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Objectives: To determine the association between tuberculosis (TB) and cardio-cerebrovascular diseases 

(CVDs). 

Methods: This population-based retrospective study used National Health Insurance database to com- 

pare CVD incidence, including myocardial infarction (MI), arrhythmia, heart failure, and cerebrovascular 

accident (CVA), between TB survivors and 1:1 age-, sex-, income-, region-, and registration date-matched 

controls in Republic of Korea. Cox proportional hazard models were used to analyze associations between 

CVDs and TB. 

Results: We assessed 70,458 individuals with TB and 70,458 matched controls. During a mean 70.2- 

month follow-up, CVD occurred in 4127 (5.9%) TB survivors and 3408 (4.8%) controls. The overall CVD 

incidence was 1035.24 and 801.46 per 10 0,0 0 0 person-years in the TB and control groups, respectively. 

Multivariable Cox proportional hazard analysis showed that TB was associated with a higher risk of over- 

all CVD (adjusted hazard ratio [aHR] 1.305, 95% confidence interval [CI] 1.244-1.370), MI (aHR 1.245, 95% 

CI: 1.134-1.367), arrhythmia (aHR 1.417, 95% CI: 1.294-1.551), heart failure (aHR 1.666, 95% CI: 1.451-1.914), 

and CVA (aHR 1.133, 95% CI: 1.040-1.234) than matched controls. 

Conclusion: We observed a higher CVD risk in TB survivors than in matched controls. Our findings indi- 

cate that preventive measures against CVDs should be considered for this population. 

© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

Tuberculosis (TB) is one of the leading causes of illness and 

eath worldwide [ 1 ]. Before the coronavirus disease 2019 (COVID- 

9) pandemic, TB was known to be the single infectious agent that 

aused the majority of deaths [ 1 ]. Accordingly, TB is recognized 

s a global public health emergency, and multiple effort s have 
∗ Corresponding author: Jung Ho Kim, Department of Internal Medicine and 

IDS Research Institute, Yonsei University College of Medicine, 50-1, Yonsei-ro, 

eodaemun-gu, Seoul 03722, Republic of Korea. 

E-mail address: qetu1111@yuhs.ac (J.H. Kim) . 
† Co-first authors. 
$ Present address: Division of Cancer Control & Policy, National Cancer Control 

nstitute, National Cancer Center, Goyang, South Korea. 
# These authors contributed equally to this work. 

c

a

m

m

m

c

c  

t

ttps://doi.org/10.1016/j.ijid.2025.108337 

201-9712/© 2025 The Authors. Published by Elsevier Ltd on behalf of International Socie

 http://creativecommons.org/licenses/by/4.0/ ) 

Downloaded for Anonymous User (n/a) at Yonsei University Colleg
13, 2026. For personal use only. No other uses without permiss
een made to end the epidemic worldwide [ 2 , 3 ]. Consequently, im- 

rovements in the TB burden have been made through various ef- 

orts despite recent disruptions during the COVID-19 pandemic [ 4 ]. 

owever, even after TB treatment, patients show higher long-term 

ll-cause mortality and post-TB morbidity than the general pop- 

lation [ 5 ]. This might be because comorbidities are more com- 

on in TB survivors than in the general population, and several 

hronic diseases are associated with TB [ 5 ]. These chronic diseases 

re thought to contribute to high mortality rates. In addition, Ro- 

anowski et al. [ 5 ] suggested that patients might not engage in 

edical care after TB treatment completion, and this phenomenon 

ight be attributable to the delay in the detection of recurrence or 

hronic diseases. 

Cardio-cerebrovascular disease (CVD) is the most common 

hronic disease and one of the leading causes of death [ 6 ]. Fur-

hermore, CVD is known to be the leading cause of death in TB 
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urvivors; several studies have suggested an association between 

B and CVD, such as ischemic heart disease and stroke, and several 

echanisms have been proposed [ 5–9 ]. However, the association 

etween overall CVDs and TB has not yet been studied. As CVDs 

emain a leading cause of chronic disability and death worldwide, 

nderstanding the association between overall CVDs and TB is 

rucial to comprehensively understand the burden of TB [ 10 ]. 

urthermore, given that developing countries such as China, India, 

nd Indonesia are major contributors to the prevalence of TB and 

hat the focus on CVDs is expected to grow in these regions as 

ealthcare services improve, early diagnosing CVDs as well as any 

ost-TB-related comorbidities is crucial for reducing the global 

isease burden of TB. 

Therefore, we conducted this study to determine the associa- 

ion between TB and CVDs, including ischemic heart disease, cere- 

rovascular accident (CVA), heart failure, and arrhythmia, using a 

ationwide database in Republic of Korea. 

ethods 

tudy design and data sources 

This retrospective study compared the incidence of CVDs be- 

ween TB survivors and matched controls in Republic of Korea us- 

ng nationwide population data from the National Health Insur- 

nce Service (NHIS)-National Health Information Database (NHID). 

