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Diabetes severity is strongly associated 
with the risk of active tuberculosis in people 
with type 2 diabetes: a nationwide cohort study 
with a 6‑year follow‑up
Ji Young Kang1, Kyungdo Han2, Seung‑Hwan Lee3* and Mee Kyoung Kim4* 

Abstract 

Background  Many have the rising coincidence of diabetes mellitus (DM) and endemic tuberculosis (TB). We evalu‑
ated whether the severity of diabetes is associated with an increased risk of active TB infection.

Methods   Using a nationally representative database from the Korean National Health Insurance System, 2, 489, 718 
people with type 2 DM who underwent a regular health checkup during 2009–2012 were followed up until the end 
of 2018. The diabetes severity score parameters included the number of oral hypoglycemic agents (≥ 3), insulin use, 
diabetes duration (≥ 5 years), and the presence of chronic kidney disease (CKD) or cardiovascular disease. Each of 
these characteristics was scored as one point, and their sum (0–5) was used as the diabetes severity score.

Results  We identified 21, 231 cases of active TB during a median follow-up of 6.8 years. Each parameter of the diabe‑
tes severity score was associated with an increased risk of active TB (all P < 0.001). Insulin use was the most significant 
factor related to the risk of TB, followed by CKD. The risk of TB increased progressively with increasing diabetes severity 
score. After adjusting for possible confounding factors, the hazard ratio (95% confidence interval) for TB were 1.23 
(1.19–1.27) in participants with one parameter, 1.39 (1.33–1.44) in those with two parameters, 1.65 (1.56–1.73) in those 
with three parameters, 2.05 (1.88–2.23) in those with four parameters, and 2.62 (2.10–3.27) in those with five param‑
eters compared with participants with no parameters.

Conclusion  Diabetes severity was strongly associated in a dose-dependent manner with the occurrence of active TB. 
People with a higher diabetes severity score may be a targeted group for active TB screening.
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Introduction
Along with the major risk factors for tuberculosis (TB), 
such as current smoking, heavy alcohol consumption, 
and malnutrition, diabetes mellitus (DM) is a main con-
tributor to the risk of TB [1–3]. The recent increase in 
the incidence of DM at the same time as a slow decline 
in TB incidence has led to the co-occurrence of DM and 
TB in an estimated 1 million people worldwide [2]. The 
percentage of new cases of TB with co-occurrence of DM 
is expected to increase substantially from 11.4% in 1990 
and 21.9% in 2017 to 33.3% in 2050 [3]. By 2050, at least 
one-third of TB incidence and almost half of TB mortal-
ity in Asia–Pacific countries will be attributed to DM [3]. 
In addition, the COVID-19 pandemic has had adverse 
effects on TB and DM management [4, 5]. However, it 
seems difficult to apply preventive policies fully consid-
ering the large population of people with DM worldwide 
and that most people with TB and DM live in insufficient 
economic countries. It is important to identify subjects 
requiring targeted screening or therapies for active TB 
among diabetic patients and to provide a major bench-
mark for efficient healthcare services.

The clinical manifestations of more severe diabetes are 
a consequence of diverse and complex pathophysiologi-
cal processes affecting different organ systems over time, 
making it difficult for a single severity measure to capture 
this complexity adequately [6]. Prior studies on diabetes 
severity used a grading system based on diabetes-related 
complications and glycemic control measures [6]. In cur-
rent clinical practice, glycated hemoglobin (HbA1c) level 
over the preceding 3  months is used as an indicator of 
glycemic control and may provide a simple proxy meas-
ure of disease severity and to guide interventions and 
management. However, the ability to estimate the sever-
ity of DM using HbA1c level recorded at a specific time 
point is limited because this level tends to fluctuate over 
time [6]. In the general treatment flow, people with type 
2 DM who have difficulty managing glycemic control 
with one or two oral hypoglycemic agents (OHAs) may 
require three or more OHAs or insulin initiation. There-
fore, the severity of DM is also evaluated in terms of the 
number of OHAs [7] or insulin treatment [8]. We have 
devised a diabetes severity score to provide a comprehen-
sive evaluation of DM status. Here, we explored the asso-
ciation between diabetes severity and the development 
of active TB in nationwide cohort data with a ≥ 6-year 
follow-up.

Methods
Participants
We used the Korean National Health Insurance Ser-
vice (NHIS) datasets of claims and health checkups 
from January 2009 to December 2012. The Korean 

NHIS is a single-payer insurance organization managed 
by the Korean government and covers all residents in 
Korea. The NHIS claims database includes a deidenti-
fied research dataset of demographic information, pri-
mary and secondary diagnoses classified according to 
the International Classification of Diseases, 10th Revi-
sion (ICD-10), prescriptions, procedures, hospital arrival 
route, date of admission, and duration of hospitalization 
for all residents of Korea [9, 10].

All examinees were requested to have biannual health 
checkups. The results from these health examinations are 
compiled into preventive health checkup datasets, which 
constitutes the largest nationwide cohort database of lab-
oratory information in Korea.

