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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 100,000 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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Introduction been made to end the epidemic worldwide [2,3]. Consequently, im-

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

Tuberculosis (TB) is one of the leading causes of illness and
death worldwide [1]. Before the coronavirus disease 2019 (COVID-
19) pandemic, TB was known to be the single infectious agent that
caused the majority of deaths [1]. Accordingly, TB is recognized
as a global public health emergency, and multiple efforts have
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forts despite recent disruptions during the COVID-19 pandemic [4].
However, even after TB treatment, patients show higher long-term
all-cause mortality and post-TB morbidity than the general pop-
ulation [5]. This might be because comorbidities are more com-
mon in TB survivors than in the general population, and several
chronic diseases are associated with TB [5]. These chronic diseases
are thought to contribute to high mortality rates. In addition, Ro-
manowski et al. [5] suggested that patients might not engage in
medical care after TB treatment completion, and this phenomenon
might be attributable to the delay in the detection of recurrence or
chronic diseases.

Cardio-cerebrovascular disease (CVD) is the most common
chronic disease and one of the leading causes of death [6]. Fur-
thermore, CVD is known to be the leading cause of death in TB
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survivors; several studies have suggested an association between
TB and CVD, such as ischemic heart disease and stroke, and several
mechanisms have been proposed [5-9]. However, the association
between overall CVDs and TB has not yet been studied. As CVDs
remain a leading cause of chronic disability and death worldwide,
understanding the association between overall CVDs and TB is
crucial to comprehensively understand the burden of TB [10].
Furthermore, given that developing countries such as China, India,
and Indonesia are major contributors to the prevalence of TB and
that the focus on CVDs is expected to grow in these regions as
healthcare services improve, early diagnosing CVDs as well as any
post-TB-related comorbidities is crucial for reducing the global
disease burden of TB.

Therefore, we conducted this study to determine the associa-
tion between TB and CVDs, including ischemic heart disease, cere-
brovascular accident (CVA), heart failure, and arrhythmia, using a
nationwide database in Republic of Korea.

Methods
Study design and data sources

This retrospective study compared the incidence of CVDs be-
tween TB survivors and matched controls in Republic of Korea us-
ing nationwide population data from the National Health Insur-
ance Service (NHIS)-National Health Information Database (NHID).
In Republic of Korea, the NHIS is a mandatory universal insurance
system, and majority of the Korean population (97.1% in 2022) will
subscribe to the NHIS [11]. The NHIS-NHID contains participants’
identifiers, sex, birth date, income levels, residence, comorbidities,
and claims data, such as prescription drugs and records of diag-
noses indicated by the International Classification of Diseases 10th
revision (ICD-10) codes. In addition, we merged the NHIS-NHID
and National Health Insurance Service-Health Screening (NHIS-
HEALS) databases, which contain information about height, weight,
body mass index (BMI), blood pressure, questionnaires about alco-
hol consumption and smoking, and laboratory tests (fasting glu-
cose, creatinine, total cholesterol, low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol, and triglyceride) ob-
tained through a biennial health check-up mandatory for all in-
sured citizens aged >40 years. In addition, physicians identifying
newly diagnosed patients with TB must report new TB cases, and
all patients with TB are given a rare intractable disease (RID) code
that guarantees coverage of 90% of the medical costs in Republic of
Korea. New TB cases are reported based on valid radiological and
clinical findings, bacteriological diagnosis, or histological diagnosis.

Participants

We retrieved the data of patients newly diagnosed and treated
for TB between January 2010 and December 2017. Among patients
with an ICD-10 diagnosis code for TB, those who were assigned
an RID code for TB were defined as patients with TB [12]. Addi-
tionally, patients aged <40 years were excluded to merge with the
NHIS-HEALS database. Detailed information on the ICD-10 codes,
RID codes, and definitions of TB is provided in Table S1.

The study population consisted of the following processes: In
the NHIS database, we identified 518,396 patients with TB from
2010 to 2017, of which 270,753 cases were diagnosed with a first
episode of TB after 2010. Among them, 187,766 patients with RID
codes for TB were identified, and 158,550 patients remained after
excluding those aged <40 years. To compare the CVD incidence, we
extracted a control group of 792,750 patients without TB, matched
at a 1:5 ratio according to sex, age, income level, region of resi-
dence, and registration date from the NHIS database.
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Among the 158,550 patients in the TB group, 79,072 who un-
derwent health check-ups within 2 years of the index date were
included. After excluding those with a medical history of CVD dur-
ing the 2-year washout period, a final case group of 70,458 pa-
tients was analyzed. Among the 792,750 patients in the control
group, 420,775 who underwent health check-ups within 2 years
were included. After excluding patients with a medical history
of CVD during the 2-year washout period, 390,067 patients were
identified. Among them, a matched control group of 70,458 in-
dividuals was composed of 1:1 propensity score matching (PSM)
with the TB group based on sex, age, income, region, and index
year.