n Republic of Korea, the NHIS is a mandatory universal insurance 

ystem, and majority of the Korean population (97.1% in 2022) will 

ubscribe to the NHIS [ 11 ]. The NHIS-NHID contains participants’ 

dentifiers, sex, birth date, income levels, residence, comorbidities, 

nd claims data, such as prescription drugs and records of diag- 

oses indicated by the International Classification of Diseases 10th 

evision (ICD-10) codes. In addition, we merged the NHIS-NHID 

nd National Health Insurance Service-Health Screening (NHIS- 

EALS) databases, which contain information about height, weight, 

ody mass index (BMI), blood pressure, questionnaires about alco- 

ol consumption and smoking, and laboratory tests (fasting glu- 

ose, creatinine, total cholesterol, low-density lipoprotein choles- 

erol, high-density lipoprotein cholesterol, and triglyceride) ob- 

ained through a biennial health check-up mandatory for all in- 

ured citizens aged ≥40 years. In addition, physicians identifying 

ewly diagnosed patients with TB must report new TB cases, and 

ll patients with TB are given a rare intractable disease (RID) code 

hat guarantees coverage of 90% of the medical costs in Republic of 

orea. New TB cases are reported based on valid radiological and 

linical findings, bacteriological diagnosis, or histological diagnosis. 

articipants 

We retrieved the data of patients newly diagnosed and treated 

or TB between January 2010 and December 2017. Among patients 

ith an ICD-10 diagnosis code for TB, those who were assigned 

n RID code for TB were defined as patients with TB [ 12 ]. Addi-

ionally, patients aged < 40 years were excluded to merge with the 

HIS-HEALS database. Detailed information on the ICD-10 codes, 

ID codes, and definitions of TB is provided in Table S1. 

The study population consisted of the following processes: In 

he NHIS database, we identified 518,396 patients with TB from 

010 to 2017, of which 270,753 cases were diagnosed with a first 

pisode of TB after 2010. Among them, 187,766 patients with RID 

odes for TB were identified, and 158,550 patients remained after 

xcluding those aged < 40 years. To compare the CVD incidence, we 

xtracted a control group of 792,750 patients without TB, matched 

t a 1:5 ratio according to sex, age, income level, region of resi- 

ence, and registration date from the NHIS database. 
2

Downloaded for Anonymous User (n/a) at Yonsei University Colleg
13, 2026. For personal use only. No other uses without permiss
Among the 158,550 patients in the TB group, 79,072 who un- 

erwent health check-ups within 2 years of the index date were 

ncluded. After excluding those with a medical history of CVD dur- 

ng the 2-year washout period, a final case group of 70,458 pa- 

ients was analyzed. Among the 792,750 patients in the control 

roup, 420,775 who underwent health check-ups within 2 years 

ere included. After excluding patients with a medical history 

f CVD during the 2-year washout period, 390,067 patients were 

dentified. Among them, a matched control group of 70,458 in- 

ividuals was composed of 1:1 propensity score matching (PSM) 

ith the TB group based on sex, age, income, region, and index 

ear. 

atient and public involvement 

This research was conducted without patient involvement. Pa- 

ients were not invited to comment on the study design and were 

ot consulted to develop outcome measures or interpret the re- 

ults. Patients were not invited to choose the methods for dissem- 

nation of the study results. 

efinition of study variables 

In this study, CVDs included myocardial infarction (MI), arrhyth- 

ia, heart failure, and CVA. Furthermore, CVDs were identified us- 

ng the ICD-10 diagnosis code, number of diagnoses in the NHIS, 

nd claims for diagnostic tests or treatment. Detailed information 

n the definitions of CVD outcomes is provided in Table S2. To an- 

lyze baseline comorbidities, diabetes mellitus, hypertension, dys- 

ipidemia, chronic kidney disease, end-stage renal disease, chronic 

iver disease, chronic obstructive pulmonary disease (COPD), and 

nflammatory diseases (rheumatoid arthritis, Crohn’s disease, ulcer- 

tive colitis, ankylosing spondylitis, and psoriasis) were identified 

sing ICD-10 diagnosis codes. Baseline comorbidities were defined 

s those confirmed up to 2 years prior to the index date. Detailed 

nformation on the ICD-10 codes and definitions of the comorbidi- 

ies is provided in Table S1. 

tatistical analysis 

Categorical variables are presented as frequencies and percent- 

ges and were compared using the chi-squared test. Continuous 

ariables are presented as mean and standard deviation and were 

ompared using Student’s t -test. The incidence rates of CVD were 

stimated by dividing the total number of CVD occurrences dur- 

ng the follow-up period by the total person-years at risk, and 

resented per 10 0,0 0 0 person-years. The cumulative incidences of 

pecific CVDs according to the presence or absence of TB were 

lotted, and the differences in the cumulative incidences were an- 

lyzed using Gray’s test. The association between CVDs and TB 

as analyzed using the Cox proportional hazards model. Covari- 

tes were incorporated into the multivariate analysis to calculate 

djusted hazard ratios (aHRs) and 95% confidence intervals (CIs), 

ncluding age and sex (Model 1); Model 1 + hypertension, diabetes 

ellitus, and dyslipidemia (Model 2); and Model 2 + socioeco- 

omic status, area of residence, BMI, alcohol consumption, smok- 

ng, regular exercise, fasting glucose, creatinine, and total choles- 

erol (Model 3). 

esults 

aseline characteristics 

During the study period, 70,458 individuals with TB were iden- 

ified from the NHIS database and included in the study ( Figure 1 ).
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2026. Elsevier Inc. All rights reserved.
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Figure 1. Flow chart of study participants. 
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fter 1:1 PSM among the 390,067 control individuals, a final con- 

rol group of 70,458 participants was established. The characteris- 

ics of both groups before and after PSM are presented in Table 1 .