In this study, people aged ≥ 20  years who underwent 
a national health checkup between January 2009 and 
December 2012 (index year) were selected. Among those 
who underwent a health examination in 2009–2012 
(index year), 2,745,638 who had type 2 DM were included 
in this study. Type 2 DM was defined as the presence 
of ICD-10 code E11–E14 and prescription of antidia-
betic medications, or a fasting blood glucose (FBG) con-
centration ≥ 126  mg/dL measured in the NHIS health 
examination [11]. People having TB before the index 
year (n = 121, 14) were excluded. Analysis was performed 
after excluding people with incident TB or death occur-
ring during the first year of follow-up (n = 37,670) to 
account for the possibility of reverse causation. A total 
of 96, 936 people with missing data for at least one vari-
able were excluded. Finally, the study population was 
2,489,718 individuals with type 2 DM (Additional file 1: 
Figure S1).

This study was approved by the Institutional Review 
Board of The Catholic University of Korea (No. 
SC22ZISE0045). Anonymized and deidentified informa-
tion was used for analyses and, therefore, informed con-
sent was not obtained.

Diabetes severity score
The parameters used to produce the diabetes severity 
score in this study were as follows: complexity of diabe-
tes medications (use of insulin or multiple OHAs); longer 
duration of diabetes; diabetes-related renal complica-
tions (chronic kidney disease, CKD); or the presence of 
cardiovascular disease (CVD). Each characteristic was 
treated as one point in the diabetes severity score, and 
the sum of these (total 0–5) was defined as the diabetes 
severity score. If ≥ 3 OHAs were used, a diabetes sever-
ity score of 1 was recorded, and if the diabetes duration 
was ≥ 5 years, a diabetes severity score of 1 was recorded. 
CKD was defined as an estimated glomerular filtration 
rate (eGFR) < 60 mL/min/1.73 m2 [12]. CVD was defined 
as prior myocardial infarction (I21, I22) or prior stroke 



Page 3 of 9Kang et al. Respiratory Research          (2023) 24:110 	

(I63, I64) diagnosed as ICD-10 codes in one or more 
inpatient or outpatient records within 3 years before the 
index date [13, 14]. For example, a person who used insu-
lin concurrently with CKD had a diabetes severity score 
of 2. To determine the effect of blood glucose level on 
incident TB, we also analyzed the risk of TB according to 
the decile of FBG concentration.

Measurements and definitions
Covariates were based on the data from the index year 
and included age, sex, socioeconomic status (income 
level), body mass index (BMI; kg/m2), current smok-
ing status, alcohol consumption, exercise (no/yes), and 
systolic and diastolic blood pressure (mmHg). Blood 
samples for the measurement of serum glucose, creati-
nine, and lipid levels were drawn after an overnight fast. 
Income level was dichotomized at the lower 25th percen-
tile. The glucose-lowering agents analyzed in this study 
were grouped into six classes: insulin, sulfonylureas, 
metformin, thiazolidinediones, dipeptidyl-peptidase IV 
inhibitors (DPPIV inhibitors), and alpha-glucosidase 
inhibitors.

Study outcome: incident TB
The primary study outcome was a new active TB diagno-
sis, which was defined using the rare intractable disease 
(RID) registration codes for TB (V206, V246, and V000). 
The South Korean government has operated a RID regis-
tration program (V-code) in serious and costly long-term 
diseases such as TB to control the disease effectively [13, 
14]. Therefore, patients who had the TB-specific V-codes 
under RID program registration were offered up to 
90–100% copayment reduction. In Korea, it is designated 
by law to report all new TB cases to nearby public health 
centers with a diagnosis based on ICD-10 code (A15-
A19, U88.0-U88.1) by attending physicians. After then, 
a diagnosis of TB case is reviewed strictly by NHIS and 
provided the V-codes for the additional insurance cover-
age to the patients [15, 16]. Before July 2016, V206 and 
V246 were used for multidrug-resistant TB/extensively 
drug-resistant TB and drug-susceptible TB and after that, 
the code of V000 was unified to all type of TB. Under 
the mandatory reporting system of TB cases and a strict 
supervision by NHIS, the number of diagnosis codes and 
incidences of actual TB are almost identical.

The current study collected both pulmonary and 
extrapulmonary types of active TB. The diseases were 
diagnosed mainly by microbiological tests for Mycobac-
terium tuberculosis (M. TB) such as TB-PCR or M. TB 
culture or by clinical evidence based on radiological 
findings, biochemical results, and histological reports 
compatible with active TB, in line with Korean TB guide-
lines [17]. The study population was followed from the 

baseline to the date of TB diagnosis, censoring (date of 
death), or until December 31, 2018, whichever came first.

Statistical analysis
The baseline characteristics are presented as the 
mean ± standard deviation (SD) or n (%). Participants 
were classified into six groups according to their diabe-
tes severity score (0–5). The incidence rate of active TB 
was calculated by dividing the number of incident cases 
by the total follow-up duration (person-years). The Cox 
proportional hazards model was used to estimate haz-
ard ratio (HR) and 95% confidence interval (CI) values 
for the study outcomes according to the diabetes severity 
score. The proportional hazards assumption was assessed 
using the Schoenfeld residuals test, with a logarithm of 
the cumulative hazard functions based on Kaplan–Meier 
estimates. Over time, there was no significant departure 
from proportionality in the hazards.