Patient and public involvement

This research was conducted without patient involvement. Pa-
tients were not invited to comment on the study design and were
not consulted to develop outcome measures or interpret the re-
sults. Patients were not invited to choose the methods for dissem-
ination of the study results.

Definition of study variables

In this study, CVDs included myocardial infarction (MI), arrhyth-
mia, heart failure, and CVA. Furthermore, CVDs were identified us-
ing the ICD-10 diagnosis code, number of diagnoses in the NHIS,
and claims for diagnostic tests or treatment. Detailed information
on the definitions of CVD outcomes is provided in Table S2. To an-
alyze baseline comorbidities, diabetes mellitus, hypertension, dys-
lipidemia, chronic kidney disease, end-stage renal disease, chronic
liver disease, chronic obstructive pulmonary disease (COPD), and
inflammatory diseases (rheumatoid arthritis, Crohn’s disease, ulcer-
ative colitis, ankylosing spondylitis, and psoriasis) were identified
using ICD-10 diagnosis codes. Baseline comorbidities were defined
as those confirmed up to 2 years prior to the index date. Detailed
information on the ICD-10 codes and definitions of the comorbidi-
ties is provided in Table S1.

Statistical analysis

Categorical variables are presented as frequencies and percent-
ages and were compared using the chi-squared test. Continuous
variables are presented as mean and standard deviation and were
compared using Student’s t-test. The incidence rates of CVD were
estimated by dividing the total number of CVD occurrences dur-
ing the follow-up period by the total person-years at risk, and
presented per 100,000 person-years. The cumulative incidences of
specific CVDs according to the presence or absence of TB were
plotted, and the differences in the cumulative incidences were an-
alyzed using Gray’'s test. The association between CVDs and TB
was analyzed using the Cox proportional hazards model. Covari-
ates were incorporated into the multivariate analysis to calculate
adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs),
including age and sex (Model 1); Model 1 + hypertension, diabetes
mellitus, and dyslipidemia (Model 2); and Model 2 + socioeco-
nomic status, area of residence, BMI, alcohol consumption, smok-
ing, regular exercise, fasting glucose, creatinine, and total choles-
terol (Model 3).

Results
Baseline characteristics

During the study period, 70,458 individuals with TB were iden-
tified from the NHIS database and included in the study (Figure 1).

Downloaded for Anonymous User (n/a) at Yonsei University College of Medicine from ClinicalKey.com by Elsevier on March
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



SJ. Lee, J. Kim, H. Pak et al.

Patients with ICD-10
diagnosis code for TB

International Journal of Infectious Diseases 164 (2026) 108337

N =518,396
Excluded:
Diagnosed before 2010
Without special claim code
Aged < 40 years
TB group 1:5 matching Matched control group
N = 158,550 Sex, age, income, region, index year N =1792,750
Participants with health check-up
within 2 years
and
applying cardio-cerebrovascular
disease washout period
TB group Control group
N =70,458 N =390,067
1:1 Propensity score matching
Sex, age, income, region, index year
Final TB group Final control group
N=70,458 N=70,458

Figure 1. Flow chart of study participants.

After 1:1 PSM among the 390,067 control individuals, a final con-
trol group of 70,458 participants was established. The characteris-
tics of both groups before and after PSM are presented in Table 1.
After PSM, the median follow-up duration for the TB and control
groups was 67.90 + 30.78 and 72.42 + 28.22 months, respectively.
The mean age was 61.30 + 12.58 years in the TB group and 61.13 +
12.37 years in the control group. In both groups, 57.1% of the pa-
tients were men. After PSM, the standardized differences showed
that both groups were balanced in terms of age, sex, income level,
and residential area.

