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Objective: Tuberculosis (TB) is a widespread infectious disease. Metformin is a first-line agent
for patients with type 2 diabetes mellitus (DM) and has been reported to have potential protective
effect against TB infection. This study examined the possible protective effect of metformin
against TB infection in patients with DM.

Methods: We used time-density sampling to match TB cases with non-TB controls out of 97,487
patients with type 2 DM from 1998 to 2013. Conditional logistic regression was used to assess
the odds ratios (OR) for the two groups.

Results: A total of 3,642 patients with TB and 34,837 non-TB controls with type 2 DM were
enrolled. The crude OR of TB infection in a current metformin user was 0.55 (95% CI: 0.48 —
0.63, p <0.001) in comparison with a non-metformin user. Adjusted OR was 0.66 (95% CI: 0.57
—0.76, p <0.001) after adjusting for duration of diagnosis of DM, severity of DM, and associated
comorbidities. In a metformin dose analysis, the OR for TB infection with medium and high
doses were 1.03 (95% CI: 0.62 — 1.71) and 0.85 (95% CI: 0.54 — 1.32), respectively, compared
with that with a low dose.

Conclusions: The findings suggest a possible dose-independent protective effect of metformin
against TB infection.
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in Taiwan. In 2012, there were 12,338 cases

Introduction

Tuberculosis (TB), which is a widespread
communicable disease, remains a critical
public health concern.? According to a 2016
report by the World Health Organization, there
were approximately 10.4 million new cases
globally and an estimated 1.4 million deaths
from TB in 2015." It is also an endemic disease

(53.0 cases per 100,000 population) and 626
TB-related deaths (2.7 cases per 100,000 popu-
lation). Age, male sex, smoking habit, type 2
diabetes mellitus (DM), human immunodefi-
ciency infection (HIV), immunosuppressive
therapy, being a transplantation recipient, and
chronic renal failure are risk factors associated
with TB infection.’*

Type 2 DM (T2DM) is one of the most
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common medical disorders that affected up
to 451 million people worldwide in 2017. In
Taiwan, DM is one of the top 10 causes of
death. Nearly 10,000 people die each year
because of diabetes.® Since DM reduces both
adaptive and innate immune responses to TB,
patients with DM are more susceptible to TB
infection.”” An estimated 16% of TB cases
worldwide were attributable to DM in a sys-
tematic review.'’ In addition, DM is associ-
ated with poor outcomes, including relapse,
reinfection, treatment failure, and death in TB
patients.>"

Since its approval in the United States in
1995, metformin has become one of the most
commonly prescribed drugs for T2DM."" It is
currently the first-line treatment for patients
with T2DM. In addition to blood sugar control,
several studies have reported novel effects
of metformin, such as its protective effect
against dementia, cardiac vascular diseases,
and cancer.”” In 2014, Singhal et al. reported
that metformin enhances adenosine mono-
phosphate-activated protein kinase (AMPK)
activation and inhibits the intracellular growth
of TB." In a mouse model, metformin reduced
inflammation and increased the specific
immunity and efficacy of anti-TB agents. The
authors concluded that metformin might be
suitable as an adjunctive treatment for TB in-
fection.”

Preliminary studies have suggested that
metformin has protective effects against TB
infection,” " justifying an investigation into its
P14 We conducted

a population-based nested case-control study to

use in the setting of diabetes.

investigate the effect of current metformin use
on the risk of contracting TB in patients with
DM and to compare its effectiveness with other
anti-diabetic agents.

Materials and Methods

Data source
We used the National Health Insurance

Research Database (NHIRD), a universal
insurance program database established in
Taiwan in 1995. The database contains com-
prehensive drug history and medical records
of all Taiwanese residents with a coverage rate
higher than 98%. The NHIRD is authorized to
provide insured registration files and original
reimbursement claims data during the period
from 1998 through 2013.

For privacy and security purposes, the
identity data of patients are encrypted in the
NHIRD. Diagnosis and drug coding are based
on the International Classification of Disease,
Ninth Revision, Clinical Modification (ICD-9-
CM). This study was approved by the Ethics
Committee of the E-Da Hospital.

Definition of tuberculosis infection

Diagnosis of active TB was defined as the
ICD-9-CM codes for TB (010 — 018) and hos-
pitalization or at least two ambulatory visits.
The diagnosis was confirmed by the prescrip-
tion of two or more anti-TB drugs for more
than 60 days.* The anti-TB drugs included ri-
fampicin, isoniazid, ethambutol, pyrazinamide,
aminoglycosides (streptomycin, kanamycin,
and amikacin), quinolone (moxifloxacin and
levofloxacin), prothionamide, ethionamide, cy-
closerine, para-aminosalicylate, and capreomy-
cin.

