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Abstract 
Background: Tuberculosis (TB) is a highly prevalent disease associated with significant morbidity and mortality globally and is reported to be as-
sociated with the onset of autoimmunity. This study investigated the association between TB and the incidence of systemic vasculitides (SV).
Methods: Data were obtained from the South Korean National Claims database to identify patients with TB and controls (who had undergone 
appendectomy). The overall occurrence of SV and disease subtypes during the observation period was compared between the two groups. 
Adjusted Cox proportional hazards regression and Kaplan–Meier analysis were performed to identify the relationship between TB and SV and to 
compare SV incidence.
Results: We identified 418 677 patients with TB and 160 289 controls. The overall SV incidence rate was 192/1 000 000 person-years during a 
mean follow-up of 7.5 years and was higher in patients with TB than controls. Cox regression revealed that the risk of SV was elevated in the TB 
group independently (adjusted hazard ratio [aHR]: 1.72, 95% confidence interval [CI]: 1.45–2.05). Furthermore, the risk of SV was significantly 
higher in extrapulmonary TB (aHR: 4.28, 95% CI: 3.52–5.21) when the TB group was categorized into pulmonary and extrapulmonary TB. The 
findings remained identical even after applying a stabilized inverse probability of treatment weighting analysis.
Conclusions: Patients with TB have an increased risk of SV, which is prominent in extrapulmonary TB. As well as confirming TB is associated 
with an increased incidence of immune-related vasculitis, our findings highlight the need for clinical vigilance for early diagnosis and initiation 
of treatment.
Keywords: tuberculosis, systemic vasculitides, risk, incidence, extrapulmonary tuberculosis. 

Introduction
Tuberculosis (TB) is an infectious disease that usually affects the 
lower respiratory tract and is primarily transmitted through the 
inhalation of respiratory droplets [1]. TB can be categorized 
into two forms: i) pulmonary disease that predominantly affects 
the lungs, and ii) extrapulmonary disease, involving infections 
in organs outside the lungs, of which pulmonary TB is more 

common [2]. According to a 2020 Global Tuberculosis Report, 
the estimated global incidence of TB was �10 million and 1.4 
million people having TB-related deaths, respectively, in 2019 
[3]. Although substantial efforts and progress have been made 
in the management of TB in recent years, it remains a major 
global health concern and is responsible for substantial morbid-
ity and mortality. After Mycobacterium tuberculosis infection, a 
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complex immune reaction occurs in the adaptive and innate im-
munity to facilitate the elimination of the infection [4–6]. 
Although this is an essential part of host immunity for the effi-
cient control of TB, excessive inflammation may arise, resulting 
in dysregulation of the immune system and the development of 
autoimmune diseases [7, 8].

Systemic vasculitides (SV) are a group of rare autoimmune 
disorders characterized by the development of sterile inflamma-
tion within the blood vessels [9]. SV can be classified according 
to the size of the affected vessels, organs involved, pathological 
features of the tissues, and the presence of associated etiologies 
[10]. In SV, an abnormal immune response promotes inflamma-
tion that damages vessel walls and leads to the disease manifes-
tations [11]. SV is a potentially life-threatening disorder, 
because suboptimal treatment leads to organ damage that is as-
sociated with increased morbidity and mortality [12]. Known 
risk factors for SV include genetic predisposition, environmental 
triggers including infection, and medications [13, 14]. As infec-
tions, including TB, can disrupt the immune system and pro-
mote systemic inflammation [15], it is possible that TB is 
associated with an increased risk of SV; however, such an asso-
ciation has not been established. The objective of this study was 
to evaluate the relationship between TB and SV by using data 
from a nationwide cohort of patients with TB.

Methods
Patient data source and operational definition of TB 
and controls
The data source was the Health Insurance Review and 
Assessment Service (HIRA) database of South Korea (data ac-
cess approval number: M20230414001), from 2009 to 2021. 
Information on patients who receive hospital care in either an 
outpatient or inpatient setting covered by the National 
Health Insurance (NHI) system is collected in the HIRA data-
base. As the majority of residents in South Korea (>50 mil-
lion people) are registered with the NHI and their healthcare 
utilization patterns are documented in the HIRA database, it 
is a valuable resource for epidemiological investigations [16]. 
Briefly, patient details, including the birth date of an individ-
ual, sex, insurance type, prescription of medications, disease- 
associated procedures, and diagnostic codes based on the 
10th revised version of the International Classification of 
Diseases (ICD-10), are accessible via the HIRA database.

