

prescription: isoniazid, rifampicin, ethambutol, pyrazinamide, prothionamide, 

cycloserine, and para-aminosalicylic acid. The index date was the date of the 

new prescription for metformin or a sulfonylurea and the event date was the 

date of the first day on which the anti-TB drug was prescribed. If patients 

changed from taking metformin to a sulfonylurea or vice versa, they were 

censored at the time of the change. We considered follow-up to have started 

on the index date and to have ended on the earliest date of the event 

occurrence, the date the patients switched to another study medication, the 

date of death, or the last day of the study (December 31, 2013). In addition, 

we divided the main outcome into pulmonary TB (A15-A16) and 

extrapulmonary TB (A17-A19).  

 

2.4. Potential confounders 

The study confounders included age at the index date, gender, the presence of 

comorbidities, and the use of co-medications, as specified below. 

Comorbidities were identified by ICD-10 codes for the following diagnoses in 

the year before the index date: hypertension (I10-I15), coronary artery disease 

(I20-I25), cerebrovascular disease (I60-I69), atrial fibrillation (I48), heart 

failure (I50), valvular heart disease (I05-08, I34-36), peripheral artery disease 

(I70.2, I73.8-I73.9), kidney disease (N17-N19), dyslipidemia (E78), chronic 
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obstructive pulmonary disease (J40-J44), alcoholic liver disease (K70), and 

any malignancy (C00-C99). We calculated the Charlson comorbidity index 

(CCI) to estimate the severity of a patient’s health condition according to 

previous diagnoses within a year prior to the index date (Table 1).(24) We 

consolidated participants with a CCI score of 3 or more into a single group. 

Immunosuppressive drugs (e.g., methotrexate, tacrolimus, mizoribine, 

cyclosporine, and rituximab) and systemic corticosteroids were also selected 

as confounders because they can cause immunosuppression and might 

increase the risk of tuberculosis development.  
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Table 1. Disease, their weights, and ICD-10 codes to calculate the Charlson 

comorbidity index 

Disease ICD-10 code Weights 

Myocardial 

infarction 
I21.x, I22.x, I25.2 1 

Congestive heart 

failure 

I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, 

I42.5–I42.9, I43.x, I50.x, P29.0 
1 

Peripheral vascular 

disease 

I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, 

I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, 

Z95.9 

1 

Cerebrovascular 

disease 
G45.x, G46.x, H34.0, I60.x–I69.x 1 

Dementia F00.x–F03.x, F05.1, G30.x, G31.1 1 

Chronic pulmonary 

disease 

I27.8, I27.9, J40.x–J47.x, J60.x–J67.x, 

J68.4, J70.1, J70.3 
1 

Rheumatic disease 
M05.x, M06.x, M31.5, M32.x–M34.x, 

M35.1, M35.3, M36.0 
1 

Peptic ulcer disease K25.x–K28.x 1 

Mild liver disease 

B18.x, K70.0–K70.3, K70.9, 

K71.3–K71.5, K71.7, K73.x, K74.x, K76.0, 

K76.2–K76.4, K76.8, K76.9, 

Z94.4 

1 

Diabetes without 

chronic complication 

E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, 

E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, 

E12.6, E12.8, E12.9, E13.0, E13.1, E13.6, 

E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, 

E14.9  

1 

Diabetes with 

chronic 

complication 

E10.2–E10.5, E10.7, E11.2–E11.5, E11.7, 

E12.2–E12.5, E12.7, E13.2–E13.5, E13.7, 

E14.2–E14.5, E14.7  

1 

Hemiplegia or 

paraplegia 

G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, 

G83.0–G83.4, G83.9 
2 

Renal disease 

I12.0, I13.1, N03.2–N03.7, N05.2–N05.7, 

N18.x, N19.x, N25.0, Z49.0–Z49.2, Z94.0, 

Z99.2 

2 

Any malignancy, 

including lymphoma 

C00.x–C26.x, C30.x–C34.x, C37.x–C41.x, 

C43.x, C45.x–C58.x, C60.x–C76.x, C81.x–
2 
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and leukemia, except 

malignant neoplasm 

of skin 

C85.x, C88.x, C90.x–C97.x 

Moderate or severe 

liver disease 

I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, 

K72.1, K72.9, K76.5, K76.6, K76.7 
3 

Metastatic solid 

tumor 
C77.x–C80.x 6 

AIDS/HIV B20.x–B22.x, B24.x 6 
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Hypertension (I10-I15)  

(I10) Essential (primary) hypertension 

(I11) Hypertensive heart disease 

(I12) Hypertensive renal disease 

(I13) Hypertensive heart and renal disease 

(I15) Secondary hypertension 

 

Coronary artery disease (I20-I25)  

(I20) Angina pectoris 

(I21) Acute myocardial infarction 

(I22) Subsequent myocardial infarction 

(I23) Certain current complications following acute myocardial infarction 

(I24) Other acute ischaemic heart diseases 

(I25) Chronic ischaemic heart disease 

 

Cerebrovascular disease (I60-I69)  

(I60) Subarachnoid hemorrhage 

(I61) Intracerebral haemorrhage 

(I62) Other nontraumatic intracranial haemorrhage 

(I63) Cerebral infarction 

(I64) Stroke, not specified as hemorrhage or infarction 

(I65) Occlusion and stenosis of precerebral arteries, not resulting in cerebral 

infarction 
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(I66) Occlusion and stenosis of cerebral arteries, not resulting in cerebral 

infarction 

(I67) Other cerebrovascular diseases 

(I68) Cerebrovascular disorders in diseases classified elsewhere 

(I69) Sequelae of cerebrovascular disease 

 