fter PSM, the median follow-up duration for the TB and control 

roups was 67.90 ± 30.78 and 72.42 ± 28.22 months, respectively. 

he mean age was 61.30 ± 12.58 years in the TB group and 61.13 ±
2.37 years in the control group. In both groups, 57.1% of the pa- 

ients were men. After PSM, the standardized differences showed 

hat both groups were balanced in terms of age, sex, income level, 

nd residential area. 

ssociation between TB and the incidence of CVDs 

During the follow-up period, 7535 participants were diagnosed 

ith CVDs (4127 in the TB group and 3408 in the control group). 

he incidence rate of CVD in the TB group was 1035.24 per 

0 0,0 0 0 person-years and 801.46 per 10 0,0 0 0 person-years in the

ontrol group ( Table 2 ). Multivariable Cox proportional hazard 

nalysis showed that TB was associated with a higher risk of over- 

ll CVDs (Model 3: aHR: 1.305, 95% CI: 1.244-1.370, P < 0.0 0 01)
3
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han the controls. When the risk of CVDs was analyzed in specific 

iseases, such as MI (aHR: 1.245, 95% CI: 1.134-1.367, P < 0.0 0 01), 

rrhythmia (aHR: 1.417, 95% CI: 1.294-1.551, P < 0.0 0 01), heart fail- 

re (aHR: 1.6 6 6, 95% CI: 1.451-1.914, P < 0.0 0 01), and CVA (aHR:

.133, 95% CI: 1.040-1.234, P = 0.0043), TB still showed significant 

ssociations in multivariable analyzes (Model 3, Figure 2 ). Cumula- 

ive incidence curves also showed a significantly higher incidence 

f CVDs in the TB group (overall CVD, P < 0.0 0 01; MI, P < 0.0 0 01;

rrhythmia, P < 0.0 0 01; heart failure, P < 0.0 0 01; CVA, P = 0.0 011,

ray’s test) ( Figure 3 ). The results of comparing variables, including 

B, by dividing the study population according to the presence or 

bsence of CVDs are shown in Table S3. The CVD group was older 

nd had higher BMI, fasting blood glucose, serum creatinine, and 

otal cholesterol levels than those without CVDs. 

ubgroup analyzes 

Subgroup analyzes stratified by age (40-49, 50-59, 60-69, and 

70 years) and sex are shown in Table S4. In each sex and age 

roup, patients with TB showed a higher risk of CVD in the ad- 
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2026. Elsevier Inc. All rights reserved.
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Table 1 

Baseline characteristics before and after propensity score matching in study population. 

Before PSM After PSM 

Tuberculosis 

( N = 70,458) 

Control 

( N = 390,067) 

Tuberculosis 

( N = 70,458) 

Control 

( N = 70,458) 

P Standardized 

difference 

Follow-up (month), mean (SD) 67.90 ( ±30.78) 71.66 ( ±28.16) 67.90 ( ±30.78) 72.42 ( ±28.22) < 0.0001 

Age (years) 

Mean ± SD 61.30 ( ±12.58) 61.17 ( ±12.29) 61.30 ( ±12.58) 61.13 ( ±12.37) 

40-49 14,893 (21.1) 81,056 (20.8) 14,893 (21.1) 14,932 (21.2) 

50-59 18,599 (26.4) 103,962 (26.7) 18,599 (26.4) 18,642 (26.5) 0.00138 

60-69 15,752 (22.4) 88,595 (22.7) 15,752 (22.4) 15,752 (22.4) 0.00001 

≥70 21,214 (30.1) 116,454 (29.9) 21,214 (30.1) 21,132 (30.0) –0.00254 

Sex 

Male 40,210 (57.1) 234,180 (60.0) 40,210 (57.1) 40,210 (57.1) 

Female 30,248 (42.9) 155,887 (40.0) 30,248 (42.9) 30,248 (42.9) 0.00001 

Income level 

1st quintile 13,666 (19.4) 80,631 (20.7) 13,666 (19.4) 13,610 (19.3) 

2nd quintile 10,248 (14.5) 56,815 (14.6) 10,248 (14.5) 10,256 (14.6) 0.00032 

3rd quintile 11,928 (16.9) 65,898 (16.9) 11,928 (16.9) 11,945 (17.0) 0.00064 

4th quintile 14,987 (21.3) 80,168 (20.6) 14,987 (21.3) 14,987 (21.3) 0.00001 

5th quintile 19,629 (27.9) 106,555 (27.3) 19,629 (27.9) 19,660 (27.9) 0.00098 

Region 

Seoul 12,293 (17.4) 69,613 (17.8) 12,293 (17.4) 12,293 (17.4) 

Gyeonggi 13,680 (19.4) 76,740 (19.7) 13,680 (19.4) 13,663 (19.4) –0.00061 

Metropolitan 17,581 (25.0) 96,505 (24.7) 17,581 (25.0) 17,599 (25.0) 0.00059 

Rural 26,904 (38.2) 147,209 (37.7) 26,904 (38.2) 26,903 (38.2) –0.00003 

Smoking history 

Never 40,629 (57.7) 228,585 (58.6) 40,629 (57.7) 42,792 (60.7) < 0.0001 

Former 11,787 (16.7) 80,039 (20.5) 11,787 (16.7) 13,631 (19.3) 