Association between TB and the incidence of CVDs

During the follow-up period, 7535 participants were diagnosed
with CVDs (4127 in the TB group and 3408 in the control group).
The incidence rate of CVD in the TB group was 1035.24 per
100,000 person-years and 801.46 per 100,000 person-years in the
control group (Table 2). Multivariable Cox proportional hazard
analysis showed that TB was associated with a higher risk of over-
all CVDs (Model 3: aHR: 1.305, 95% CI: 1.244-1.370, P < 0.0001)
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than the controls. When the risk of CVDs was analyzed in specific
diseases, such as MI (aHR: 1.245, 95% CI: 1.134-1.367, P < 0.0001),
arrhythmia (aHR: 1.417, 95% CI: 1.294-1.551, P < 0.0001), heart fail-
ure (aHR: 1.666, 95% CI: 1.451-1.914, P < 0.0001), and CVA (aHR:
1.133, 95% CI: 1.040-1.234, P = 0.0043), TB still showed significant
associations in multivariable analyzes (Model 3, Figure 2). Cumula-
tive incidence curves also showed a significantly higher incidence
of CVDs in the TB group (overall CVD, P < 0.0001; MI, P < 0.0001;
arrhythmia, P < 0.0001; heart failure, P < 0.0001; CVA, P = 0.0011,
Gray'’s test) (Figure 3). The results of comparing variables, including
TB, by dividing the study population according to the presence or
absence of CVDs are shown in Table S3. The CVD group was older
and had higher BMI, fasting blood glucose, serum creatinine, and
total cholesterol levels than those without CVDs.

Subgroup 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
group, patients with TB showed a higher risk of CVD in the ad-

Downloaded for Anonymous User (n/a) at Yonsei University College of Medicine from ClinicalKey.com by Elsevier on March
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



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

Table 1
Baseline characteristics before and after propensity score matching in study population.
Before PSM After PSM
Tuberculosis Control Tuberculosis Control P Standardized
(N = 70,458) (N = 390,067) (N = 70,458) (N = 70,458) 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?® 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.
2 Inflammatory disease consisted of rheumatoid arthritis, Crohn’s disease, ulcerative colitis, ankylosing spondylitis, and psoriasis.

Incidence rate

(per 100,000 person-year)
Cardio-C disease HR (95% CI) P-value
tvpe Tuberculosis Control group

——i Overall Cardio-Cerebrovascular disease 1,035.24 801.46 1.305 (1.244 - 1.370) <.0001
—_— M1 281.47 224.80 1.245 (1.134 - 1.367) <0001
—— Arrhythmia 307.26 230.18 1417 (1.294-1.551) <0001
—_—— Heart failure 155.04 87.49 1,666 (1451 -1.914) <0001

e CVA 316.56 276.98 1133 (1.040-1.234)  0.0043

Figure 2. Forest plot for Cox proportional hazard model by specific cardio-cerebrovascular disease CVA, cerebrovascular accident; MI, myocardial infarction.
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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° Model 2° Model 3¢
Events IR (per 100,000  Events IR (per 100,000 HR (95% CI) P HR (95% CI) P HR (95% CI) P
person-year) person-year)

Overall cardio- 4127 1035.24 3408 801.46 1.345 <0.0001 1.315 <0.0001 1.305 <0.0001

cerebrovascular (1.285-1.407) (1.255-1.378) (1.244-1.370)

disease

MI (myocardial 1096 281.47 935 224.80 1.305 <0.0001 1.247 <0.0001 1.245 <0.0001

infarction, coronary (1.196-1.424) (1.139-1.364) (1.134-1.367)

revascularization)

Arrhythmia (atrial 1196 307.26 957 230.18 1.380 <0.0001 1.380 <0.0001 1.417 <0.0001

fibrillation, sick sinus (1.267-1.502) (1.264-1.506) (1.294-1.551)

syndrome,

atrioventricular block,

pacemaker

implantation)

Heart failure 601 155.04 362 87.49 1.853 <0.0001 1.727 <0.0001 1.666 <0.0001
(1.626-2.111) (1.509-1.976) (1.451-1.914)

CVA (ischemic stroke, 1234 316.56 1154 276.98 1.191 <0.0001 1.184 <0.0001 1.133 0.0043

intracranial (1.099-1.291) (1.090-1.285) (1.040-1.234)

hemorrhage)

CI, confidential interval; HR, hazard ratio; IR, incident rate.
2 Model 1, Adjusted for age and sex.

b Model 2, Adjusted for Model 1 + hypertension, diabetes mellitus, and dyslipidemia.

