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ABSTRACT
Aims/Introduction: The convergence of tuberculosis (TB) and diabetes mellitus (DM) is
a new challenge in Asia as a result of the rising prevalence of diabetes mellitus with
higher TB infection rates, and also because diabetes mellitus itself enhances TB disease
activity and consequently the spread of TB. We aimed to address the risk presented by
diabetes mellitus for TB infection.
Materials and Methods: Patients with diabetes mellitus were retrospectively recruited.
The baseline assessments included age, sex, body mass index, fasting blood glucose, gly-
cated hemoglobin, urine albumin-to-creatinine ratio and estimated glomerular filtration
rate. TB was determined by meeting the international classification of disease, for TB diag-
nosis and receiving anti-TB treatment for at least 2 months.
Results: In total, 9,750 individuals with diabetes mellitus were recruited. The event rate
of TB was 47 (0.48%). Younger age, lower proportion of men, higher fasting blood glucose
and glycated hemoglobin values, and better renal function (estimated glomerular filtration
rate and urine albumin-to-creatinine ratio) were observed in the metformin-exposed
groups. Old age and male sex were associated with higher TB infection risk on multivari-
ate analysis. Metformin users had a significantly lower risk for TB infection, whereas insulin
users had a higher risk for TB infection. However, glycemic status had no effect on TB
infection risk.
Conclusions: This study provides clinical evidence from a survey of TB in individuals
with diabetes mellitus. Old age, male sex and insulin use were risk factors for TB infection.
Metformin remains the first choice of treatment for diabetes mellitus and has a potential
protective effect against TB infection.

INTRODUCTION
Mycobacterium tuberculosis (TB) infection remains a leading
infectious disease in the modern world, particularly among
Asian countries, such as Taiwan1. In fact, given that TB was
the most commonly reported communicable disease in Taiwan
for more than four decades, the Taiwan Centers for Disease

Control launched the ‘Mobilization Plan to Reduce TB by half
in Ten Years’ program in 2006. Accordingly, over a period of
10 years, the number of annual TB cases decreased from
16,472 in 2006 to 10,526 in 2015, and the annual incidence rate
decreased from 72.5 person per 100,000 individuals to 45.6 per-
sons per 100,000 individuals over this period1.
The convergence of TB and diabetes mellitus has become a

new challenge in Asia, not only because of the rising prevalence
of type 2 diabetes mellitus in populations with higher TBReceived 5 August 2020; revised 25 January 2021; accepted 5 February 2021
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infection rates, but also because type 2 diabetes mellitus patients
tend to have a higher TB disease severity due to the formation
of pulmonary cavities that facilitate the spread of TB2,3.
Bidirectional screening for TB and diabetes has been pro-

posed by the World Health Organization (WHO) in 2011, and
well-established guidelines have been published to examine dia-
betes mellitus in patients with TB4. However, plans to assess
TB in diabetes mellitus patients remain incomplete, primarily
due to concerns regarding the cost-effectiveness of such surveys.
Therefore, a risk assessment of TB in patients with diabetes
mellitus is required before deciding on the regular screening of
TB in patients with diabetes mellitus. Recent reports have
shown that medications for diabetes control, particularly met-
formin, affect the immune responses against TB. Therefore, we
aimed to use the longitudinal medical records to assess the
effects of medications for diabetes control, particularly met-
formin, on the development of TB in patients with diabetes
mellitus, and sought to establish a model that incorporates clin-
ical risk factors and medications, and consequently predicts TB
development in patients with diabetes mellitus.