Atrial fibrillation (I48)  

(I48) Atrial fibrillation and flutter 

 

Heart failure (I50)  

(I50) Heart failure 

 

Valvular heart disease (I05-08, I34-36)  

(I05) Rheumatic mitral valve diseases 

(I06) Rheumatic aortic valve diseases 

(I07) Rheumatic tricuspid valve diseases 

(I08) Multiple valve diseases 

(I34) Nonrheumatic mitral valve disorders 

(I35) Nonrheumatic aortic valve disorders 

(I36) Nonrheumatic tricuspid valve disorders 

 

Peripheral artery disease (I70.2, I73.8-I73.9)  

(I70.2) Atherosclerosis of arteries of extremities 

(I73.8) Other specified peripheral vascular diseases 
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(I73.9) Peripheral vascular disease, unspecified 

 

Kidney disease (N17-N19)  

(N17) Acute renal failure 

(N18) Chronic renal failure 

(N19) Unspecified renal failure 

 

Dyslipidemia (E78)  

(E78) Disorders of lipoprotein metabolism and other lipidaemias 

 

Chronic obstructive pulmonary disease (J40-J44)  

(J40) Bronchitis, not specified as acute or chronic 

(J41) Simple and mucopurulent chronic bronchitis 

(J42) Unspecified chronic bronchitis 

(J43) Emphysema 

(J44) Other chronic obstructive pulmonary disease 

 

Alcoholic liver disease (K70) 

(K70) Alcoholic liver disease 

 

Any malignancy (C00-C99) 

(C00-C99) Malignant neoplasms
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2.5. Statistical analysis 

We calculated the propensity scores for elderly patients with DM receiving 

metformin by multivariate logistic regression analysis using the following 

variables: age, gender, comorbidities, co-medication, CCI, and the first year of 

diagnosis of DM (Table 3). In this model, metformin use was defined as a 

dependent variable, and all measured baseline characteristics were contained. 

We matched metformin users to sulfonylurea users using the greedy 5-to-1 

digit-matching algorithm. Standardized differences were used to estimate the 

distribution of baseline characteristics between the 2 groups, and a meaningful 

imbalance was defined as greater than 0.1.(25) 

Baseline characteristics were presented as mean and standard deviation for 

continuous variables and as number and percentage for categorical variables.  

We estimated the incidence of TB in elderly type 2 DM patients per 100,000 

person years. The 95% confidence intervals of incidence rates were assessed 

using the Poisson distribution. We used a Cox proportional hazard regression 

model and Fine and Gray competing risk model to evaluate the effect of 

metformin on the development of TB in a propensity-matched cohort.(26) 

Hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated, 

both unadjusted and adjusted for age, gender, and potential confounders. 

Potential confounders with statistical significance in the univariate model (p-

value < 0.1) were included in the multivariate Cox regression model. The 

proportional hazard assumption was checked using log-log plots of the 

survival functions. Patients who died in the following period were not 

censored, but regarded as a competing risk.  
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Stratified analyses were performed to evaluate the significance of differences 

in patient characteristics according to gender and follow-up years. To 

minimize the effects of other drugs, sensitivity analyses were conducted with 

censoring when a patient was treated with another anti-diabetic drug or insulin 

injections after the index date. We also conducted sensitivity analyses that 

changed the definition of the main outcome to make the outcome variable 

more accurate. In the sensitivity analyses, main outcome was defined as both 

the disease and the anti-TB prescription of at least two or more. The defined 

daily dose (DDD) of metformin provided by the World Health Organization is 

2,000 mg. We calculated the cumulative defined daily dose (cDDD) of 

metformin during the study period, using a DDD of 2,000 mg for metformin. 

Patients who had received metformin were categorized into the following 4 

groups using cDDD: <50 cDDD, 50 ≤ cDDD < 200, 200 ≤ cDDD < 400, and 

400 ≤ cDDD. We also conducted the analyses according to the location of 

tuberculosis. A Cox regression model was used to estimate the HRs and 95% 

CIs to investigate the dose-response relationship compared with sulfonylureas. 

All statistical analyses were performed using SAS version 9.4 (SAS Institute, 

Inc., Cary, NC, USA). A difference was considered significant if the p-value 

was less than 0.05.  
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3. Results 

3.1. Baseline characteristics 

We identified 128,002 patients aged 60 years or older diagnosed with type 2 

DM and treated with metformin or a sulfonylurea between January 1, 2002 

and December 31, 2013. A total of 49,687 patients met the study inclusion 

criteria. After propensity score matching at a 1:1 ratio, 12,440 patients were in 

each group. Figure 1 shows the selection process of the cohort. 