A multivariable-adjusted proportional hazards model 
was applied: model 1 was unadjusted; model 2 was 
adjusted for age and sex; model 3 was adjusted further 
for BMI, income status, alcohol consumption, smoking, 
regular exercise, FBG concentration, hypertension, and 
dyslipidemia. The potential effect modification by age, 
sex, and obesity was evaluated by stratified analysis and 
interaction testing using the likelihood-ratio test. We 
performed additional analysis according to the decile of 
FBG concentration to estimate the effect of glucose level 
itself on the risk of active TB. Statistical analyses were 
performed using SAS version 9.4 (SAS Institute Inc., 
Cary, NC, USA), and a P value < 0.05 was considered to 
be significant.

Results
Baseline characteristics according to the presence of active 
TB
There were 21,231 cases of active TB during a median 
follow-up of 6.8 ± 1.59 years. At the baseline, the group of 
people with incident TB were older (64 vs. 57 years), had 
a lower prevalence of obesity (BMI; 23.6 vs. 24.9 kg/m2), 
included more men (66.5 vs. 60%), had a higher preva-
lence of CKD or CVD, and were more likely to be taking 
insulin treatment or multiple OHAs (Table 1). The pro-
portion of subjects aged ≥ 65 years was higher in patients 
with TB than those without TB (Table 1).

Risk of active TB according to components of the diabetes 
severity score
Each parameter of the diabetes severity score was associ-
ated with an increased risk of active TB (all P < 0.001). The 
risk of TB incidence was higher in the group with a dia-
betes duration of ≥ 5 years (adjusted HR = 1.25; 95% CI, 
1.21–1.28) than in that with a diabetes duration < 5 years 
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(Table  2). The risk of TB was 1.28 times higher in par-
ticipants receiving ≥ 3 OHAs compared with < 3 OHAs. 
The risk of TB was 1.47 times higher in those treated 
with insulin compared with those treated without insu-
lin (adjusted HR = 1.47; 95% CI, 1.42–1.54). The overall 
incidence rates of TB were 1.16 and 1.89 per 1, 000 per-
son-years in participants without CKD and in those with 

CKD, respectively. Even after controlling for several con-
founding factors, the presence of CKD was significantly 
associated with TB risk (adjusted HR = 1.30; 95% CI, 
1.25–1.34). The risk of TB increased significantly in par-
ticipants with CVD compared with those without CVD 
(adjusted HR = 1.14; 95% CI, 1.10–1.19).

Incidence and risk of active TB according to the diabetes 
severity score
Each of the abovementioned characteristics was given 
one point in the diabetes severity scale, and their sum 
(0–5) was defined as the diabetes severity score. The risk 
of TB increased progressively with increasing diabetes 
severity score (Table 3, Fig. 1). After adjusting for possi-
ble confounding factors, the HRs (95% CI) for TB were 
1.23 (1.19–1.27) in participants with one parameter, 1.39 
(1.33–1.44) in those with two parameters, 1.65 (1.56–
1.73) in those with three parameters, 2.05 (1.88–2.23) in 
those with four parameters, and 2.62 (2.10–3.27) in those 
with five parameters compared with participants with no 
parameters.

Among the participants with two parameters (score of 
2), the highest HR for TB was in those using insulin and 
multiple OHAs, or in those using insulin and with CKD 
(Additional file 1: Table S1). Among the participants with 
three parameters (score of 3), the highest HR for TB was 
in those who used insulin and had CKD and DM dura-
tion of ≥ 5 years (Additional file 1: Table S1).

We performed stratified analyses by age, sex, and the 
presence of obesity. In all subgroups, the risk of TB 
increased significantly in participants with a higher dia-
betes severity score compared with those with a score 
of zero. The effect of a higher diabetes severity score on 
the risk of TB was stronger in younger participants and 
in those with obesity (P for interaction < 0.001, Fig.  2a, 
c). The association between diabetes severity scores and 
TB risk was similar in men and women (P for interac-
tion = 0.438, Fig. 2b).

Effect of fasting blood glucose concentration on the risk 
of active TB in type 2 diabetes
The lowest risk of TB was observed in the FBG range 
around 130  mg/dL (D4 and D5). The multivariable 
adjusted HRs (95% CI) for TB that were associated with 
FBG levels < 100 (D1), 101–115 (D2), 116–126 (D3), 130–
134 (D5), 135–140 (D6), 141–149 (D7), 150–165 (D8), 
166–199 (D9), and ≥ 200 (D10) mg/dL were 1.37 (1.28–
1.46), 1.25 (1.17–1.34), 1.19 (1.11–1.27), 1.06 (0.98–1.14), 
1.13 (1.05–1.22), 1.19 (1.11–1.28), 1.27 (1.19–1.37), 1.45 
(1.35–1.55), and 2.04 (1.91–2.19), respectively, com-
pared with 127–129 mg/dL (D4). A J-shaped association 
was noted between glycemic control and the risk of TB; 
that is, both low (≤ 115 mg/dL) and high (≥ 150 mg/dL) 

Table 1  Baseline characteristics of the study participants

Data are expressed as the means ± standard deviation, median (25–75%), or 
number (percentage, %)

BP, blood pressure; eGFR, estimated glomerular filtration rate; TC, total 
cholesterol; OHAs, oral hypoglycemic agents; DPPIV-inhibitors, Dipeptidyl-
peptidase IV inhibitors