Current 18,042 (25.6) 81,443 (20.9) 18,042 (25.6) 14,035 (19.9) 

Alcohol consumption 

≤1 time/week 51,521 (73.1) 286,119 (73.4) 51,521 (73.1) 52,329 (74.3) < 0.0001 

2-4 times/week 13,360 (19.0) 80,497 (20.6) 13,360 (19.0) 13,943 (19.8) 

≥5 times/week 5577 (7.9) 23,451 (6.0) 5577 (7.9) 4186 (5.9) 

Regular exercise 

No 39,995 (56.8) 196,657 (50.4) 39,995 (56.8) 35,836 (50.9) < 0.0001 

Yes 30,463 (43.2) 193,410 (49.6) 30,463 (43.2) 34,622 (49.1) 

BMI, mean (SD) 22.35 ( ±3.09) 24.02 ( ±3.10) 22.35 ( ±3.09) 24.00 ( ±3.11) < 0.0001 

Baseline comorbidity 

Diabetes mellitus 11,991 (17.0) 49,390 (12.7) 11,991 (17.0) 8736 (12.4) < 0.0001 

Hypertension 23,933 (34.0) 143,959 (36.9 23,933 (34.0) 25,895 (36.8) < 0.0001 

Dyslipidemia 13,922 (19.8) 90,044 (23.1) 13,922 (19.8) 16,098 (22.8) < 0.0001 

CKD + ESRD 1068 (1.5) 2726 (0.7) 1068 (1.5) 451 (0.6) < 0.0001 

Chronic liver disease 4093 (5.8) 14,531 (3.7) 4093 (5.8) 2634 (3.7) 0.0188 

COPD 14,091 (20.0) 29,435 (7.5) 14,091 (20.0) 5384 (7.6) < 0.0001 

Inflammatory disease a 1843 (2.6) 6401 (1.6) 1843 (2.6) 1128 (1.6) 0.4514 

Laboratory results, mean (SD) 

Fasting blood sugar 107.1 ( ±40.69) 102.7 ( ±26.73) 107.1 ( ±40.69) 102.4 ( ±26.31) < 0.0001 

Creatinine 0.95 ( ±0.93) 0.94 ( ±0.74) 0.95 ( ±0.93) 0.94 ( ±0.82) 0.0039 

Total cholesterol 188.7 ( ±39.76) 196.7 ( ±40.20) 188.7 ( ±39.76) 196.8 ( ±40.49) < 0.0001 

Continuous variables were described as mean ± standard deviation, and categorical variables were described as numbers (percentages). 

BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; PSM, propensity score matching. 
a Inflammatory disease consisted of rheumatoid arthritis, Crohn’s disease, ulcerative colitis, ankylosing spondylitis, and psoriasis. 

Figure 2. Forest plot for Cox proportional hazard model by specific cardio-cerebrovascular disease CVA, cerebrovascular accident; MI, myocardial infarction. 

4
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Table 2 

Incidence and hazard ratios for cardio-cerebrovascular disease in TB group compared to the control group. 

Tuberculosis Control group Model 1 a Model 2 b Model 3 c 

Events IR (per 10 0,0 0 0 

person-year) 

Events IR (per 10 0,0 0 0 

person-year) 

HR (95% CI) P HR (95% CI) P HR (95% CI) P 

Overall cardio- 

cerebrovascular 

disease 

4127 1035.24 3408 801.46 1.345 

(1.285-1.407) 

< 0.0001 1.315 

(1.255-1.378) 

< 0.0001 1.305 

(1.244-1.370) 

< 0.0001 

MI (myocardial 

infarction, coronary 

revascularization) 

1096 281.47 935 224.80 1.305 

(1.196-1.424) 

< 0.0001 1.247 

(1.139-1.364) 

< 0.0001 1.245 

(1.134-1.367) 

< 0.0001 

Arrhythmia (atrial 

fibrillation, sick sinus 

syndrome, 

atrioventricular block, 

pacemaker 

implantation) 

1196 307.26 957 230.18 1.380 

(1.267-1.502) 

< 0.0001 1.380 

(1.264-1.506) 

< 0.0001 1.417 

(1.294-1.551) 

< 0.0001 

Heart failure 601 155.04 362 87.49 1.853 

(1.626-2.111) 

< 0.0001 1.727 

(1.509-1.976) 

< 0.0001 1.666 

(1.451-1.914) 

< 0.0001 

CVA (ischemic stroke, 

intracranial 

hemorrhage) 

1234 316.56 1154 276.98 1.191 

(1.099-1.291) 

< 0.0001 1.184 

(1.090-1.285) 

< 0.0001 1.133 

(1.040-1.234) 

0.0043 

CI, confidential interval; HR, hazard ratio; IR, incident rate. 
a Model 1, Adjusted for age and sex. 
b Model 2, Adjusted for Model 1 + hypertension, diabetes mellitus, and dyslipidemia. 
c Model 3, Adjusted for Model 2 + socioeconomic status, area of residence, BMI, alcohol consumption, smoking, regular exercise, fasting glucose, creatinine, and total 

cholesterol. 
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usted models, except for those in the 40-49 years age group. Ad- 

itionally, the risk of CVD showed significant differences between 

exes and age groups ( P -for interaction < 0.0 0 01). 

iscussion 

This study comprehensively investigated the association be- 

ween CVDs and TB using a nationwide database. Our study 

emonstrated that patients with TB had a higher overall incidence 

f CVDs than those without TB. Furthermore, TB survivors had a 

igher incidence of MI, arrhythmia, heart failure, and CVA than 

hose without TB, after adjusting for age, sex, lifestyle, and comor- 

idities. 