MATERIALS AND METHODS
Study participants
We retrospectively recruited patients who enrolled in the dia-
betes pay-for-performance program of Taichung Veteran Gen-
eral Hospital, Taichung, Taiwan, between June 2007 and
January 2014. The pay-for-performance program, also named
the Diabetes Shared Care Program (DSCP), was initiated in
2001 by Taiwan’s Ministry of Health and Welfare to improve
diabetes management, glycemic control, and to reduce the med-
ical costs of diabetes. The percentage of diabetes mellitus
patients treated under DSCP increased from 23.52% to 44.60%
in 2005 and mid 2106, respectively5. The diabetes mellitus
patients can opt in to the DSCP or not, and the physicians can
decide if the patients enroll in the DSCP or not. Their elec-
tronic medical records were reviewed based on their initial
medication, and their clinical parameters were recorded at the
time of enrollment in the pay-for-performance program. Met-
formin users were defined as those using metformin within
3 months before enrollment in the pay-for-performance pro-
gram. The use of antihypertensive medications and lipid-lower-
ing medications were also reviewed. The baseline variables
assessed included age, sex, fasting blood glucose, glycated
hemoglobin (HbA1c), micro-albuminuria status, estimated
glomerular filtration rate (eGFR), total cholesterol (TC), systolic
blood pressure (SBP), and diastolic blood pressure (DBP). The
status of glycemic control was defined based on the baseline
fasting blood glucose/HbA1c. The Modification of Diet in Renal
Disease equation was used for calculating eGFR6:
186 9 plasma creatinine-1.154 9 age-0.203. Individuals with a
baseline eGFR >180 mL/min/1.73 m2 were excluded. The clini-
cal end-point was followed until 31 December 2014. The Ethics
Committee of Taichung Veterans General Hospital approved
this study and waived the requirement for informed consent

with all data fully anonymized. All methods were carried out in
accordance with the relevant guidelines and regulations.

Main outcome measures
New diagnosis of TB infection was considered as the primary
end-point. Previous or concurrent TB infection was excluded.
Follow-up duration of metformin and non-metformin users in
patients with diabetes mellitus was 2.8 – 1.8 and 2.6 – 1.8 years
(P < 0.001). In patients, TB was determined by meeting the
international classification of disease, ninth revision for TB diag-
nosis and receiving anti-TB treatment (consisting of isoniazid,
rifampicin, ethambutol and pyrazinamide) for at least 2 months.

Statistical analysis
Descriptive statistics for continuous variables were expressed
as the mean – standard deviation or number and percentage.
The differences in clinical variables between groups were
tested for statistical significance using the independent t-test
for continuous variables, and the v2-test for categorical vari-
ables. Kaplan–Meier curves for cumulative probability of
tuberculosis infection were plotted for metformin users versus
non-metformin users and insulin users versus non-insulin
users. The Cox proportional hazards model was used to assess
the impact of antidiabetic medications and the status of glyce-
mic control on the risk of new TB infection. All of the statisti-
cal analyses were carried out using SAS software (version 9.4;
SAS Institute Inc., Cary, NC, USA). All reported P-values
<0.05 were considered to show statistical significance.

RESULTS
In total, 9,750 patients with type 2 diabetes mellitus were enrolled
from Taichung Veterans General Hospital, Taichung, Taiwan.
The event rate of TB was 0.48% (n = 47). Younger age, lower
proportion of men, higher fasting blood glucose and HbA1c val-
ues, and better renal function (eGFR and urine albumin-to-crea-
tinine ratio) were observed in the metformin-exposed group. A
greater proportion of sulfonylurea, dipeptidyl peptidase-4 inhibi-
tor and thiazolidinedione use, but lower proportion of insulin use
was noted in the metformin-exposed group. People with diabetes
in the non-metformin-exposed group tended to smoke cigarettes
heavily. More people received TB vaccination in the metformin-
exposed group (Table 1). Age >65 years and male sex were asso-
ciated with a greater risk of TB infection on univariate and multi-
variate analysis. Metformin users had a significantly lower risk of
TB infection, as compared with those not using metformin
(P = 0.0020; Fig. 1); in contrast, insulin users had a significantly
higher risk of TB infection compared with those without insulin
use (P = 0.0071; Fig. 2). Multivariate analysis (Table 2) showed
that metformin users had a 46% lower risk of TB infection com-
pared with non-metformin users (hazard ratio 0.54, 95% confi-
dence interval 0.3–0.99, P = 0.0475). In contrast, the hazard ratio
was 1.94 (95% confidence interval 1.04–3.61, P = 0.0365) in insu-
lin users versus non-insulin users. Glycemic status had no effect
on TB infection.
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DISCUSSION
Our primary salient findings showed that metformin had a
protective effect against TB infection in patients with diabetes
mellitus. Furthermore, insulin use increased the risk of TB
infection, whereas glycemic status did not affect the incidence
of new TB infection.
Approximately 9.6 million individuals were estimated to