Definitions of diabetes mellitus and anti-
diabetic drug user

The definition of current metformin use
was metformin prescription of more than 28
days before and overlapping the index date
(i.e., diagnosis of TB). The same definition was
applied for other diabetes medications, includ-
ing sulfonylurea, alpha-glucosidase inhibitors,
and thiazolidinedione.

Study population

We used time-density sampling and in-
dividually matched each case regarding time
of TB diagnosis.'”"" Information on age, sex,
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year of cohort entry, level of urbanization of
area of residence, monthly income, Charlson
Comorbidity Index score, adapted Diabetes
Complications Severity Index (DCSI) score'
and duration of diagnosis of DM was collected.

The urbanization level of townships in
Taiwan was categorized as low, medium, or
high according to the method developed by
Liu."” Baseline associated risk factors of active
TB were also identified. These included bron-
chiectasis (ICD-9-CM 494), acquired immune
deficiency syndrome (ICD-9-CM 042), chronic
obstructive pulmonary disease (COPD;
ICD-9-CM 491, 492, 494, or 496), autoimmune
disease (ICD-9-CM 710 and 714), malignancy
(ICD-9-CM 140 — 208), organ transplantation
(ICD-9-CM 996 and V042), hepatitis B virus
(HBV; ICD-9-CM 070.2, 070.3, and V02.61),
hepatitis C virus (HCV; ICD-9-CM 070.7,
070.41, 070.44, 070.51, 070.54, and V02.62),
and liver cirrhosis (ICD-9-CM codes 571.2,
571.5, or 571.6). Certification in the Registry

of Catastrophic Illness was also recorded.

We also estimated the protective effect
among different daily dosages of metformin,
which were divided into low (< 1,000 mg/day),
medium (1,000 — 2,000 mg/day) and high (>
2,000 mg/day) doses.”**'

Statistical analysis

The continuous variables were summa-
rized as means and standard deviations, and the
categorical variables were listed as the number
of cases and percentages with respect to the
total group sample. Continuous between-group
variables were compared using Student’s t test,
and the categorical variables were examined
with either chi-square test or Fisher’s exact
test. Using conditional logistic regression, we
calculated crude and adjusted odds ratios (ORs)
as estimates of relative risk and 95% confi-
dence intervals (CIs) to assess the association
between metformin use and TB. All statistical
analyses were performed with SAS version 9.4

All diabetic individuals recruited
from 1998 to 2013 (n = 98,266)

A

Exclude those with type
1 diabetes (n = 325),
under 18 year old when
identification of diabetes
(n =452)

97,489 diabetic patients were included

Follow-up
A

Cases (TB): n = 3,642 (3.74%)
Control (Non-TB): n = 93,847 (96.26%)

y

1:10 Time-density sampling matching
individually matched to each case on time of TB
diagnosis (reference data for the controls)

Cases (TB): n = 3,642
Control (Non-TB): n = 34,837

Fig. 1 Flowchart of identifying patients with diabetes with and without tuberculosis infection.



Tsai et al. / E-Da Medical Journal 2021;8(1):1-8

(SAS Institute, Cary, NC, USA). Two-sided p
values of < 0.05 were considered statistically
significant.

Results

The study population consisted of 98,266
patients with DM from 1998 to 2013; 97,489
patients with T2DM were enrolled after exclu-
sion of patients with type 1 DM and of those
under 18 years of age. TB was diagnosed in
3,642 (3.74%) of these patients. After 1:10
time-density sampling, 34,837 controls were
enrolled in the non-TB group (Fig. 1).

Table 1 presents the demographic char-
acteristics of patients in the TB and control
groups. Patients with TB infection had a lower
monthly income, lower residence urbanization
level, higher DCSI score, and higher percent-
age of comorbid like HIV infection, COPD,

Table 1. Demographics and disease status of study patients.

malignancy, organ transplant, HBV infection,
HCYV infection, liver cirrhosis, and bronchiec-
tasis compared with those in the control group.
Table 2 details the association between
metformin use and TB infection in comparison
with other diabetes medications in patients with
T2DM. Metformin was prescribed in 14.0%
of patients (510/3,642) in the TB group and
24.11% (8,399/34,837) in the control group.
Metformin use was associated with decreased
odds of developing TB (crude OR 0.55, 95%
CI: 0.48 — 0.63, p < 0.001), and the adjusted
OR was 0.66 (95% CI: 0.57 — 0.76, p < 0.001)
after adjusting for duration of diagnosis of DM,
severity of DM, and associated comorbidities.
Results regarding the correlation between
the daily dose of metformin and TB infec-
tion were presented in Table 3. TB infection
was diagnosed in 16.3%, 25.7%, and 58% of
patients with T2DM taking low, medium, and