The suggested mechanisms responsible for the association be- 

ween TB and CVDs include direct effects on the myocardium and 

oronary arteries, increased expression of pro-inflammatory cy- 

okines, monocyte/macrophage immune activation, CD4 + TH1 and 

H17 cell immune activation, and autoimmunity mediated by an- 

ibodies against mycobacterial HSP65 [ 6 ]. Additionally, some stud- 

es suggest an association between antibiotic use and CVDs [ 13 , 14 ].

roposed mechanisms for this association include antibiotic- 

nduced macrophage activation leading to lipid accumulation and 

therosclerosis, as well as alterations in the gut microbiota caused 

y antibiotics, which may also contribute to atherosclerosis [ 14 ]. 

otably, TB is presumed to cause chronic inflammation even af- 

er treatment, which may be attributed to the progression of arte- 

iosclerosis, an essential mechanism in the development of CVDs 

 15 , 16 ]. In addition, lung damage caused by TB often persists and

esults in chronic lung diseases (such as COPD), which may also af- 

ect the occurrence of CVD [ 17 ]. Post-TB sequelae have usually fo- 

used on the respiratory complications and the psychosocial mor- 

idities [ 18 , 19 ]. However, because CVD is the leading cause of

eath, its association with CVD after TB deserves attention. In the 

ase of CVD, early detection is vital to prevent progression. Conse- 

uently, our study suggests that patients with TB require continued 

ttention for CVD, even if their TB is successfully treated [ 20 ]. Usu-

lly, patient care ends with treatment completion, and the success- 

ul completion of TB treatment might discourage patients from us- 

ng medical services [ 5 , 21 ]. Therefore, periodic screening tests for 

hronic diseases in patients should be considered even after treat- 
5
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ent for TB. In this study, the association between CVD and TB 

as significant in patients > 50 years of age; therefore, paying at- 

ention to early detection of CVD in patients of this age would be 

elpful for their long-term prognosis. 

In this study, the TB group showed a significantly higher risk 

aHR: 1.245, 95% CI: 1.134-1.367) of MI. This finding is consistent 

ith results from previous studies, which have also reported an 

levated risk of MI among TB survivors [ 7 , 22 ]. The magnitude of

he effect size in our study differed from that reported by Hua- 

an et al. [ 7 ], but the study was performed in a population with

 higher prevalence of chronic diseases, such as hypertension and 

hronic kidney disease, which results in a different risk profile for 

eveloping acute MI. Additionally, similar to our study, Lee et al. 

 22 ] used the NHIS database and suggested that TB survivors had 

 higher risk of developing ischemic heart disease. However, their 

tudy only excluded patients previously diagnosed with ischemic 

eart disease. Therefore, unlike the present study population, pa- 

ients with a history of heart failure or CVA may have been in- 

luded. Additionally, unlike the study by Lee et al., we matched 

ncome quintiles when composing the matched controls for the TB 

urvivor group. Since low socioeconomic status is associated with 

 higher incidence of TB but also a higher incidence of CVD, our 

tudy could independently identify the impact of TB on CVD inci- 

ence by matching income quintiles [ 23 , 24 ]. 

Among the CVDs, the aHR for heart failure tended to be higher 

han those for other CVDs in our study. Pericardial involvement 

n TB is relatively common, and cardiac involvement in TB can 

ead to heart failure [ 25 ]. Nevertheless, the high aHR for heart 

ailure is unlikely to be explained solely by cardiac involvement 

n TB. Furthermore, ischemic heart disease is a major causative 

actor for heart failure [ 26 ]. Given the potential role of TB in

therosclerosis and previous studies showing an association be- 

ween atherosclerosis-mediated disease and TB, ischemic heart 

ailure may contribute to a higher aHR for heart failure [ 6 , 7 ]. Al-

hough our study cannot demonstrate the mechanism of associa- 

ion between TB and CVDs, to the best of our knowledge, this is 

he first population-based study to suggest previously unempha- 

ized adverse effects of TB associated with heart failure. 

Our study has several strengths. First, by merging and analyz- 

ng the NHIS-NHID and NHIS-HEALS data, we were able to com- 
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2026. Elsevier Inc. All rights reserved.
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Figure 3. Cumulative incidence of cardio-cerebrovascular disease according to TB. (a) Overall cardio-cerebrovascular disease; (b) myocardial infarction; (c) arrhythmia; (d) 

heart failure; (e) cerebrovascular accident. 
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ose a matched study population for income level and region of 

esidence and adjust for variables such as smoking and drinking. 