The baseline characteristics of the patients treated with metformin and 

sulfonylureas before and after propensity score matching are presented in 

Table 2 and Table 3. After propensity score matching, the mean age of the 

study population was 72.4 years old, and hypertension and dyslipidemia were 

common comorbidities in both groups. All the absolute values of standardized 

difference in patient characteristics of the propensity score–matched cohort 

groups were less than 0.1.  
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Table 2. Comparison of baseline characteristics between sulfonylurea and 

metformin users in the overall cohort 

Characteristics 
Metformin Sulfonylurea 

SD 
n=19,738 n=29,949 

Continuous variable: 

Mean(SD) 
        

 

Age(years) 73.3  (5.8) 71.4  (6.3) 0.315  

CCI 1.5  (1.6) 1.1  (1.4) 0.251  

      
Categorical variable: n(%) 

     
Sex 

     
Male 7,406 (37.5) 12,066 (40.3) -0.057  

Female 12,332 (62.5) 17,883 (59.7) 
 

      
Comorbidity 

     
Hypertension 13,353 (67.7) 15,451 (51.6) 0.332  

Coronary artery disease 2,749 (13.9) 2,587 (8.6) 0.168  

Cerebrovascular disease 2,351 (11.9) 2,302 (7.7) 0.143  

Atrial fibrillation 429 (2.2) 398 (1.3) 0.064  

Heart failure 809 (4.1) 975 (3.3) 0.045  

Valvular heart disease 136 (0.7) 164 (0.6) 0.018  

Peripheral artery disease 2,319 (11.8) 1,752 (5.9) 0.209  

Chronic kidney disease 104 (0.5) 177 (0.6) -0.009  

Dyslipidemia 6,659 (33.7) 4,719 (15.8) 0.426  

Chronic obstructive 

pulmonary disease 
3,140 (15.9) 3,421 (11.4) 0.131  

Alcoholic liver disease 250 (1.3) 398 (1.3) -0.006  

Any malignancy 755 (3.8) 922 (3.1) 0.041  

      
Medication use 

     
Systemic corticosteroids 9,316 (47.2) 12,352 (41.2) 0.120  

Immunosuppressive 74 (0.4) 117 (0.4) -0.003  

SD : Standardized difference 
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Table 3. Comparison of baseline characteristics between sulfonylurea and 

metformin users in the propensity score-matched cohort 

Characteristics 
Metformin Sulfonylurea 

SD 
n=12,440 n=12,440 

Continuous variable: 

Mean(SD) 
        

 

Age(years) 72.3  (6.1) 72.5  (6.1) -0.041  

CCI 1.4  (1.5) 1.3  (1.5) 0.014  

      
Categorical variable: n(%) 

     
Sex 

     
Male 4,758 (38.3) 4,849 (39.0) -0.015  

Female 7,682 (61.8) 7,591 (61.0) 
 

      
Comorbidity 

     
Hypertension 7,771 (62.5) 7,807 (62.8) -0.006  

Coronary artery disease 1,414 (11.4) 1,417 (11.4) -0.001  

Cerebrovascular disease 1,285 (10.3) 1,221 (9.8) 0.017  

Atrial fibrillation 213 (1.7) 210 (1.7) 0.002  

Heart failure 433 (3.5) 457 (3.7) -0.010  

Valvular heart disease 73 (0.6) 70 (0.6) 0.003  

Peripheral artery disease 1,132 (9.1) 1,142 (9.2) -0.003  

Chronic kidney disease 74 (0.6) 71 (0.6) 0.003  

Dyslipidemia 3,151 (25.3) 3,143 (25.3) 0.002  

Chronic obstructive 

pulmonary disease 
1,712 (13.8) 1,670 (13.4) 0.010  

Alcoholic liver disease 168 (1.4) 162 (1.3) 0.004  

Any malignancy 419 (3.4) 402 (3.2) 0.008  

      
Medication use 

     
Systemic corticosteroids 5,511 (44.3) 5,621 (45.2) -0.018  

Immunosuppressive 46 (0.4) 39 (0.3) 0.010  

      
First year of diagnosis of 

DM      

2003 1,159 (9.3) 982 (7.9) 0.010  

2004 931 (7.5) 924 (7.4) 
 

2005 1,176 (9.5) 1,386 (11.1) 
 

2006 1,241 (10.0) 1,204 (9.7) 
 

2007 1,449 (10.0) 1,204 (9.7) 
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2008 1,676 (13.5) 1,715 (13.8) 
 

2009 1,765 (12.0) 1,778 (14.3) 
 

2010 1,495 (12.0) 1,438 (11.6) 
 

2011 867 (7.0) 856 (6.9) 
 

2012 366 (2.9) 391 (3.1) 
 

2013 315 (2.5) 307 (2.5)   

SD : Standardized difference 
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3.2. Metformin and the risk of tuberculosis 

The results of TB incidence in each group and the risk of TB associated with 

metformin use compared with sulfonylurea use are shown in Table 4. The 

overall TB incidence was 295.3 per 100,000 person-years for metformin users 

and 413.1 per 100,000 person-years for sulfonylurea users. After adjusting for 

potential confounders, the risk of TB development was significantly lower 

among metformin users than among sulfonylurea users (adjusted HR [aHR] = 

0.76; 95% CI, 0.60-0.96). In a gender-stratified analysis, the results were even 

stronger for male participants (aHR = 0.57; 95% CI, 0.40-0.80). However, the 

trend was not statistically significant in female participants. 
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Table 4. The risk of TB development in elderly diabetes patients treated with metformin compared with sulfonylureas in the 

propensity score-matched cohort  

Characteristics 
No of 

events 

  Incidence rate per 

100,000 PY (95% CI) 

Univariate Multivariate* 

  Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=24,880) 
         

Sulfonylurea 152 
 

413.1 (352.4-484.3) 1.00 
  

1.00 
  

Metformin 117 
 

295.3 (246.4-354.0) 0.75  (0.59 , 0.96) 0.76  (0.60 , 0.96) 

          
Male (n=9,607) 