TB Non-TB
n = 3,642 n = 34,837 p-value
Variable N % N %
Age (SD) 66.28 14.59 64.56 14.78
Gender (Male) (%) 2,567 70.5 16,579 47.65 <0.0001
Monthly income (SD) 175 11,260 <0.0001
(12,663.6) (14,907.5)
Urbanization (%) <0.0001
Low 217 10.46 749 4.27
Medium 343 16.53 2,110 12.04
High 1,515 73.01 14,672 83.69
Duratiop of diagnosis of diabetes 45.6 52.40 <0.0001
mellitus,months (SD) (43.84) (42.88)
DCSI 1.11 1.51 0.51 0.99 <0.0001
Baseline comorbidities (%)
HIV 6 0.16 3 0.01 <0.0001
COPD 1,199 32.92 6,125 17.58 <0.0001
Autoimmune disease 173 4.75 1,515 435 0.2605
Cancer 444 12.19 2,214 6.36 <0.0001
Organ transplantation 100 2.75 599 1.72 <0.0001
HBV 136 3.73 910 2.61 <0.0001
HCV 128 3.51 743 2.13 <0.0001
Liver cirrhosis 217 5.96 839 2.41 <0.0001
Bronchiectasis 185 5.08 365 1.05 <0.0001

TB: tuberculosis, DCSI: adapted Diabetes Complications Severity Index, HIV: human immunodeficiency viral
infection, COPD: chronic obstructive pulmonary disease, HBV: hepatitis B viral infection, HCV: hepatitis C viral

infection
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Table 2. Associations between metformin use and risk of tuberculosis in study groups.

B Non-TB OR (95% CI
(n=3,642) (n = 34,837) (95% CI)
N % N % Crude Adjusted
Absent (non-metformin) 3,132 85.9 26,438 75.9 1.00 1.00
Present (metformin) 510 14.0 8,399 24.1 0.55(0.48 - 0.63) 0.66 (0.57 —0.76)

TB: tuberculosis, OR: odds ratio, CI: confidence interval
* Adjust factors in Table 1

high doses of metformin, respectively. In the
control group, the percentage of patients diag-
nosed with TB infection was 13.4%, 24.7%,
and 61.9% for low, medium, and high doses,
respectively. The crude OR was 1.03 (95% CI:
0.62 — 1.71) for a medium dose and 0.85 for a
high dose (95% CI: 0.54 — 1.32) in comparison
with that in the low dose group. The adjusted
OR was 1.16 (95% CI: 0.66 — 2.05) for a
medium dose and 0.86 for a high dose (95%
CI: 0.53 — 1.41) in comparison with that in the
low dose group.

Discussion

This is a population-based nested case-
control study to investigate the possible pro-
tection effect of current metformin use against
active TB infection in comparison with non-
metformin users with diabetes. We found that
current metformin use was associated with a
significantly lower risk of active TB infection
in comparison with that in non-metformin users
after the adjustment of associated confounding
factors but the protective effect is not signifi-

cantly related to the dosage of metformin.

Our study of the demographic charac-
teristics of patients indicated that those with
advanced age, male sex, COPD, malignancy,
organ transplant, viral hepatitis (i.e., HBV,
HCYV), and liver cirrhosis appeared to be at a
higher risk of contracting active TB. This is
compatible with prior well-known risk factors.”
% We excluded chronic kidney disease not only
because it is a known risk factor for TB infec-
tion but also due to the fact that metformin is
contraindicated in patients with renal failure.”
Although HIV infection is a major risk for TB
infection,’ our study had a low number of HIV
cases. A possible explanation might be the
prevalence of HIV infection among relatively
young individuals in whom DM is uncommon.

Not only is poor diabetes control known
to increase the risk of TB infection but it is also
associated with a poor outcome.’ Glycated he-
moglobin (HbAIc) is a key marker for chronic
sugar control that has a strong correlation with
long-term complications of diabetes. However,
data on blood sugar level and HbAlc were not
available in the NHIRD. Therefore, instead

Table 3. Correlations among daily doses of metformin and risk of tuberculosis in study groups.

B Non-TB OR
(n = 3,642) (n=34,837) (95% CI)
N % N % Crude Adjusted
Metformin (ref. < 1000 mg/day) 83 16.3 1,121 13.4 1.00 1.00
Medium dose (1000 — 2000 mg/day) 131 257 2,072 247 103 116
cdium dose — m a . N .
gy 0.62—1.71) (0.66—2.05)
0.85 0.86
High dose (> 2000 mg/day) 296 580 5206 619

(0.54-1.32) (0.53— 1.41)

TB: tuberculosis, OR: odds ratio, CI: confidence interval
* Adjust factors in Table 1
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of blood sugar level and HbAlc, we adopted
the DCSI scores to assess the severity of DM
without relying on laboratory data. DCSI has
been found to be a reliable measure of diabetes

: : : 18,23
severlty m previous research. ™

Our findings
also indicated that patients with TB infection
had significantly higher DCSI scores (Table 1).