ecause socioeconomic status is associated with the incidence of 

B and CVD, and smoking and drinking are relatively common in 

atients with TB and are risk factors for CVDs, our study was able 

o analyze the independent effect of TB on CVD through an adjust- 

ent process [ 23 , 24 , 27–29 ]. Second, by conducting research tar-

eting overall CVDs rather than the risk for specific CVDs, such as 

I, including arrhythmia and heart failure, not addressed by exist- 

ng population-based studies, we were able to gain a deeper un- 

erstanding of the impact of TB and calculate the risk for overall 

VDs in TB survivors. This study is the first population-based study 

o suggest an association between TB, arrhythmia, and heart fail- 
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re. Third, as patients with TB are given the RID code in Republic 

f Korea, more accurate identification of patients with TB is pos- 

ible than in other population-based studies with an operational 

efinition of TB, allowing this study to conduct a reliable and de- 

ailed analysis. Fourth, using a nationwide database, we compared 

he incidence rates of CVDs between the TB and control groups in 

 large population. Fifth, through subgroup analysis of sex and age 

roups, the contribution of TB to CVD occurrence could be com- 

ared by group, serving as background data for healthcare policy. 

However, this study has several limitations. First, to accurately 

nalyze the occurrence of CVD, long-term follow-up is necessary; 

owever, our study period might be insufficient to identify the oc- 

urrence of CVD. However, since the cumulative incidence curve 
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2026. Elsevier Inc. All rights reserved.
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[

[  

[

[

howed a relatively constant upward trend in cumulative CVD 

ver time, similar results would be expected in studies with ex- 

ended follow-up periods. Second, we adjusted for lifestyle habits 

uch as smoking, drinking, and regular exercise by merging the 

ealth check-up data; however, we could not reflect changes in 

he lifestyle habits of the participants during the study period. 

hird, as this study was conducted using a nationwide database 

n Republic of Korea, additional research is needed to determine 

hether similar results will be shown for patients with differ- 

nt lifestyles, ethnicities, and environments. Fourth, drug-resistant 

B may cause a more severe inflammatory response than drug- 

usceptible TB, which could affect the risk of CVD [ 30 ]. Addition- 

lly, the duration of antibiotic use may also influence CVD risk [ 14 ].

owever, our study could not include these factors in the analysis. 

onclusion 

In a nationwide population-based cohort study, we observed a 

igher risk of CVDs in TB survivors than in age-, sex-, income-, 

egion-, and index-year-matched controls. Efforts for the preven- 

ion and early detection of CVDs should be considered in TB sur- 

ivors. Further studies are needed on this association and to pro- 

ide detailed recommendations for preventive measures against 

VD in TB survivors. 

unding 

This work was supported by National Health Insurance Service 

lsan Hospital grant (grant number NHIMC-2022-CR-005) (S.H.P.). 

he funder of the study had no role in the design and conduct of 

he study; collection, management, analysis, and interpretation of 

he data; preparation, review, or approval of the manuscript; and 

ecision to submit the manuscript for publication. 

thical approval 

This study was approved by the Institutional Review Board of 

he National Health Insurance Service Ilsan Hospital (Institutional 

eview Board No: NHIMC 2022-08-023), and permission to analyze 

he NHIS databases was granted. De-identified and anonymized 

ata were used for the analyzes, and the requirement for informed 

onsent was waived. This study was conducted in accordance with 

he ethical standards outlined in the 1964 Declaration of Helsinki 

nd its subsequent amendments. 

uthor contributions 

J.W.K., S.H.P., and J.H.K. conceptualized and designed the study. 

.W.K., H.P., and W-R.L. performed data curation and statistical 

nalysis. S.J.L, J.Y.A, S.J.J., N.S.K., J.Y.C., J-S.Y., S.H.P., and J.H.K inter- 

reted data. S.J.L., S.H.P., and J.H.K. wrote the manuscript. All au- 

hors performed critical revision of the manuscript, and read and 

pproved the final version of the manuscript. 

ata availability 

The claims data analyzed in this study are available from the 

orean National Health Insurance Sharing Service, which is open 

o researchers on request with approval by the institutional review 

oard. 

eclaration of competing interest 

The authors declare that they have no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this article. 
7

Downloaded for Anonymous User (n/a) at Yonsei University Colleg
13, 2026. For personal use only. No other uses without permiss
upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.ijid.2025.108337 . 

eferences 

[1] World Health Organization Global tuberculosis report 2022 . Geneva: World 

Health Organization; 2022 . 
[2] Nathavitharana RR, Friedland JS. A tale of two global emergencies: tuberculosis 

control efforts can learn from the Ebola outbreak. Eur Respir J 2015; 46 (2):293–
6. doi: 10.1183/139930 03.0 0436-2015 . 

[3] Uplekar M, Weil D, Lonnroth K, Jaramillo E, Lienhardt C, Dias HM, et al. 

WHO’s new end TB strategy. Lancet 2015; 385 (9979):1799–801. doi: 10.1016/ 
s0140- 6736(15)60570- 0 . 

[4] World Health Organization Global tuberculosis report 2023 . Geneva: World 
Health Organization; 2023 . 

[5] Romanowski K, Baumann B, Basham CA, Ahmad Khan F, Fox GJ, Johnston JC. 
Long-term all-cause mortality in people treated for tuberculosis: a systematic 

review and meta-analysis. Lancet Infect Dis 2019; 19 (10):1129–37. doi: 10.1016/ 

s1473- 3099(19)30309- 3 . 
[6] Huaman MA, Henson D, Ticona E, Sterling TR, Garvy BA. Tuberculosis and 

cardiovascular disease: linking the epidemics. Trop Dis Travel Med Vaccines 
2015; 1 . doi: 10.1186/s40794-015- 0014- 5 . 