Active tuberculosis

No Yes

N 2,468,487 21,231

Age (years) 57 (48–66) 64 (54–72)  < 0.001

 < 40 years 196,728 (8.0) 782 (3.7)

40–64 years 1,555,698 (63.0) 10,313 (48.6)

 ≥ 65 years 716,061 (29.0) 10,136 (47.7)

Sex (male) 1,481,340 (60.0) 14,108 (66.5)  < 0.001

Body mass index (kg/m2) 24.9 (22.9–27.1) 23.6 (21.6–27.1)  < 0.001

Smoking  < 0.001

 Non-smoker 1,368,075 (55.4) 11,044 (52.0)

 Ex-smoker 451,376 (18.3) 3767 (17.7)

 Current smoker 649,036 (26.3) 6420 (30.2)

Alcohol drinking 251,173 (10.2) 2589 (12.2)  < 0.001

Regular exercise 505,358 (20.5) 4062 (19.1)  < 0.001

Income (lower 25%) 518,074 (21.0) 4825 (22.7)  < 0.001

Dyslipidemia 1,039,708 (42.1) 8121 (38.3)  < 0.001

Hypertension 1,393,988 (56.5) 12,777 (60.2)  < 0.001

Chronic Kidney disease 277,637 (11.3) 3527 (16.6)  < 0.001

Cardiovascular disease 324,264 (13.1) 3698 (17.4)  < 0.001

Duration of diabe‑
tes ≥ 5 years

739,450 (30.0) 8623 (40.6)  < 0.001

Pharmacologic therapy 
for DM

 Insulin 180,411 (2.1) 1274 (11.3)  < 0.001

 Number of OHAs ≥ 3 348,593 (14.1) 4205 (19.8)  < 0.001

Medication

 Metformin 1,162,405 (47.1) 11,229 (52.9)  < 0.001

 Sulfonylurea 1,001,747 (40.6) 10,966 (51.7)  < 0.001

 DPPIV-inhibitors 214,362 (8.7) 1866 (8.8) 0.5882

 Thiazolidinedione 155,753 (6.31) 1644 (7.7)  < 0.001

 Alpha-glucosidase 
inhibitors

269,829 (10.9) 3586 (16.9)  < 0.001

Systolic BP (mmHg) 129.2 ± 15.9 129.5 ± 16.5  < 0.001

Diastolic BP (mmHg) 79.2 ± 10.3 78.5 ± 10.4  < 0.001

Fasting glucose (mg/dL) 145.2 ± 47.0 150.9 ± 57.9  < 0.001

eGFR (ml/min/1.73 m2) 85.1 ± 36.4 82.4 ± 38.8  < 0.001

Baseline TC (mg/dL) 197.8 ± 46.9 192.0 ± 48.1  < 0.001
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FBG concentrations conferred a greater than 20% higher 
risk of TB compared to FBG 127–129 mg/dL (Fig. 3). An 
FBG level ≥ 200  mg/dL was associated with a twofold 
increased risk of active TB (Fig. 3).

Discussion
Since 2011, the World Health Organization (WHO) and 
the International Union Against Tuberculosis and Lung 
Disease have highlighted TB–DM co-epidemic and have 
recommended bidirectional screening [18]. However, 
it seems difficult to apply such policies fully in the field 
considering the large population of people with DM 
worldwide and that most people with both diseases have 
a low socioeconomic status. In this context, our findings 

provide evidence for the feasibility of focusing on TB 
screening in people with DM and a high diabetes severity 
score.

Previous studies have investigated the impact of indica-
tors of DM severity or status on the development of TB 
infection. A prospective study of the Taiwanese popula-
tion found that people with ≥ 2 diabetes-related com-
plications had a threefold increased risk of incident TB 
[19]. However, the control group was nondiabetic people 
and the percentage of those with DM was very small, at 
only 7–9% of all those included in that study [19]. DM 
is a chronic heterogeneous metabolic disorder that var-
ies in severity from mild to severe. Assessment of DM 
severity may be helpful for identifying people requiring 

Table 2  Risk of active tuberculosis according to the parameters in the diabetes severity score

* Values are presented as hazard ratio (95% confidence intervals) for risk of tuberculosis

“Ref.” refers to the group treated as a reference group in the analysis

Model 1: unadjusted

Model 2: adjusted for age and sex

Model 3: adjusted for age, sex, BMI, income status, alcohol drinking, smoking, regular exercise, fasting glucose, hypertension, and dyslipidemia

Events (n) Incidence rate (per 
1000 person-years)

Model 1* Model 2* Model 3*

Duration of diabetes  < 5 years 12, 608 1.05 1 (Ref.) 1 (Ref.) 1 (Ref.)

 ≥ 5 years 8623 1.68 1.59 (1.55, 1.63) 1.28 (1.25, 1.32) 1.25 (1.21, 1.28)

Number of Oral hypoglyce‑
mic agents

 < 3 17, 026 1.16 1 (Ref.) 1 (Ref.) 1 (Ref.)

 ≥ 3 4205 1.71 1.47 (1.43, 1.53) 1.34 (1.29, 1.38) 1.28 (1.23, 1.32)

Use of insulin No 18, 516 1.17 1 (Ref.) 1 (Ref.) 1 (Ref.)