         
Sulfonylurea 90 

 
638.3 (519.2-784.8) 1.00 

  
1.00 

  
Metformin 51 

 
349.6 (265.7-460.0) 0.57  (0.41 , 0.81) 0.57  (0.40 , 0.80) 

          
Female (n=15,273) 

         
Sulfonylurea 62 

 
273.2 (213.0-350.4) 1.00 

  
1.00 

  
Metformin 66   263.6 (207.1-335.6) 1.02  (0.72 , 1.44) 1.02  (0.72 , 1.45) 

*Multivariate including age, sex, comorbidities and co-medications. 
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3.3. Sensitivity analysis 

3.3.1. Censoring other anti-DM drug  

In the sensitivity analysis, we censored other anti-diabetic drug or insulin 

injection after metformin or sulfonylurea treatment. We found no difference 

from the main analysis in the risk of TB development associated with 

metformin use (Table 5). 
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Table 5. Sensitivity analysis of the risk of TB development in elderly diabetes patients treated with metformin compared with 

sulfonylureas in the propensity score-matched cohort with censoring for other anti-diabetic drug or insulin injections after 

metformin/sulfonylurea treatment 

Characteristics 
No of 

events 

  Incidence rate per  

100,000 PY (95% CI) 

Univariate Multivariate* 

  Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=24,880) 
         

Sulfonylurea 107 
 

290.8 (240.6-351.5) 1.00 
  

1.00 
  

Metformin 86 
 

217.1 (175.7-268.1) 0.80  (0.60 , 1.06) 0.80  (0.60 , 1.06) 

          
Male, total (n=9,607) 

         
Sulfonylurea 67 

 
475.2 (374.0-603.8) 1.00 

  
1.00 

  
Metformin 35 

 
239.9 (172.3-334.2) 0.53  (0.35 , 0.80) 0.52  (0.35 , 0.79) 

          
Female, total (n=15,273) 

         
Sulfonylurea 40 

 
176.3 (129.3-240.3) 1.00 

  
1.00 

  
Metformin 51   203.7 (154.8-268.1) 1.24  (0.82 , 1.88) 1.25  (0.83 , 1.89) 

*Multivariate including age, sex, comorbidities and co-medications. 
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3.3.2. Changing outcome definition 

We conducted sensitivity analyses that changed the definition of the main 

outcome to make the outcome variable more accurate. In the sensitivity 

analyses, main outcome was defined as both the disease and the anti-TB 

prescription of at least two or more. We found no difference from the main 

analysis in the risk of TB development associated with metformin use (Table 

6). 
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Table 6. Sensitivity analysis of the protective effect of metformin against tuberculosis in elderly diabetic patients in the 

propensity score-matched cohort changed the definition of main outcome (The main outcome was defined as both the disease 

and the anti-TB prescription of at least 2) 

  No of 

events 

  Incidence rate per 

100,000 PY (95% CI) 

Univariate Multivariate* 

    Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=24,880) 
         

Sulfonylurea 128 
 

348.08 (292.7-413.9) 1.00 
  

1.00 
  

Metformin 98 
 

247.38 (295.2-301.6) 0.75  (0.57 , 0.97) 0.75  (0.58 , 0.98) 

          
Male, total (n=9,607) 

         
Sulfonylurea 73 

 
518.216 (412.0-651.9) 1.00 

  
1.00 

  
Metformin 42 

 
287.94 (212.8-389-6) 0.58  (0.40 , 0.85) 0.58  (0.40 , 0.85) 

          
Female, total (n=15,273) 

         
Sulfonylurea 55 

 
242.43 (186.1-315.8) 1.00 

  
1.00 

  
Metformin 56   223.755 (172.2-290.8) 0.97  (0.67 , 1.41) 0.98  (0.67 , 1.43) 

*Multivariate including age, sex, comorbidities and co-medications. 
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3.3.3. Stratification analysis by age 

We conducted sensitivity analyses that changed the definition of the age 

definition. Table 7 showed the results of the analysis after dividing around 85 

years old. Table 8 shows the results of stratification analysis from 60 to 10 

years old. After adjusting for potential confounders, the risk of TB 

development was significantly lower among metformin users than among 

sulfonylurea users in all age groups (Table 7, Table 8). 
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Table 7. Sensitivity analysis of the protective effect of metformin against tuberculosis in elderly diabetic patients in the 

propensity score-matched cohort by age (younger than 85 years or not) 

  No of 

events 

  Incidence rate per  

100,000 PY (95% CI) 

Univariate Multivariate* 

    Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=24,880) 
         

Sulfonylurea 152 
 

413.1 (352.4-484.3) 1.00 
  

1.00 
  

Metformin 117 
 

295.3 (246.4-354.0) 0.75  (0.59 , 0.96) 0.76  (0.60 , 0.96) 

          
60 ≤ age < 85  (n=23,889) 

         
Sulfonylurea 143 

 
401.0 (340.4-472.5) 1.00 

  
1.00 

  
Metformin 113 

 
292.9 (243.6-352.3) 0.77  (0.60 , 0.98) 0.77  (0.61 , 0.99) 

          
85 ≤ age  (n=991) 

         
Sulfonylurea 9 

 
792.6 (412.6-1524.0) 1.00 

  
1.00 

  
Metformin 4   381.5 (143.3-1016.9) 0.47  (0.14 , 1.52) 0.47  (0.14 , 1.56) 