have TB worldwide in 2014, and among the Asian countries,
China and India primarily accounted for 58% of new TB
cases7. The current goal of the WHO is to reduce the num-
ber of new TB cases by 90% in 2035, whereas the Taiwan
Centers for Disease Control also aims to achieve an annual
reduction in the number of new TB cases and to gradually
eliminate TB in Taiwan by 2035. However, in Taiwan, a
combination of a dense and aging population, increasing
prevalence of diabetes mellitus, frequent travel to high-burden
countries, and foreign spouses and workers from Asian coun-
tries with high TB prevalence had made TB control more
challenging7.
Diabetes mellitus affects people worldwide and markedly

threatens public health due to its increasing prevalence globally,
and particularly in Asian countries, as a result of an increased
prevalence of obesity, changing patterns of diet and physical

activity, and aging populations8,9. Studies have found that
patients with diabetes mellitus tend to have a higher incidence,
higher severity and poor treatment outcome of TB compared
with those without diabetes mellitus10–12. Thus, the convergence
of epidemics of TB and diabetes mellitus has become a great
concern, particularly in Asian countries, which have the highest
TB burden and have experienced a marked increase in diabetes
mellitus prevalence in recent years13. Dynamic TB transmission
models have been used to analyze the potential effect of dia-
betes mellitus on TB epidemiology, and have shown that the
cumulative reduction in TB incidence would be just 8.8% in
2035 under the current diabetes mellitus prevalence trends14.
Therefore, diabetes mellitus is currently considered as a major
obstacle to achieve the WHO goal of reducing the number of
TB cases by 90% by 2035. Although the WHO has proposed
the need for bidirectional screening for TB and diabetes melli-
tus, additional studies are required to elucidate the mechanisms
underlying diabetes mellitus in patients with TB, which is
essential to initiate appropriate measures for a bidirectional sur-
vey of diabetes mellitus and TB. In fact, comprehensive studies
investigating diabetes mellitus in patients with TB have estab-
lished practical guidelines for surveying and treating diabetes
mellitus in TB patients15; however, plans to assess TB in

Table 1 | Baseline characteristics of metformin and non-metformin users among patients with diabetes mellitus

Variables Overall Metformin (–) Metformin (+) P-value

n (%) 9,750 2,946 (30.22) 6,804 (69.78)
Age (years) 65.1 – 15.2 66.5 – 18.5 64.5 – 13.4 <0.0001
Male 5,430 (55.7) 1,744 (59.2) 3,686 (54.2) <0.0001
BMI (kg/m2) 25.7 – 29.7 24.9 – 18.9 26 – 32.9 0.0800
Systolic BP (mmHg) 130.4 – 13.1 129.8 – 14 130.7 – 12.7 0.0245
Diastolic BP (mmHg) 78.4 – 8 77.2 – 8.3 78.9 – 7.8 <0.0001
HbA1c (%) 7.6 – 1.6 7.3 – 1.5 7.7 – 1.6 <0.0001
eGFR (mL/min/1.73 m2) 80.3 – 38.5 67.7 – 50.4 85.8 – 30.2 <0.0001
FBS (mg/dL) 147.3 – 48.5 141.6 – 51.9 149.8 – 46.7 <0.0001
TC (mg/dL) 174.4 – 38.8 173.6 – 40.7 174.7 – 37.9 0.1902
LDL-C (mg/dL) 107.5 – 34.2 106.6 – 35.5 107.9 – 33.6 0.0806
HDL-C (mg/dL) 50.4 – 14.2 51.2 – 15.8 50.1 – 13.3 0.0007
UACR (mg/g) 244.9 – 769.8 444 – 1099.5 162.3 – 559.9 <0.0001
SU, n (%) 4,290 (44) 735 (25) 3,555 (52.3) <0.0001
DPP4i, n (%) 3,127 (32.1) 631 (21.4) 2,496 (36.7) <0.0001
TZD, n (%) 1,096 (11.2) 170 (5.8) 926 (13.6) <0.0001
Insulin, n (%) 3,330 (34.2) 1,351 (45.9) 1,979 (29.1) <0.0001
Statin, n (%) 4,524 (46.4) 1,189 (40.4) 3,335 (49) <0.0001
ACEI, n (%) 1,245 (12.8) 324 (11) 921 (13.5) 0.0006
ARB, n (%) 3,489 (35.8) 1,092 (37.1) 2,397 (35.2) 0.0821
DM duration (years) 7.3 – 7.3 8.2 – 8 6.9 – 6.9 <0.0001
Smoke, n (%) 3,305 (33.9) 1,058 (35.91) 2,247 (33.02) 0.0057
TB vaccine 7,271 (74.57) 1,918 (65.11) 5,353 (78.67) <0.0001