Metformin, which is a biguanide that has
become one of the most widely used agents in
the treatment of T2DM since its approval in
the United Kingdom in 1958 and in the United
States in 1995,""" induces glucose uptake by
the liver and inhibits gluconeogenesis through
its effects on mitochondrial enzymes. The
dosage range is from 500 to 2,500 mg/day.
Recently, several novel effects of metformin
have been discovered in addition to its role as
a hypoglycemic drug, including antitumor, car-
diovascular, anti-aging, and anti-TB effects.'”
" Singhal et al. revealed that metformin could
suppress the intracellular growth of TB via an
AMPK-dependent pathway. In their research,
metformin also reduced chronic pulmonary
inflammation and enhanced immune response
and the efficacy of anti-TB drugs in TB-infect-
ed mice."

Our study is a nationwide, population-
based, nested case-control study to examine
the relationship between current metformin
use and the risk of TB infection in patients
with T2DM. We found that current metformin
use was associated with a 0.55 crude OR for
the development of TB infection in patients
with DM compared with that in the control
group and a 0.66 crude OR after adjusting for
age, sex, urbanization level, monthly income,
duration of diagnosis of DM, DSCI score, and
comorbidities (Table 2).

Similar to our study, a retrospective
single-center case control study by Marupuru
et al. on 451 patients with diabetes (152 TB
and 299 non-TB) reported a potential 3.9-fold
protective effect of metformin against TB in-
fection.® One strength of our study was the
analysis of a large number of cases from 1998

to 2013, including 3,642 patients with TB and
93,847 without. We minimized referral and
selection bias by forming a study cohort using
a population-based database that uniquely
identified all cases of TB infection by means
of a national identification number and anti-TB
drug prescription, supplemented with a control
group selected from a density sample of the
study cohort. Additionally, data were obtained
from computerized health insurance claims,
which reduced recall bias. Consistently, two
previous national cohort studies based on the
NHIRD database demonstrated a negative as-
sociation between metformin use and the risks

25-26 .
Since

of TB infection among DM patients.
the designs of these studies were different from
the nested case-control approach in the current
investigation to avoid misclassification bias
of exposure, our study provided additional
evidence to support metformin use against TB
infection.

The study by Marupuru et al. that
examined the possible dosage-related protec-
tive effect of metformin against TB infection
demonstrated no difference between daily
doses of 1,000 mg and 500 mg.** However, a
daily dose of 500 to 1,000 mg is relatively low
for metformin.”' Other studies have suggested
that metformin dosage may affect glycemic
and lipid control,”® suggesting the possibility
of a dose effect. A previous cohort study using
cumulative defined daily doses of metformin to
examine the protective effect against TB infec-
tion showed a dose-dependency.”® To clarify
the influence of dose on the protective effect
of current metformin use against TB infection,
we divided the dosages into low, medium, and
high (Table 3). In comparison with a low dose
of metformin, medium and high doses did not
demonstrate better protective effects in the
current study. Another cohort study found non-
significant effect of metformin against TB in-
fection for a cumulative duration of metformin
less than 27 months in comparison with non-
users,” implying that the cumulative duration
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of metformin use might play an important role
in the potential protective effect of metformin
against TB infection.

Limitations

The current study had some limitations.
First, a major concern is the precision of the
coding of DM and TB. However, we used di-
agnosis codes together with TB drug prescrip-
tion to confirm the diagnoses and reduce the
errors caused by using only diagnostic codes.*
Second, TB contact history and lifestyle infor-
mation such as smoking habit, diet, and alcohol
consumption are unavailable in the NHIRD.
Third, new antidiabetic agents such as sodium-
glucose cotransporter 2 inhibitors (introduced
in Taiwan in 2014) were unavailable in our
database for the current analysis.

Conclusion

Metformin use was associated with a
lower incidence of active tuberculosis infection
in patients with diabetes regardless of the daily
dose in comparison with other antidiabetic
agents, implying a potential protective effect.
The findings emphasize a novel benefit of met-
formin in patients with diabetes beyond the in-
dications highlighted in the diabetes treatment
guidelines. Further prospective studies are war-
ranted to provide additional evidence support-
ing the protective effects of metformin against
tuberculosis infection and to verify its suitabil-
ity for being used as an adjuvant therapy in this
patient population.
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