*Multivariate including age, sex, comorbidities and co-medications. 
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Table 8. Sensitivity analysis of the protective effect of metformin against tuberculosis in elderly diabetic patients in the 

propensity score-matched cohort by age (60s, 70s, 80 years and older) 

  No of 

events 

  Incidence rate per  

100,000 PY (95% CI) 

Univariate Multivariate* 

    Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=24,880) 
         

Sulfonylurea 152 
 

413.1 (352.4-484.3) 1.00 
  

1.00 
  

Metformin 117 
 

295.3 (246.4-354.0) 0.75  (0.59 , 0.96) 0.76  (0.60 , 0.96) 

          
60 ≤ age < 70  (n=8,873) 

         
Sulfonylurea 44 

 
297.3 (221.3-399.6) 1.00 

  
1.00 

  
Metformin 36 

 
215.0 (309.6-501.6) 0.76  (0.49 , 1.18) 0.76  (0.49 , 1.19) 

          
70 ≤ age < 80  (n=12,728) 

         
Sulfonylurea 80 

 
446.0 (358.3-555.3) 1.00 

  
1.00 

  
Metformin 62 

 
330.7 (257.8-424.1) 0.77  (0.56 , 1.08) 0.78  (0.56 , 1.08) 

          
80 ≤ age  (n=3,279) 

         
Sulfonylurea 28 

 
689.6 (476.2-998.8) 1.00 

  
1.00 

  
Metformin 19   460.7 (293.9-722.5) 0.69  (0.38 , 1.23) 0.67  (0.38 , 1.20) 

*Multivariate including age, sex, comorbidities and co-medications. 
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3.3.4. Analysis using overall cohort 

We conducted sensitivity analyses that analyzed using overall cohort. After 

adjusting for potential confounders, the risk of TB development was 

significantly lower among metformin users than among sulfonylurea users in 

overall cohort (Table 9). 
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Table 9. Protective effect of metformin against tuberculosis in elderly diabetic patients in the overall cohort 

  
No of events 

Univariate Multivariate* 

  Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=49,687) 
       

Sulfonylurea 369 1.00 
  

1.00 
  

Metformin 153 0.81  (0.67 , 0.97) 0.81  (0.66 , 0.98) 

        
Male (n=19,472) 

       
Sulfonylurea 200 1.00 

  
1.00 

  
Metformin 75 0.79  (0.60 , 1.03) 0.63  (0.59 , 0.67) 

        
Female (n=30,215) 

       
Sulfonylurea 169 1.00 

  
1.00 

  
Metformin 78 0.86  (0.65 , 1.12) 0.64  (0.60 , 0.68) 

*Multivariate including age, sex, comorbidities and co-medications. 
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3.4. Dose-response relationship 

The results for the risk of TB incidence associated with different dosage 

ranges of metformin are shown in Table 10. In the multivariate Cox regression 

model, we found a lower risk of TB according to metformin dose, in 

comparison with sulfonylurea. The aHR for TB development gradually 

decreased with increasing metformin doses (Table 10). 
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Table 10. Dose-response relationsh of TB occurrence of different metformin doses compared with sulfonylurea 

Characteristics 
No of 

patients 

No of 

events 

Univariate Multivariate* 

Crude HR 95% CI p trend Adjusted HR 95% CI p trend 

Total cohort (n=24,880) 
          

Sulfonylurea 12,440 152 1.00 
   

1.00 
   

Metformin cDDD  

< 50 
6,030 66 1.05  (0.79 , 1.40) <0.001 0.98  (0.73 , 1.32) 0.001  

Metformin cDDD  

50-200 
2,709 27 0.87  (0.57 , 1.30) 

 
0.86  (0.57 , 1.30) 

 

Metformin cDDD 

200-400 
1,739 16 0.63  (0.38 , 1.05) 

 
0.67  (0.40 , 1.11) 

 

Metformin cDDD 

≥400 
1,962 8 0.22  (0.11 , 0.44) 

 
0.25  (0.12 , 0.50) 

 

           
Male, total (n=9,607) 

          
Sulfonylurea 4,849 90 1.00 

   
1.00 

   
Metformin cDDD  

< 50 
2,369 30 0.78  (0.52 , 1.18) 0.006  0.73  (0.48 , 1.10) <0.001 

Metformin cDDD  

50-200 
1,030 11 0.61  (0.33 , 1.14) 

 
0.60  (0.32 , 1.14) 

 

Metformin cDDD  

200-400 
639 7 0.51  (0.24 , 1.10) 

 
0.55  (0.25 , 1.18) 

 

Metformin cDDD 

≥400 
720 3 0.16  (0.05 , 0.49) 

 
0.17  (0.06 , 0.54) 
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Female, total (n=15,273) 
          

Sulfonylurea 7,591 62 1.00 
   

1.00 
   

Metformin cDDD  

< 50 
3,661 36 1.44  (0.96 , 2.17) 0.014  1.38  (0.90 , 2.12) 0.040  

Metformin cDDD  

50-200 
1,679 16 1.25  (0.72 , 2.16) 

 
1.24  (0.72 , 2.13) 

 

Metformin cDDD  

200-400 
1,100 9 0.81  (0.40 , 1.63) 

 
0.83  (0.41 , 1.66) 

 

Metformin cDDD 

≥400 
1,242 5 0.31  (0.13 , 0.76)   0.34  (0.14 , 0.83)   

*Multivariate including age, sex, comorbidities and co-medications. 
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3.5. Pulmonary or extrapulmonary TB 