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; DPP4i, dipeptidyl pepti-
dase-4 inhibitor; eGFR, estimated glomerular filtration rate; FBS, fasting blood glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; SU, sulfonylurea; TC, total cholesterol; TZD, thiazolidinedione; UACR, urine albumin-to-crea-
tinine ratio.
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Figure 1 | Kaplan–Meier curve for the cumulative probability of tuberculosis infection between metformin and non-metformin users.

0.05

Kaplan-Meier Curve
With Number of Subjects at Risk

0.04

0.03

0.02

Cu
m

ul
at

iv
e 

pr
ob

ab
ili

ty

0.01

0.00

Insulin (-)

Insulin (+)

6,420 5,219 3,871

Insulin Insulin (-) Insulin (+)

2,998 1,527 907 199

784587711,3231,8442,5043,330

Follow-up(years)

Log-rank P=0.0071

0 1 2 3 4 5 6

Figure 2 | Kaplan–Meier curve for the cumulative probability of tuberculosis infection between insulin and non-insulin users.
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diabetes mellitus patients remain incomplete due to the limited
evidence in diabetes mellitus patients with complex antidiabetic
treatments16,17. A recently published study in India that used a
WHO-recommended symptom screen among patients visiting
the clinic failed to determine any active TB cases; furthermore,
the cost-effectiveness of this approach was a problem due to
the low sensitivity18. Nevertheless, the screening of TB in dia-
betes mellitus patients is vital, and additional studies are
required to clarify the risk factors, such as age, duration of
diabetes mellitus and glycemic control status, for TB infection
in patients with diabetes mellitus through a regular assessment
by endocrinologists. Thus, the resources for TB screening
might be focused on high-risk subjects. Our study showed that
old age, male gender and insulin use, but not glycemic status,
were risk factors for TB infection in diabetes mellitus patients.
In a recent Taiwanese nationwide population-based study, old
age and male sex were found to be risk factors for death in
diabetes mellitus patients with TB infection19. The researchers
suggested that diabetes mellitus patients should undergo
screening for TB infection, particularly elderly men who use
insulin, as they were more susceptible to TB infection and had
higher mortality after TB infection.
Metformin has been used for >40 years to enhance insulin

sensitivity through adenosine monophosphate-activated protein
kinase signaling and has had unique roles in diseases other
than diabetes mellitus, such as anticancer activities20. Recently,
Vashisht et al.21 clearly showed that metformin reduced the
growth of M. tuberculosis through the adenosine

monophosphate-activated protein kinase and reactive oxygen
species pathway in an aerosol-infected mouse TB infection
model. Furthermore, metformin promotes the formation of
anti-inflammatory M2 macrophages and regulatory T and
CD8 memory T cells, and leads to inflammation reduction22–
24. Metformin use was found to reduce the risk of TB infection
in a dose–response pattern in a cohort analysis of the Taiwan’s
National Health Insurance Research Database25,26. The present
study was more powerful than that study. First, we included
data on blood glucose and HbA1c values, which reflects the
quality of glycemic control in patients. Second, we recorded
body mass index (BMI) values, as they are vital in the selection
of antidiabetic drugs27. Furthermore, a lower BMI is a risk fac-
tor of TB infection28–30. However, the BMI did not signifi-
cantly differ between metformin users and non-users in the
present study, and hence, we believe that BMI does not affect
the TB incidence between the groups. In contrast to met-
formin, insulin resistance has been found to be a risk factor
for TB31. Insulin has recently been found to induce the pro-
duction of regulatory T cells32, which can inhibit the immune
response against M. tuberculosis. Thus, antidiabetic medica-
tions could affect TB development, and should be incorporated
in the risk assessment of TB in patients with diabetes mellitus,
consistent with that noted in the present study that metformin
has a protective effect against TB, whereas insulin use is a risk
factor.
Good blood glucose control of diabetes mellitus reduces the

risk of developing TB33, whereas poor glycemic control is

Table 2 | Predictors and comparison of hazard ratios for tuberculosis infection

Variable Univariate, HR (95% CI) P-value Multivariate, HR (95% CI) P-value P-value