¢ Model 3, Adjusted for Model 2 + socioeconomic status, area of residence, BMI, alcohol consumption, smoking, regular exercise, fasting glucose, creatinine, and total

cholesterol.

justed models, except for those in the 40-49 years age group. Ad-
ditionally, the risk of CVD showed significant differences between
sexes and age groups (P-for interaction <0.0001).

Discussion

This study comprehensively investigated the association be-
tween CVDs and TB using a nationwide database. Our study
demonstrated that patients with TB had a higher overall incidence
of CVDs than those without TB. Furthermore, TB survivors had a
higher incidence of MI, arrhythmia, heart failure, and CVA than
those without TB, after adjusting for age, sex, lifestyle, and comor-
bidities.

The suggested mechanisms responsible for the association be-
tween TB and CVDs include direct effects on the myocardium and
coronary arteries, increased expression of pro-inflammatory cy-
tokines, monocyte/macrophage immune activation, CD4+ TH1 and
TH17 cell immune activation, and autoimmunity mediated by an-
tibodies against mycobacterial HSP65 [6]. Additionally, some stud-
ies suggest an association between antibiotic use and CVDs [13,14].
Proposed mechanisms for this association include antibiotic-
induced macrophage activation leading to lipid accumulation and
atherosclerosis, as well as alterations in the gut microbiota caused
by antibiotics, which may also contribute to atherosclerosis [14].
Notably, TB is presumed to cause chronic inflammation even af-
ter treatment, which may be attributed to the progression of arte-
riosclerosis, an essential mechanism in the development of CVDs
[15,16]. In addition, lung damage caused by TB often persists and
results in chronic lung diseases (such as COPD), which may also af-
fect the occurrence of CVD [17]. Post-TB sequelae have usually fo-
cused on the respiratory complications and the psychosocial mor-
bidities [18,19]. However, because CVD is the leading cause of
death, its association with CVD after TB deserves attention. In the
case of CVD, early detection is vital to prevent progression. Conse-
quently, our study suggests that patients with TB require continued
attention for CVD, even if their TB is successfully treated [20]. Usu-
ally, patient care ends with treatment completion, and the success-
ful completion of TB treatment might discourage patients from us-
ing medical services [5,21]. Therefore, periodic screening tests for
chronic diseases in patients should be considered even after treat-
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ment for TB. In this study, the association between CVD and TB
was significant in patients >50 years of age; therefore, paying at-
tention to early detection of CVD in patients of this age would be
helpful 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
with results from previous studies, which have also reported an
elevated risk of MI among TB survivors [7,22]. The magnitude of
the effect size in our study differed from that reported by Hua-
man et al. [7], but the study was performed in a population with
a higher prevalence of chronic diseases, such as hypertension and
chronic kidney disease, which results in a different risk profile for
developing acute MI. Additionally, similar to our study, Lee et al.
[22] used the NHIS database and suggested that TB survivors had
a higher risk of developing ischemic heart disease. However, their
study only excluded patients previously diagnosed with ischemic
heart disease. Therefore, unlike the present study population, pa-
tients with a history of heart failure or CVA may have been in-
cluded. Additionally, unlike the study by Lee et al., we matched
income quintiles when composing the matched controls for the TB
survivor group. Since low socioeconomic status is associated with
a higher incidence of TB but also a higher incidence of CVD, our
study could independently identify the impact of TB on CVD inci-
dence by matching income quintiles [23,24].

Among the CVDs, the aHR for heart failure tended to be higher
than those for other CVDs in our study. Pericardial involvement
in TB is relatively common, and cardiac involvement in TB can
lead to heart failure [25]. Nevertheless, the high aHR for heart
failure is unlikely to be explained solely by cardiac involvement
in TB. Furthermore, ischemic heart disease is a major causative
factor for heart failure [26]. Given the potential role of TB in
atherosclerosis and previous studies showing an association be-
tween atherosclerosis-mediated disease and TB, ischemic heart
failure may contribute to a higher aHR for heart failure [6,7]. Al-
though our study cannot demonstrate the mechanism of associa-
tion between TB and CVDs, to the best of our knowledge, this is
the first population-based study to suggest previously unempha-
sized adverse effects of TB associated with heart failure.

Our study has several strengths. First, by merging and analyz-
ing the NHIS-NHID and NHIS-HEALS data, we were able to com-

Downloaded for Anonymous User (n/a) at Yonsei University College of Medicine from ClinicalKey.com by Elsevier on March
13, 2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



SJ. Lee, J. Kim, H. Pak et al.