The results for the risk of TB incidence according to location are shown in 

Table 11. After adjusting for potential confounders, the risk of pulmonary or 

extrapulmoary TB development was not significantly lower among metformin 

users than among sulfonylurea users.  
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Table 11. The risk of pulmonary TB or extrapulmonary TB development in elderly diabetes patients treated with metformin 

compared with sulfonylureas in the propensity score-matched cohort 

Characteristics 
No of events Univariate Multivariate* 

Metformin Sulfonylurea Crude HR 95% CI Adjusted HR 95% CI 

Total cohort (n=24,880) 
        

Pulmonary tuberculosis 97 96 0.98  (0.74 , 1.31) 1.00  (0.75 , 1.32) 

Extrapulmonary tuberculosis 9 15 0.58  (0.26 , 1.32) 0.56  (0.25 , 1.28) 

         
Male (n=9,607) 

        
Pulmonary tuberculosis 41 56 0.74  (0.49 , 1.10) 0.74  (0.49 , 1.11) 

Extrapulmonary tuberculosis 4 6 0.67 (0.19 , 2.38) 0.63 (0.18 , 2.17) 

  
  

      
Female (n=15,273) 

        
Pulmonary tuberculosis 56 40 1.33  (0.89 , 2.00) 1.35  (0.90 , 2.03) 

Extrapulmonary tuberculosis 5 9 0.53  (0.18 , 1.58) 0.52  (0.18 , 1.57) 

*Multivariate including age, sex, comorbidities and co-medications. 
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3.6. Risk of TB development during follow-up days 

The results of the cumulative incidence function for TB in patients who 

received metformin and patients who received a sulfonylurea are shown in 

Figure 2. As can be seen in the graph, the cumulative incidence of TB was 

consistently lower in patients who received metformin. 

The results for the risk of TB incidence according to follow-up years are 

shown in Table 12, Table 13. In the multivariate Cox regression model, we 

found a lower risk of TB according to metformin compared with sulfonylurea 

in all follow-up periods.
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Figure 2. Cumulative incidence function for tuberculosis in patients with metformin and patients with sulfonylurea by a Fine-

Gray subdistribution hazard model. 



 38 

Table 12. The risk of TB development in elderly diabetes patients treated with metformin compared with sulfonylureas in the 

propensity score-matched cohort between follow-up days (1, 3, 5, 10 years or less) 

Characteristics 
No of events   Univariate Multivariate* 

Metformin Sulfonylurea   Crude HR 95% CI Adjusted HR 95% CI 

Follow-up years 

(n=24,880)          

≤ 1 year 43 61 
 

0.71  (0.48 , 1.04) 0.71  (0.48 , 1.04) 

≤ 3 years 84 113 
 

0.74  (0.56 , 0.98) 0.74  (0.56 , 0.98) 

≤ 5 years 102 140 
 

0.72  (0.55 , 0.92) 0.72  (0.56 , 0.93) 

≤ 10 years 117 152 
 

0.75  (0.59 , 0.96) 0.76  (0.60 , 0.96) 

*Multivariate including age, sex, comorbidities and co-medications. 
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Table 13. The risk of TB development in elderly diabetes patients treated with metformin compared with sulfonylureas in the 

propensity score-matched cohort between follow-up days (up to 1, 2, 3, 4 years) 

  
Total 

No of events   Univariate Multivariate* 

  Metformin Sulfonylurea   Crude HR 95% CI Adjusted HR 95% CI 

Follow-up days 

(n=24,880)           

≥ 1 year  17,443 63 82 
 

0.73  (0.53 , 1.01) 0.73  (0.53 , 1.02) 

≥ 2 year 14,141 43 53 
 

0.74  (0.50 , 1.11) 0.74  (0.50 , 1.11) 

≥ 3 year 11,153 27 35 
 

0.69  (0.42 , 1.13) 0.68  (0.42 , 1.13) 

≥ 4 year 8,301 18 19 
 

0.82  (0.43 , 1.57) 0.81  (0.42 , 1.53) 

*Multivariate including age, sex, comorbidities and co-medications. 
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4. Discussion 

The results of the present study showed that metformin use was associated 

with a lower risk of TB development among elderly type 2 DM patients than 

sulfonylurea use. Even though the results were not statistically significant in 

female participants, we found a dose-response relationship between 

metformin dosage and the risk of TB development in both men and women. 

Our findings on the risk of TB in DM patients correspond to the results of 

previous studies.(18-22, 27) The results of the present study are similar to 

recently published data from Taiwan that examined metformin majors, 

defined as patients receiving ≥ 60 cDDD of metformin, and found that they 

had a significantly lower TB risk than sulfonylurea majors (those who 

received < 15 cDDD of a sulfonylurea in the initial 2 years) using the Taiwan 

National Health Insurance Research Database.(19) However, it is difficult to 

compare these findings directly due to differences in patient characteristics 

and study design, as the present study included elderly type 2 DM patients, 

monotherapy patients, and analyzed a propensity-matched cohort. To best of 

our knowledge, this is the first clinical study to report an association between 

metformin and TB occurrence with a focus on a high-risk population, 

especially the elderly.  