[7] Huaman MA, Kryscio RJ, Fichtenbaum CJ, Henson D, Salt E, Sterling TR, 
et al. Tuberculosis and risk of acute myocardial infarction: a propensity 

score-matched analysis. Epidemiol Infect 2017; 145 (7):1363–7. doi: 10.1017/ 

s09502688170 0 0279 . 
[8] Salindri AD, Wang JY, Lin HH, Magee MJ. Post-tuberculosis incidence of dia- 

betes, myocardial infarction, and stroke: retrospective cohort analysis of pa- 
tients formerly treated for tuberculosis in Taiwan, 2002-2013. Int J Infect Dis 

2019; 84 :127–30. doi: 10.1016/j.ijid.2019.05.015 . 
[9] Basham CA, Smith SJ, Romanowski K, Johnston JC. Cardiovascular morbidity 

and mortality among persons diagnosed with tuberculosis: a systematic re- 
view and meta-analysis. PLoS One 2020; 15 (7):e0235821. doi: 10.1371/journal. 

pone.0235821 . 

[10] Li Z, Lin L, Wu H, Yan L, Wang H, Yang H, et al. Global, regional, and na-
tional death, and disability-adjusted life-years (DALYs) for cardiovascular dis- 

ease in 2017 and trends and risk analysis from 1990 to 2017 using the Global
Burden of Disease Study and implications for prevention. Front Public Health 

2021; 9 :559751. doi: 10.3389/fpubh.2021.559751 . 
[11] National Health Insurance Service National Health Insurance Statistical Yearbook. 

2023 . [accessed 30 June 2024] https://www.hira.or.kr/bbsDummy.do?pgmid= 

HIRAJ030 0 0 0 0 070 01&brdScnBltNo=4&brdBltNo=7&pageIndex=1&pageIndex2= 
1#none . 

12] Choi H, Yoo JE, Han K, Choi W, Rhee SY, Lee H, et al. Body mass index,
diabetes, and risk of tuberculosis: a retrospective cohort study. Front Nutr 

2021; 8 :739766. doi: 10.3389/fnut.2021.739766 . 
[13] Sethi NJ, Safi S, Korang SK, Hróbjartsson A, Skoog M, Gluud C, et al. Antibiotics 

for secondary prevention of coronary heart disease. Cochrane Database Syst Rev 

2021; 2 (2):Cd003610. doi: 10.1002/14651858.CD003610.pub4 . 
[14] Heianza Y, Zheng Y, Ma W, Rimm EB, Albert CM, Hu FB, et al. Duration and

life-stage of antibiotic use and risk of cardiovascular events in women. Eur 
Heart J 2019; 40 (47):3838–45. doi: 10.1093/eurheartj/ehz231 . 

[15] Rosenfeld ME, Campbell LA. Pathogens and atherosclerosis: update on the 
potential contribution of multiple infectious organisms to the pathogen- 

esis of atherosclerosis. Thromb Haemost 2011; 106 (5):858–67. doi: 10.1160/ 

th11- 06- 0392 . 
[16] Malherbe ST, Shenai S, Ronacher K, Loxton AG, Dolganov G, Kriel M, et al. 

Persisting positron emission tomography lesion activity and Mycobacterium 

tuberculosis mRNA after tuberculosis cure. Nat Med 2016; 22 (10):1094–100. 

doi: 10.1038/nm.4177 . 
[17] Rabe KF, Hurst JR, Suissa S. Cardiovascular disease and COPD: dangerous li- 

aisons? Eur Respir Rev 2018; 27 (149). doi: 10.1183/160 0 0617.0 057-2018 . 

[18] Visca D, Centis R, Munoz-Torrico M, Pontali E. Post-tuberculosis sequelae: the 
need to look beyond treatment outcome. Int J Tuberc Lung Dis 2020; 24 (8):761–

2. doi: 10.5588/ijtld.20.0488 . 
[19] Allwood BW, van der Zalm MM, Amaral AFS, Byrne A, Datta S, Egere U, et al.

Post-tuberculosis lung health: perspectives from the First International Sym- 
posium. Int J Tuberc Lung Dis 2020; 24 (8):820–8. doi: 10.5588/ijtld.20.0067 . 

20] Chou R, Cantor A, Dana T, Wagner J, Ahmed AY, Fu R, et al. Statin use for

the primary prevention of cardiovascular disease in adults: updated evidence 
report and systematic review for the US Preventive Services Task Force. Jama 

2022; 328 (8):754–71. doi: 10.1001/jama.2022.12138 . 
21] Schoeman I, Sifumba Z. Tuberculosis care does not end at treatment 

completion—a perspective from tuberculosis survivors. Lancet Infect Dis 
2021; 21 (7):896–7. doi: 10.1016/s1473- 3099(20)30941- 5 . 

22] Lee HR, Yoo JE, Choi H, Han K, Lim YH, Lee H, et al. Tuberculosis and the
risk of ischemic heart disease: a nationwide cohort study. Clin Infect Dis 

2023; 76 (9):1576–84. doi: 10.1093/cid/ciac946 . 