Age (>65 years vs ≤65 years) 5.71 (2.42–13.44) <0.0001 6.36 (2.66–15.23) <.0001
Sex (male vs female) 3.41 (1.65–7.06) 0.0009 3.35 (1.59–7.05) 0.0015
FBG (mg/dL)
<100 0.62 (0.19–2.00) 0.4202 0.54 (0.16–1.85) 0.3289 0.1694*
100–125 0.61 (0.29–1.26) 0.1823 0.6 (0.27–1.32) 0.2049
>125 Reference Reference

HbA1c (%)
<7 0.53 (0.25–1.13) 0.0986 0.64 (0.27–1.50) 0.3013 0.3182*
7–9 0.65 (0.31–1.33) 0.2384 0.72 (0.34–1.51) 0.3814
>9 Reference Reference

LDL-C (mg/dL) 1 (0.99–1.01) 0.7100 1.01 (0.98–1.03) 0.539
HDL-C (mg/dL) 0.98 (0.96–1) 0.0874 1 (0.97–1.02) 0.7183
TC (mg/dL) 1 (0.99–1) 0.2516 0.99 (0.97–1.02) 0.5308
UACR (mg/g)
<30 Reference Reference 0.9106*
30–300 1.46 (0.75–2.81) 0.2643 1.01 (0.52–1.96) 0.9882
>300 1.88 (0.87–4.04) 0.1072 1.05 (0.47–2.34) 0.9007

Diabetes treatment vs no use
Metformin 0.42 (0.24–0.74) 0.0027 0.54 (0.3–0.99) 0.0475
Any Insulin 2.15 (1.22–3.82) 0.0086 1.94 (1.04–3.61) 0.0365

FBS, fasting blood glucose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein cholesterol; TC,
total cholesterol; UACR, urine albumin-to-creatinine ratio. *Trend test.
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associated with a higher TB incidence34,35. The present result
showed that the glycemic status did not affect the incidence of
TB, whereas the use of metformin and insulin did. Insulin use
is a reliable indicator of more severe diabetes mellitus. Met-
formin users showed slightly poorer glycemic control than
non-metformin users. In the present study, we found that poor
glycemic status might further increase the incidence of TB,
although the effect was not significant. In contrast, the effects
of metformin and insulin remained similar, both in terms of
the cumulative incidence or relative risk estimation. These find-
ings suggest that the effects of antidiabetic medications on TB
infection might surpass the effects of the glycemic control in
terms of magnitude.
The present retrospective study had several major limitations.

First, the temporal relationship was difficult to assess, as no TB
tests were carried out before study enrollment, and some base-
line characteristics might result from undiagnosed TB infec-
tions. Second, other risk factors, such as smoking, heavy
alcohol use or nutritional status, were not recorded. Neverthe-
less, the sex-related difference might be attributed to the varia-
tion in cigarette smoking between Taiwanese men and women
(prevalence of 34% and 4.8% in 2013, respectively)36. Third, we
did not use the duration of diabetes, as it is not reliable and
might vary due to recall memory errors. Fourth, we did not
record the cumulative dose of metformin use; however, met-
formin is the first-line therapy for diabetes mellitus in Taiwan,
and the non-metformin users were considered not to use met-
formin in the subsequent treatment, except few patients with
diabetes mellitus were treated primarily with diet alone in the
diabetes pay-for-performance program. Finally, we did not
determine which individuals had type 1 or type 2 diabetes, but
it is likely most had type 2 diabetes.
The results of the present study provide clinical evidence for

the assessment of TB in patients with diabetes mellitus. Old age,
male sex and insulin use were found to be risk factors for TB
infection. Metformin remains the first choice of treatment for
diabetes mellitus in individuals without any contraindication, and
could have a potential protective effect against TB infection.
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