Yes 2715 2.03 1.73 (1.66, 1.80) 1.56 (1.50, 1.63) 1.47 (1.42, 1.54)

Chronic kidney disease No 17, 704 1.16 1 (Ref.) 1 (Ref.) 1 (Ref.)

Yes 3527 1.89 1.63 (1.57, 1.69) 1.24 (1.19, 1.28) 1.30 (1.25, 1.34)

Cardiovascular disease No 17, 533 1.17 1 (Ref.) 1 (Ref.) 1 (Ref.)

Yes 3698 1.72 1.47 (1.42, 1.53) 1.08 (1.04, 1.12) 1.14 (1.10, 1.19)

Table 3  Risk of active tuberculosis according to the diabetes severity score

* Values are presented as hazard ratio (95% confidence intervals) for risk of tuberculosis

“Ref.” refers to the group treated as a reference group in the analysis

Model 1: unadjusted

Model 2: adjusted for age and sex

Model 3: adjusted for age, sex, BMI, income status, alcohol drinking, smoking, regular exercise, fasting glucose, hypertension, and dyslipidemia

Total Events (n) Incidence rate (per 1000 
person-years)

Model 1* Model 2* Model 3*

0 1,320,897 8423 0.92 1 (Ref.) 1 (Ref.) 1 (Ref.)

1 636,816 6125 1.39 1.50 (1.45, 1.55) 1.20 (1.16, 1.25) 1.23 (1.19, 1.27)

2 359,679 4143 1.68 1.82 (1.75, 1.89) 1.38 (1.33, 1.44) 1.39 (1.33, 1.44)

3 134,811 1883 2.12 2.30 (2.19, 2.42) 1.64 (1.56, 1.73) 1.65 (1.56, 1.73)

4 33,841 577 2.76 3.00 (2.76, 3.26) 2.04 (1.87, 2.22) 2.05 (1.88, 2.23)

5 3674 80 3.77 4.10 (3.29, 5.11) 2.69 (2.16, 3.36) 2.62 (2.10, 3.27)

P for trend  < 0.001  < 0.001  < 0.001
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targeted and intensive therapies, which may provide a 
major benchmark for efficient healthcare services [6]. In 
the current study, we applied five parameters to repre-
sent diabetes severity, such as use of insulin and/or mul-
tiple OHAs, duration of DM ≥ 5 years, and the presence 
of CVD or CKD, and we found a significant association 
between the number of parameters and risk of TB. These 
parameters are easily obtained in real clinical practice, 
especially in resources-limited settings, because there is 
no need for laboratory testing.

The FBG concentration is a fundamental element for 
achieving good glycemic control and managing DM. Pre-
vious studies have shown a J-shaped distribution between 
all-cause mortality and glycemic control in people with 
DM and that both high and low FBG levels are associ-
ated with a higher risk of all-cause mortality [10]. Simi-
larly, the association between FBG concentration and 
risk of TB was also found to be J-shaped in our study. A 
previous study also observed that people with poor gly-
cemic control (FBG > 130  mg/dL) had a higher adjusted 
HR (2.21) for the risk of TB than those without diabetes 
but that the risk of TB did not differ significantly between 
diabetic patients with good glycemic control (≤ 130 mg/
dL) and nondiabetic people [20]. In our study, we found 
that the lowest risk of TB was observed in the FBG range 
around 130 mg/dL. DM-induced hyperglycemia has been 
suggested to increase the susceptibility to TB infection 
[16]. However, we also found that an FBG level ≤ 100 mg/
dL was associated with a 37% higher risk for active TB. 
The increased risk for active TB in people with diabe-
tes and an FBG level ≤ 100 mg/dL is consistent with the 
U-shaped curve between high mortality rates and hypo-
glycemia in patients in an intensive care unit [21]. The 

exact mechanism underlying the association between low 
FBG level and high risk of active TB among patients with 
type 2 DM remains unclear. One possibility is that low 
FBG concentration may be a marker of poor nutritional 
status, liver dysfunction, or other undetectable illnesses 
[22].

Kidney failure requiring dialysis is recognized as an 
important risk factor for active TB [23]. Accordingly, the 
WHO recommends systematic testing and treatment 
for latent TB infection in this population, a strategy that 
appears to be safe and effective for reducing the rate of 
active TB in dialysis patients [24]. Despite a well-estab-
lished link between dialysis and TB risk, the relationship 
between CKD before kidney replacement therapy and 
TB risk requires closer examination. The risk of TB was 
higher in patients with more severe CKD among patients 
with CKD stage 2 or higher [25]. Poor immune function 
in individuals with more profound impairment of kidney 
function may explain this outcome [25].

TB and atherosclerotic CVD have a close epidemiologi-
cal and pathogenetic overlap [26]. DM is strongly associ-
ated with CVD, and TB infection may increase the risk 
of CVD further. In one study, TB was associated with an 
increased risk of acute myocardial infarction (adjusted 
HR, 1.98; 95% CI, 1.3–3.0) [26]. Another study found that 
patients with atherosclerotic CVD had higher HR for all-
cause and infection-related mortality after initiation of 
TB treatment [27]. Elevated serum markers of inflamma-
tion were found to mediate one-quarter to one-third of 
this association [27]. There is little evidence that patients 
with CVD may have an increased risk of active TB. We 
found that diabetic patients with CVD had a 14% higher 
risk of active TB compared with those without CVD.