International Journal of Infectious Diseases 164 (2026) 108337

a b
Tuberculosis < No ~ Yes Tuberculosis ~— No ~ Yes
150%{ P <.0001 30%] P <.0001
5 5
3 100% 2 20%
3 o
2 2
s s
3 3
E 50% E1.0%
[§) [§)
0.0% 0.0%
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Time (Month) Time (Month)
Number at risk Number at risk
70458 69801 68543 67181 57886 48337 39423 30268 21559 13168 5315 67985 67512 66727 65782 56837 47607 38950 30016 21438 13133 5314
70458 67686 64700 62636 53427 44311 35064 27481 19380 11678 4650 67427 65425 63000 61314 52456 43630 35492 27203 19255 11633 4648
c d
Tuberculosis < No ~ Yes Tuberculosis < No ~+ Yes
3.0% P <.0001 200%1 P <.0001
£ £ 150%
2 20% :
(] (]
2 = 1.00%
] 5
= S
£1.0% E
o O 0.50%
0.0% 0.00%
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 9 108 120
Time (Month) Time (Month)
Number at risk Number at risk
68007 67532 66690 65742 56811 47587 38935 29995 21420 13122 5314 67412 66997 66305 65458 56594 47449 38848 29957 21391 13111 5313
67527 65360 62958 61276 52421 43601 35493 27206 19259 11632 4647 66932 64967 62663 61060 52266 43494 35416 27161 19231 11633 4649
€ Tuberculosis ~— No ~ Yes
4.0%
’| P=0.0011
€ 3.0%
3
-
@
o
2 20%
=]
£
-
O 1.0%
0.0%

0 12 24 36 48 60

Time (Month)

72 84 96 108 120

Number at risk

68204 67719 66866 65880 56922 47660 38970 30021 21432 13123 5313

67565 65509 63063 61359 52503 43657 35523 27244 19271 11646 4647

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.

pose a matched study population for income level and region of
residence and adjust for variables such as smoking and drinking.
Because socioeconomic status is associated with the incidence of
TB and CVD, and smoking and drinking are relatively common in
patients with TB and are risk factors for CVDs, our study was able
to analyze the independent effect of TB on CVD through an adjust-
ment process [23,24, 27-29]. Second, by conducting research tar-
geting overall CVDs rather than the risk for specific CVDs, such as
M, including arrhythmia and heart failure, not addressed by exist-
ing population-based studies, we were able to gain a deeper un-
derstanding of the impact of TB and calculate the risk for overall
CVDs in TB survivors. This study is the first population-based study
to suggest an association between TB, arrhythmia, and heart fail-

6

ure. Third, as patients with TB are given the RID code in Republic
of Korea, more accurate identification of patients with TB is pos-
sible than in other population-based studies with an operational
definition of TB, allowing this study to conduct a reliable and de-
tailed analysis. Fourth, using a nationwide database, we compared
the incidence rates of CVDs between the TB and control groups in
a large population. Fifth, through subgroup analysis of sex and age
groups, the contribution of TB to CVD occurrence could be com-
pared by group, serving as background data for healthcare policy.
However, this study has several limitations. First, to accurately
analyze the occurrence of CVD, long-term follow-up is necessary;
however, our study period might be insufficient to identify the oc-
currence of CVD. However, since the cumulative incidence curve
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showed a relatively constant upward trend in cumulative CVD
over time, similar results would be expected in studies with ex-
tended follow-up periods. Second, we adjusted for lifestyle habits
such as smoking, drinking, and regular exercise by merging the
health check-up data; however, we could not reflect changes in
the lifestyle habits of the participants during the study period.
Third, as this study was conducted using a nationwide database
in Republic of Korea, additional research is needed to determine
whether similar results will be shown for patients with differ-
ent lifestyles, ethnicities, and environments. Fourth, drug-resistant
TB may cause a more severe inflammatory response than drug-
susceptible TB, which could affect the risk of CVD [30]. Addition-
ally, the duration of antibiotic use may also influence CVD risk [14].
However, our study could not include these factors in the analysis.

Conclusion

In a nationwide population-based cohort study, we observed a
higher risk of CVDs in TB survivors than in age-, sex-, income-,
region-, and index-year-matched controls. Efforts for the preven-
tion and early detection of CVDs should be considered in TB sur-
vivors. Further studies are needed on this association and to pro-
vide detailed recommendations for preventive measures against
CVD in TB survivors.
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