For the TB group, we retrieved data of patients with the 
ICD-10 code for TB (A15-19) from the HIRA database for 
the calendar years 2009–2021. After selecting patients who 
were prescribed at least two first-line TB drugs (isoniazid, 
ethambutol, rifampin/rifampicin, and pyrazinamide) at initial 
diagnosis [17, 18], a one-year washout period was applied, 
and those with diagnostic codes for SV before the diagnosis 
of TB were excluded. The control group included patients 
who underwent appendectomy (procedural code of Q2860- 
2863) in 2010 or 2011 [19, 20]), excluding patients assigned 
the ICD-10 code for TB and at least two of first-line TB drugs 
between 2009 and 2021 and those with the diagnostic codes 
for SV before appendectomy (Supplementary Fig. S1, avail-
able at Rheumatology online). The selection of patients who 
had undergone appendectomy as a control group was be-
cause, in the HIRA database, only the healthcare utilization 
of a certain individual is recorded.

Follow-up started on the date of being diagnosed with TB 
and starting treatment with more than two first-line TB drugs 

or undergoing appendectomy (designated index date for each 
group) and ended on the date of diagnosis of SV, the end of 
2021, or to the date of death, whichever occurred first. The 
study was approved by the Institutional Review Board of 
Severance Hospital (IRB: 4–2023-0288) and adhered to the 
guidelines specified in the Declaration of Helsinki. Owing to 
the retrospective nature and use of de-identified patient data, 
the requirement for obtaining informed consent was waived.

Definition of systemic vasculitis, systemic vasculitis 
subgroups, and patient variables
The definition of SV and the ICD-10 codes included antineutro-
phil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) 
(M31.3, M31.7, M30.1), Takayasu arteritis (M31.4), giant cell 
arteritis (M31.6), polyarteritis nodosa (PAN) (M30.0), and 
Behçet disease (M35.2). In order to increase the accuracy of the 
diagnosis, only patients who were diagnosed with SV as inpa-
tients or who visited an outpatient department at least twice 
within one month were included as having the correspond-
ing disorder.

The patient variables collected included age, sex, insurance 
type at diagnosis of TB or appendectomy, and comorbidities of 
hypertension (HTN), diabetes mellitus (DM), dyslipidaemia, is-
chemic heart disease, heart failure, moderate/severe liver disease, 
and renal disease within one year of the index date. Patient 
comorbidities were investigated according to the ICD-10 codes 
assigned as: HTN: I10-15; DM: E10-14; dyslipidaemia: E78; is-
chemic heart disease: I20-25; heart failure: I50; moderate/severe 
liver disease: I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, 
K72.9, and K76.5–K76.7; and renal disease: N18, N19, I12.0, 
I13.1, N03.2–N03.7, N05.2–N05.7, N25.0, Z49.0–Z49.2, 
Z94.0, and Z99.2 [21–23]. In addition, information was col-
lected on whether TB was pulmonary (A15, A16, and A19) or 
extrapulmonary (A17 and A18) in patients with TB.