This study has some limitations. First, we may have 
missed other indicators of DM severity such as diabetic 
neuropathy or HbA1c level. The clinical manifestations 
of more severe type 2 DM reflect diverse and complex 
pathophysiological processes that affect different organ 
systems over time and make it difficult for a single meas-
ure of severity to capture this complexity adequately [6]. 
We characterized the clinical features indicative of dia-
betic severity within the range of information we could 
access. All five parameters in the diabetes severity score 
in our study showed a significant association with the 
development of active TB. Second, this was an obser-
vational study and, therefore, the association between 
diabetes severity and active TB may not be causal. To 
minimize the possible effects of reverse causality, we 
excluded people with incident TB during the first year 
of follow-up. Third, this study was restricted to include 
only the Korean population, where the incidence of TB 
is 49 cases per 100, 000 people in 2020, relatively high 
among high-income countries [5], and characteristics 

Fig. 1  Kaplan–Meier estimates of the cumulative incidence of active 
tuberculosis (TB) according to the diabetes severity score
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Fig. 2  Subgroup analyses of the association between the diabetes severity score and risk of active tuberculosis (TB) stratified by age (a), sex (b), 
and obesity (c) category. Hazard ratios (HRs) and 95% confidence intervals (CIs) for active TB according to the diabetes severity score. The data were 
adjusted for age, sex, body mass index, income status, alcohol consumption, smoking, regular exercise, fasting glucose concentration, hypertension, 
and dyslipidemia
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associated with DM may differ from those of people of 
other ethnicities. Fourth, participants in this study were 
more men than women (60% vs. 40%). Selection of study 
subjects who participated in health examinations might 
be a source of bias because men and employee subscrib-
ers were more likely to participate in the regular health 
check-up. Fifth, we were unable to adjust for some 
unmeasured risk factors, such as contact with a known 
TB case, which may have mediated the association 
between DM and TB. Lastly, we did not further analyze 
the characteristics of TB patients such as a percentage 
of microbiological diagnosis or severity of TB. Accord-
ing to the National Tuberculosis report of South Korea, 
pulmonary TB were 79% and extrapulmonary TB were 
21% out of the newly diagnosed TB cases. In pulmonary 
TB, 27.7% cases had positive result for acid-fast stain 
[28]. This study could not analyze the detailed clinical 
courses or mortality of subjects with TB. According to a 
recent study on mortality among TB survivors in Korea, 
the risk of all-cause mortality was reported to be 1.62 
times higher in TB survivors compared to the age- and 
sex- matched control group [16]. Further studies on the 
mortality and clinical course of TB in diabetic patients 
are needed.

In Global TB report 2022, an estimated 0.37 million 
incident TB cases were attributable to diabetes in 2021 
whereas 2.2 million to undernourishment, 0.86 million 
to HIV infection [29]. As five health-related risk fac-
tors for TB such as undernourishment, HIV infection, 
alcohol use, smoking and diabetes monitored by the 

WHO have variable impact to TB incidence among the 
countries or by period, therefore a decision-making and 
related efforts at a national level are needed that which 
factors would be prioritized to reduce the TB burden 
efficiently.

To our knowledge, this is the largest diabetes cohort 
study over a 6-year follow-up. We ascertained that the 
diabetes severity score, which included measures of the 
use of insulin and multiple OHAs, duration of diabe-
tes, and the presence of CKD or CVD, was associated 
with TB risk in a dose-dependent manner. Of the com-
ponents included in the diabetes severity score, insulin 
use was the most significant factor related to the risk of 
TB, followed by CKD. In addition, in people with type 
2 DM, the FBG concentration had a J-shaped relation-
ship with TB occurrence, and the lowest risk of TB was 
observed in those with an FBG concentration around 
130  mg/dL. Both hyperglycemia and hypoglycemia 
were associated with a higher risk of TB development. 
These findings suggest that people with a higher diabe-
tes severity score, particularly insulin users or patients 
with CKD, may be a targeted group for additional active 
TB screening in clinical practice.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12931-​023-​02414-5.

Additional file 1: Table S1. Incidence rates and hazard ratios (HRs) of 
active tuberculosis (TB) according to the diabetes severity score and 
components of the diabetes severity score. Figure S1. Flow chart of the 
Study population.

Acknowledgements
None.

Author contributions
JYK, KDH, SHL and MKK designed the study. KDH performed a statistical 
analysis. MKK and SHL take full responsibility for the accuracy of the data 
presented and analyzed in this Article. JYK and MKK wrote the manuscript and 
SHL edited the manuscript and contributed to discussion. All authors read and 
approved the final manuscript.

Funding
This research was in part by Basic Science Research Program through the 
National Research Foundation of Korea (NRF) funded by the Ministry of 
Education (NRF-2020R1F1A1049539). The funders of the study had no role in 
study design, data collection, data analysis, data interpretation, or writing of 
the report.

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of The Catholic 
University of Korea (No. SC22ZISE0045). Anonymous and deidentified informa‑
tion was used for analysis and, therefore, informed consent was not obtained.