A significant protective effect was observed in men in the present study, but 

the protective effect in women was inconclusive. The overall cohort was 

significant for both genders, but the propensity score-matched cohort showed 

different results for both genders. In previously published studies, 
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stratification by gender showed concordance, but not all studies agreed.(20, 

21) Given the finding of gender differences in TB occurrence, the question 

arises of which factors may explain this difference. The global prevalence of 

TB significantly differs between men and women.(28-30) Survey data from 

29 studies in 14 countries worldwide have shown that TB is more a disease of 

men than of women. In Asia, TB prevalence rates were twice as high in males 

as in females.(28) Annual reports of notified cases of TB in Korea, including 

those included in this study, have also reported a high prevalence in men and a 

small number of TB cases in women; this discrepancy may have been 

implicated in the loss of significance due to decreased statistical power.(11) 

Differences in the societal roles of men, health habits (e.g., smoking and 

drinking alcohol), and the recent transmission of TB may contribute to gender 

differences in TB.(30) In addition, gender differences in TB epidemiology 

may arise as a consequence of differences in biological functioning and in 

fundamental metabolic processes.(31) For example, it was hypothesized that 

estrogen, one of the sex hormones, may have a role in preventing tuberculosis. 

And we thought it may have different gender-specific consequences for 

postmenopausal women who had low level of estrogen.(32, 33) Based on an 

in vivo study in which the mean lifespan was significantly increased in 

neonatal metformin-treated male mice, but was not in neonatal metformin-

treated female mice, we can assume that the target and action of the drug may 

vary by gender.(34) Given the robust significance after considering other anti-

diabetic drugs or insulin injections, diabetes severity, drug adherence, and 

unexpected confounding factors, this discrepancy may be considered to reflect 
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gender differences.  

We found the risk of pulmonary or extrapulmoary TB development was not 

significantly lower among metformin users compared with sulfonylurea users. 

Since the directionality was the same, the loss of statistical significance was 

due to the number of the outcome dividing by the location of occurrence of 

TB. 

Although current anti-TB treatments are well-established, drug toxicity and 

the development of drug-resistant TB are a continuing threat. As the 

conventional pathogen-targeted strategies have reached their limits for the 

above reasons, “host-targeted” adjunct therapeutic strategies have emerged as 

part of a new drug discovery paradigm that includes the therapeutic 

modulation of host cell responses to enhance pathogen eradication.(35) 

Metformin is extensively used in clinical settings to treat type 2 DM, and it is 

also known to be an adenosine monophosphate-activated protein kinase 

(AMPK) activating agent.(36, 37) A few studies, mostly in vitro and in vivo 

studies, have investigated metformin as a host-adjunctive therapy. An 

experimental study by Singhal et al. demonstrated that AMPK activation and 

mitochondrial reactive oxygen species production by metformin suppressed 

intracellular M. tuberculosis growth, reduced inflammation, and enhanced the 

effect of conventional anti-TB drugs.(14) Their findings documented a 

pathologic improvement in M. tuberculosis-infected mice treated with 

metformin through reduced numbers of acid-fast bacilli (AFB) and increased 

lymphocyte infiltration. Meanwhile, a recent comprehensive system-level 

mapping of metabolic complexity in M. tuberculosis suggested that metformin 
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may inhibit respiratory chain complex NDH-I and further prevent the 

formation of a persistent phenotype.(38) These studies raise the possibility 

that metformin may promote good treatment outcomes in diabetic TB patients. 

Singhal et al. reported that metformin enhanced the host immune response by 

increasing the number of mycobacteria-specific interferon-gamma–secreting 

CD8
+
 T cells and CD4

+
 T cells independently of infection and may contribute 

to tuberculosis control. That study also showed that metformin was associated 

with enhanced M. tuberculosis-specific T cells and reduced T-SPOT reactivity 

in DM patients with latent TB and may protect against latent TB. Another 

previous study reported that metformin enhanced phagocytosis and autophagy 

in macrophages, which are essential for killing intracellular M. 

tuberculosis.(39) This suggests that metformin may have a preventive effect, 

as well as a therapeutic effect against TB, through various mechanisms. In 

contrast, to the best of our knowledge, no anti-TB effects of sulfonylureas 

have been studied.  

Sulfonylureas, which act to increase insulin release, were a class of anti-

diabetic medicines widely used as the initial treatment drug of type 2 DM in 

the 1990s-2000s.(40, 41) Recently, metformin has become the first-line drug 

in DM treatment guidelines, and it accounts for a large part of anti-diabetic 

drug prescriptions.(41-43) However, both metformin and sulfonylureas were 

commonly used as primary drugs in this study period, and until July 1, 2011, 

both were recognized as first-line drugs in the Korean health insurance 

standard. Therefore, we selected sulfonylurea users as reference group to 

maximize comparability, and the first year of diagnosis of DM was considered 



 

 

44 

as a confounder when matching. In addition, propensity score–based matching 

and adjustments improved the comparability and made the results more sound. 

This study possesses several strengths. It reflected real-world circumstances 

by using claims data from a nationally representative sample of the National 

Health Insurance Service-Senior, which contained a long follow-up period. 

Because there is a national health insurance coverage system in Korea, claims 

data enable the assessment of medical use at the national level. To increase the 

accuracy of the diagnosis of DM and TB, we restricted subjects to those who 

met both the diagnostic code and the prescription criteria. Moreover, our data 

contained information on mortality, and we considered death as a competing 

risk. To reduce bias, we applied propensity score matching and adjusted for 

potential confounders by using a Cox proportional hazard model. We also 

performed a sensitivity analysis and identified a dose-response relationship. 

We focused on the elderly population with a high prevalence of type 2 DM 

and tuberculosis, and these findings are expected to be highly applicable to 

clinical practice. 