23] Hargreaves JR, Boccia D, Evans CA, Adato M, Petticrew M, Porter JD. The so- 
cial determinants of tuberculosis: from evidence to action. Am J Public Health 

2011; 101 (4):654–62. doi: 10.2105/ajph.2010.199505 . 
24] Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, Bangdiwala SI, Al- 

Habib KF, et al. Socioeconomic status and risk of cardiovascular disease in 20 
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2026. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.ijid.2025.108337
http://refhub.elsevier.com/S1201-9712(25)00554-5/sbref0001
https://doi.org/10.1183/13993003.00436-2015
https://doi.org/10.1016/s0140-6736(15)60570-0
http://refhub.elsevier.com/S1201-9712(25)00554-5/sbref0004
https://doi.org/10.1016/s1473-3099(19)30309-3
https://doi.org/10.1186/s40794-015-0014-5
https://doi.org/10.1017/s0950268817000279
https://doi.org/10.1016/j.ijid.2019.05.015
https://doi.org/10.1371/journal.pone.0235821
https://doi.org/10.3389/fpubh.2021.559751
https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAJ030000007001&brdScnBltNo=4&brdBltNo=7&pageIndex=1&pageIndex2=1#none
https://doi.org/10.3389/fnut.2021.739766
https://doi.org/10.1002/14651858.CD003610.pub4
https://doi.org/10.1093/eurheartj/ehz231
https://doi.org/10.1160/th11-06-0392
https://doi.org/10.1038/nm.4177
https://doi.org/10.1183/16000617.0057-2018
https://doi.org/10.5588/ijtld.20.0488
https://doi.org/10.5588/ijtld.20.0067
https://doi.org/10.1001/jama.2022.12138
https://doi.org/10.1016/s1473-3099(20)30941-5
https://doi.org/10.1093/cid/ciac946
https://doi.org/10.2105/ajph.2010.199505


S.J. Lee, J. Kim, H. Pak et al. International Journal of Infectious Diseases 164 (2026) 108337

[

[  

[

[

[  

[

low-income, middle-income, and high-income countries: the Prospective Ur- 
ban Rural Epidemiologic (PURE) study. Lancet Glob Health 2019; 7 (6):e748–60. 

doi: 10.1016/s2214-109x(19)30045-2 . 
25] López-López JP, Posada-Martínez EL, Saldarriaga C, Wyss F, Ponte-Negretti CI, 

Alexander B, et al. Tuberculosis and the heart. J Am Heart Assoc 
2021; 10 (7):e019435. doi: 10.1161/jaha.120.019435 . 

26] Vedin O, Lam CSP, Koh AS, Benson L, Teng THK, Tay WT, et al. Signifi-
cance of ischemic heart disease in patients with heart failure and preserved, 

midrange, and reduced ejection fraction: a nationwide cohort study. Circ Heart 

Fail 2017; 10 (6). doi: 10.1161/circheartfailure.117.003875 . 
27] Rosoff DB, Davey Smith G, Mehta N, Clarke TK, Lohoff FW. Evaluating 

the relationship between alcohol consumption, tobacco use, and cardiovas- 
cular disease: a multivariable Mendelian randomization study. PLoS Med 

2020; 17 (12):e1003410. doi: 10.1371/journal.pmed.1003410 . 
8

Downloaded for Anonymous User (n/a) at Yonsei University Colleg
13, 2026. For personal use only. No other uses without permiss
28] Bissell TF K, Chiang C-Y, Enarson D. Smoking cessation and smokefree envi- 
ronments for tuberculosis patients . Paris, France: International Union Against 

Tuberculosis and Lung Disease; 2010 https:// theunion.org/ technical-publications/ 
smoking- cessation- and- smokefree- environments- for- tuberculosis- patients [ac- 

cessed 30 June 2024] . 
29] Lönnroth K, Williams BG, Stadlin S, Jaramillo E, Dye C. Alcohol use as a risk

factor for tuberculosis – a systematic review. BMC Public Health 2008; 8 :289. 
doi: 10.1186/1471- 2458- 8- 289 . 

30] Sampath P, Rajamanickam A, Thiruvengadam K, Natarajan AP, Hissar S, Dhana- 

pal M, et al. Cytokine upsurge among drug-resistant tuberculosis endorse the 
signatures of hyper inflammation and disease severity. Sci Rep 2023; 13 (1):785. 

doi: 10.1038/s41598- 023- 27895- 8 . 
e of Medicine from ClinicalKey.com by Elsevier on March 
ion. Copyright ©2026. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/s2214-109x(19)30045-2
https://doi.org/10.1161/jaha.120.019435
https://doi.org/10.1161/circheartfailure.117.003875
https://doi.org/10.1371/journal.pmed.1003410
https://theunion.org/technical-publications/smoking-cessation-and-smokefree-environments-for-tuberculosis-patients
https://doi.org/10.1186/1471-2458-8-289
https://doi.org/10.1038/s41598-023-27895-8

	Tuberculosis and increased risk of cardio-cerebrovascular disease: A nationwide cohort study
	Introduction
	Methods
	Study design and data sources
	Participants
	Patient and public involvement
	Definition of study variables
	Statistical analysis

	Results
	Baseline characteristics
	Association between TB and the incidence of CVDs
	Subgroup analyzes

	Discussion
	Conclusion
	Funding
	Ethical approval
	Author contributions
	Data availability
	Declaration of competing interest
	Supplementary materials
	References