Fig. 3  Hazard ratios (HRs) and 95% confidence intervals (CIs) for 
active tuberculosis (TB) by decile (D) of fasting blood glucose (FBG) 
concentration. The group with FBG concentration of 127–129 mg/
dL (D4) was the reference group. HRs were adjusted for age, sex, 
body mass index, income status, alcohol consumption, smoking, 
regular exercise, fasting glucose concentration, hypertension, and 
dyslipidemia

https://doi.org/10.1186/s12931-023-02414-5
https://doi.org/10.1186/s12931-023-02414-5


Page 9 of 9Kang et al. Respiratory Research          (2023) 24:110 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 2 February 2023   Accepted: 4 April 2023

References
	1.	 Oh KH, Kim HJ, Kim MH. Non-communicable diseases and risk of tubercu‑

losis in Korea. Int J Tuberc Lung Dis. 2016;20:973–7.
	2.	 Lönnroth K, Roglic G, Harries AD. Improving tuberculosis prevention and 

care through addressing the global diabetes epidemic: from evidence to 
policy and practice. Lancet Diabetes Endocrinol. 2014;2:730–9.

	3.	 Awad SF, Huangfu P, Ayoub HH, Pearson F, Dargham SR, Critchley JA, Abu-
Raddad LJ. Forecasting the impact of diabetes mellitus on tuberculosis 
disease incidence and mortality in India. J Glob Health. 2019;9: 020415.

	4.	 World Health Organization. The Impact of the COVID-19 Pandemic on 
Noncommunicable Disease Resources and Services: Results of a Rapid 
Assessment, in World Health Organization. Geneva: World Health Organi‑
zation; 2021.

	5.	 World Health Organization. Global tuberculosis report 2021. Geneva: 
World Health Organization; 2021.

	6.	 Zghebi SS, Panagioti M, Rutter MK, Ashcroft DM, van Marwijk H, Salisbury 
C, Chew-Graham CA, Buchan I, Qureshi N, Peek N, Mallen C, Mamas M, 
Kontopantelis E. Assessing the severity of Type 2 diabetes using clinical 
data-based measures: a systematic review. Diabet Med. 2019;36:688–701.

	7.	 Mori T, Nagata T, Nagata M, Fujimoto K, Fujino Y, Mori K. Diabetes severity 
measured by treatment control status and number of anti-diabetic drugs 
affects presenteeism among workers with type 2 diabetes. BMC Public 
Health. 2021;21:1865.

	8.	 Gini R, Schuemie MJ, Mazzaglia G, Lapi F, Francesconi P, Pasqua A, Bian‑
chini E, Montalbano C, Roberto G, Barletta V, Cricelli I, Cricelli C, Dal Co 
G, Bellentani M, Sturkenboom M, Klazinga N. Automatic identification of 
type 2 diabetes, hypertension, ischaemic heart disease, heart failure and 
their levels of severity from Italian General Practitioners’ electronic medi‑
cal records: a validation study. BMJ Open. 2016;6: e012413.

	9.	 Koo BK, Park SH, Han K, Moon MK. Cardiovascular Outcomes of Obesity 
According to Menopausal Status: A Nationwide Population-Based Study. 
Endocrinol Metab (Seoul). 2021;36:1029–41.

	10.	 Lee SH, Han K, Kwon HS, Kim MK. Frequency of Exposure to Impaired 
Fasting Glucose and Risk of Mortality and Cardiovascular Outcomes. 
Endocrinol Metab (Seoul). 2021;36:1007–15.

	11.	 Kim MK, Ko SH, Kim BY, Kang ES, Noh J, Kim SK, Park SO, Hur KY, Chon 
S, Moon MK, Kim NH, Kim SY, Rhee SY, Lee KW, Kim JH, Rhee EJ, Chun S, 
Yu SH, Kim DJ, Kwon HS, Park KS. Clinical Practice Guidelines for Type 2 
Diabetes Mellitus in Korea. Diabetes Metab J. 2019;2019(43):398–406.

	12.	 National Kidney Foundation. K/DOQI clinical practice guidelines for 
chronic kidney disease: Evaluation, classification, and stratification. Am J 
Kidney Dis. 2002;39:S1–266.

	13.	 Kim MK, Han K, Lee SH. Current Trends of Big Data Research Using 
the Korean National Health Information Database. Diabetes Metab J. 
2022;46:552–63.

	14.	 Cho SW, Kim JH, Choi HS, Ahn HY, Kim MK, Rhee EJ. Big Data Research 
in the Field of Endocrine Diseases Using the Korean National Health 
Information Database. Endocrinol Metab (Seoul). 2023. https://​doi.​org/​10.​
3803/​EnM.​2023.​102.

	15.	 Yoo JE, Kim D, Han K, Rhee SY, Shin DW, Lee H. Diabetes Status and 
Association With Risk of Tuberculosis Among Korean Adults. JAMA Netw 
Open. 2021;4: e2126099.

	16.	 Choi H, Han K, Jung JH, Park SH, Kim SH, Kang HK, Sohn JW, Shin DW, Lee 
H. Long-term mortality of tuberculosis survivors in Korea: a population-
based longitudinal study. Clin Infect Dis. 2023;76:e973–81.