However, these results should be interpreted with caution. The claims data 

had the possibility of inaccurate coding and incomplete records. Moreover, 

the claims data contained no clinical information such as blood test results, 

lifestyle variables, or radiologic exam results, which made it difficult to 

accurately assess patients’ conditions. For instance, hemoglobin A1c levels 

reflect patients’ glycemic control, and chest X-rays and AFB culture improve 

the accuracy of tuberculosis diagnosis. Therefore, we applied advanced 

statistical methods, such as propensity score matching and a multivariate Cox 
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regression model including competing risk and potential confounders. 

However, despite the efforts described above, unexpected or unmeasured 

confounders could not be completely ruled out. Additionally, we could not 

rule out patients with latent TB, but this probability would apply equally to 

both groups (non-differential misclassification), and therefore it would have 

little impact on our findings. This study used the Korean population, which 

may be a limitation to generalizing the study results to Western countries or 

worldwide. 
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5. Conclusion  

In conclusion, our data suggest that, compared with the use of sulfonylureas, 

treatment with metformin was associated with a decreased risk of TB 

development among newly diagnosed elderly type 2 DM patients. However, 

the protective effect in women was inconclusive, and further studies on 

gender differences will be needed. These findings suggest that treatment with 

metformin for the primary prevention of TB development should be 

considered in elderly patients with type 2 DM. However, this is an 

observational study; thus, ongoing clinical trials to clearly determine the 

protective effect of metformin against TB are required.  
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초    록 

 
배경 및 목적: 전세계적으로 결핵과 당뇨병은 높은 유병률로 인하여 

심각한 보건학적 문제가 되고 있다. 결핵의 위험요인은 나이, 성별 

등 조절이 불가능한 요인도 있지만 동반질환, 면역력, 복용약물 등 

조절가능한 요인도 있다. 혈당을 조절하기 위한 당뇨병 치료의 

대표적인 1차 약물인 메트포민은 뛰어난 혈당강하효과뿐 아니라 

심혈관계 질환에 대한 보호효과와 더불어 최근에는 결핵에 대한 

보호효과가 있다는 연구발표도 있다. 당뇨병은 평생 치료해야 하는 

질환으로 예방도 중요하지만 관리도 중요한 질병으로 약제 선택은 

여러 개인적 상황 및 동반질환을 염두에 두고 결정하게 되므로 

적절한 약제 선택이 무엇보다 중요하다. 이에 본 연구는 우리나라 

대표성 있는 자료를 이용하여 노인 당뇨병환자에서 메트포민과 

설포닐우레아 사용이 결핵발생 위험에 미치는 영향을 비교하고자 

수행하였다. 

 

연구방법: 국민건강보험공단의 노인표본코호트자료를 이용하여 

후향적 코호트 연구를 수행하였다. 2003년 1월 1일부터 2013년 

12월 31일까지 제 2형 당뇨병(ICD-10, E11)을 진단받고, 1번 

이상 혈당강하제 (설포닐우레아, 메트포민)를 처방받은 만 60세 

이상 노인환자를 연구대상자로 정의하였다. 진단명 및 

약물처방자료를 이용하여 성향점수를 산출한 후 메트포민군과 

설포닐우레아 약물군을 1:1로 짝짓기를 하였다. Cox proportional 

hazard model을 이용하여 메트포민과 설포닐우레아의 
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결핵발생률을 산출하고, 상대위험도 및 95% 신뢰구간을 

산출하였다. 성별에 따른 층화분석 및 민감도 분석을 시행하였다. 

 

연구결과: 설포닐우레아사용군 29,949명과 메트포민사용군 

19,738명이 포함되는 최초 코호트를 구축하였다. 성향점수로 

짝지은 코호트에는 각 군당 12,440명이 포함되었다. 각 군에서 

결핵발생률은 설포닐우레아사용군에서 10만인년 당 413.1명, 

메트포민사용군에서 10만인년 당 295.3명 이었다. 성향점수로 

짝지은 코호트에서 설포닐우레아사용군에 비해, 메트포민사용군의 

결핵 발생의 보정된 상대위험도는 0.76 (95% CI: 0.60-0.96)로 

통계적으로 유의한 감소효과를 확인하였다. 성별로 층화분석하였을 

때, 남자에서 메트포민사용군의 결핵 발생의 보정된 상대위험도는 

0.57 (95% CI: 0.40-0.80)로 의미있게 감소한 것으로 나타났으나, 

여자에서는 통계적으로 유의한 감소효과는 없었다. 용량반응관계를 

확인하기 위해 메트포민 용량별로 결핵 발생 상대위험도를 

확인하였는데, 용량이 증가할수록 결핵 발생의 상대위험도가 감소한 

것으로 나타났다.  

 

결론: 본 연구결과 메트포민사용군에서 설포닐우레아사용군에 

비하여 결핵 발생의 위험이 감소하는 것을 확인하였다. 하지만 

여자에서 감소효과를 확인하지 못하여, 향후 성별 차이에 대한 추가 

연구가 필요할 것이다. 본 연구는 우리나라 대표성 있는 자료로 

고령사회에 유병률이 높으면서 사회경제적 부담을 큰 당뇨병과 

결핵의 관련성을 밝힘으로써 예방 및 치료의 중요성이 강조될 수 

있다. 또한 노인 제 2형 당뇨병환자에서 약물 선택의 근거 및 
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가이드라인 수립의 기초자료로 활용할 수 있다. 

 

주요어: 메트포민, 설포닐우레아, 당뇨병, 결핵, 노인 
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