	17.	 Joint Committee for the Revision of Korean Guidelines for Tuberculosis; 
Korea Centers for Disease Control and Prevention. Korean guidelines for 
tuberculosis. Fourth edition. Cheongju: Korea Centers for Disease Control 
and Prevention; 2020.

	18.	 Lin Y, Harries AD, Kumar AMV, et al. Management of diabetes tubercu‑
losis: a guide to the essential practice. Paris, France: International Union 
Against Tuberculosis and Lung Disease, 2019. https://​www.​theun​ion.​org/​
what-​we-​do/​publi​catio​ns/​techn​ical/​engli​sh/​TheUn​ion_​DMTB_​Guide.​pdf 
Accessed June 2019.

	19.	 Baker MA, Lin HH, Chang HY, Murray MB. The risk of tuberculosis disease 
among persons with diabetes mellitus: a prospective cohort study. Clin 
Infect Dis. 2012;54:818–25.

	20.	 Lee PH, Fu H, Lai TC, Chiang CY, Chan CC, Lin HH. Glycemic Control and 
the Risk of Tuberculosis: A Cohort Study. PLoS Med. 2016;13: e1002072.

	21.	 Siegelaar SE, Hermanides J, Oudemans-van Straaten HM, van der Voort 
PH, Bosman RJ, Zandstra DF, DeVries JH. Mean glucose during ICU admis‑
sion is related to mortality by a U-shaped curve in surgical and medical 
patients: a retrospective cohort study. Crit Care. 2010;14:R224.

	22.	 Al-Rifai RH, Pearson F, Critchley JA, Abu-Raddad LJ. Association between 
diabetes mellitus and active tuberculosis: A systematic review and meta-
analysis. PLoS ONE. 2017;12: e0187967.

	23.	 Al-Efraij K, Mota L, Lunny C, Schachter M, Cook V, Johnston J. Risk of active 
tuberculosis in chronic kidney disease: A systematic review and meta-
analysis. Int J Tuberc Lung Dis. 2015;19:1493–9.

	24.	 Sterling TR, Njie G, Zenner D, Cohn DL, Reves R, Ahmed A, Menzies D, 
Horsburgh CR Jr, Crane CM, Burgos M, LoBue P, Winston CA, Belknap R. 
Guidelines for the Treatment of Latent Tuberculosis Infection: Recom‑
mendations from the National Tuberculosis Controllers Association and 
CDC, 2020. MMWR Recomm Rep. 2020;69:1–11.

	25.	 Park S, Lee S, Kim Y, Lee Y, Kang MW, Cho S, Han K, Han SS, Lee H, Lee JP, 
Joo KW, Lim CS, Kim YS, Kim DK. Association of CKD with Incident Tuber‑
culosis. Clin J Am Soc Nephrol. 2019;14:1002–10.

	26.	 Huaman MA, Kryscio RJ, Fichtenbaum CJ, Henson D, Salt E, Sterling TR, 
Garvy BA. Tuberculosis and risk of acute myocardial infarction: a propen‑
sity score-matched analysis. Epidemiol Infect. 2017;145:1363–7.

	27.	 Chidambaram V, Ruelas Castillo J, Kumar A, Wei J, Wang S, Majella MG, 
Gupte A, Wang JY, Karakousis PC. The association of atherosclerotic 
cardiovascular disease and statin use with inflammation and treatment 
outcomes in tuberculosis. Sci Rep. 2021;11:15283.

	28.	 Korea Centers for Disease Control and Prevention. Annual report on the 
notified tuberculosis in Korea, 2018. Cheongju: Korea Centers for Disease 
Control and Prevention; 2019 [cited 2019 Apr]. https://​www.​kdca.​go.​kr/​
npt/​biz/​npp/​portal/​nppPb​lctDt​aView.​do?​pblct​DtaSe​At=​5&​pblct​DtaSn=​
2105

	29.	 World Health Organization. Global Tuberculosis Report 2022. Geneva: 
World Health Organization; 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3803/EnM.2023.102
https://doi.org/10.3803/EnM.2023.102
https://www.theunion.org/what-we-do/publications/technical/english/TheUnion_DMTB_Guide.pdf
https://www.theunion.org/what-we-do/publications/technical/english/TheUnion_DMTB_Guide.pdf
https://www.kdca.go.kr/npt/biz/npp/portal/nppPblctDtaView.do?pblctDtaSeAt=5&pblctDtaSn=2105
https://www.kdca.go.kr/npt/biz/npp/portal/nppPblctDtaView.do?pblctDtaSeAt=5&pblctDtaSn=2105
https://www.kdca.go.kr/npt/biz/npp/portal/nppPblctDtaView.do?pblctDtaSeAt=5&pblctDtaSn=2105

	Diabetes severity is strongly associated with the risk of active tuberculosis in people with type 2 diabetes: a nationwide cohort study with a 6-year follow-up
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Participants
	Diabetes severity score
	Measurements and definitions
	Study outcome: incident TB
	Statistical analysis

	Results
	Baseline characteristics according to the presence of active TB
	Risk of active TB according to components of the diabetes severity score
	Incidence and risk of active TB according to the diabetes severity score
	Effect of fasting blood glucose concentration on the risk of active TB in type 2 diabetes

	Discussion
	Anchor 20
	Acknowledgements
	References