Statistical analysis
Continuous and categorical variables were reported as 
means ± standard deviations, and frequency with percen-
tages, respectively, and Student's t-tests and χ2 tests, respec-
tively, were used to compare groups. The incidence of SV was 
calculated and compared between patients with TB and con-
trols, and according to the time intervals by calculating the 
incidence rate per 1 000 000 person-years (IR/1 000 000 PY) 
and the incidence rate ratios (IRRs). In addition, variables as-
sociated with the occurrence of SV were evaluated using mul-
tivariable Cox proportional hazards regression, and testing 
of proportional hazard assumption was done by the 
Grambsch and Therneau test. In an alternative analysis, a 
Cox proportional hazard model was applied for the primary 
endpoint according to the augmented backward elimination 
algorithm proposed by Dunkler et al. [24]. As the first step, 
all potential prognostic variables were included in a step-wise 
backward elimination model using a likelihood-ratio test 
with a significance level of a> 0.2 for exclusion. In a second 
step, all primarily excluded variables were re-entered sepa-
rately and kept in the model in case of a change-in-estimate 
of >5% to identify relevant confounders. As a result, the fol-
lowing variables were included in the model 3: sex, insurance 
type, HTN, DM, dyslipidaemia, renal disease, and group (TB 
group vs control group) and model 4: sex, insurance type, 
dyslipidaemia, and group (extrapulmonary TB vs pulmonary 
TB vs control group). As for a sensitivity analysis, we also 
conducted a stabilized inverse probability of treatment 

TB-related vasculitides                                                                                                                                                                                                          1401 

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/64/3/1400/7632742 by Yonsei U
niversity M

edical C
ollege user on 25 M

arch 2025

https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keae185#supplementary-data


weighting (sIPTW) analysis to balance the differences in base-
line characteristics between the TB and control groups. The 
cumulative incidence of SV in patients with pulmonary and 
extrapulmonary TB and controls was compared using 
Kaplan–Meier analysis and the log-rank test with Bonferroni 
correction for multiple comparisons. All statistical analyses 
were performed using the SAS 9.4 Enterprise Guide (SAS 
Institute, Inc., Cary, NC, USA) and R 4.2.2 (R Foundation 
for Statistical Computing, Vienna, Austria), and two-tailed 
P values < 0.05 were considered statistically significant.

Results
Patient characteristics of patients with TB and 
controls and the incidence of systemic vasculitis
Of the 578 966 patients included in the study, 418 677 and 
160 289 were included in the TB and control groups, respec-
tively. The mean age of the patients was 50.0 years and 
56.2% were male, and the proportion of pulmonary TB was 
86.6% in the TB group. A comparison of the baseline charac-
teristics between the two groups revealed significant 

differences in the investigated variables. Notably, compared 
with the control group, patients with TB were older, more 
likely to be male, to have medical aid as the insurance type, 
and to have comorbidities (all p < 0.001) (Table 1).

During the mean follow-up of 7.5 years, the incidence rate of 
SV was 192/1 000 000 PY overalls; 237/1 000 000 PY in the TB 
group and 125/1 000 000 PY in the control group, and the IRR 
in the TB group compared with the control group was 1.90 
(95% CI: 1.63–2.22). Among disease subgroups, the risk of 
AAV (IRR: 7.35, 95% CI: 3.96–13.62), Takayasu arteritis 
(IRR: 3.61, 95% CI: 1.39–9.37), and Behçet disease (IRR: 1.58, 
95% CI: 1.33–1.88) were all significantly higher in the TB 
group than in the controls (Table 2).

Factors associated with the development of 
systemic vasculitis
The unadjusted Cox regression analysis found that age, female 
sex, underlying disease of dyslipidaemia, and TB were associ-
ated with an increased risk of SV. Both extrapulmonary and 
pulmonary TB were associated with a significantly increased 
risk of developing SV (Table 3). In addition, Kaplan-Meier 

Table 1. Baseline characteristics of the patients in the TB and control groups

Variables Total Patients with TB Controls P value
n ¼ 578,966 n ¼ 418,677 n ¼ 160,289

Age, years 49.99±22.27 56.19±20.07 33.78±19.36 <.001
Distribution of patient age

0–14 33505 (5.8) 3068 (0.7) 30437 (19.0) <.001
15–34 131187 (22.7) 72128 (17.2) 59059 (36.9)
35–54 158528 (27.4) 113481 (27.1) 45047 (28.1)
55–74 155086 (26.8) 134247 (32.1) 20839 (13.0)
≥75 100660 (17.4) 95753 (22.9) 4907 (3.1)

Sex, n (%)
Male 325259 (56.2) 241100 (57.6) 84159 (52.5) <.001
Female 253707 (43.8) 177577 (42.4) 76130 (47.5)

Insurance type, n (%)
National Health Insurance 535294 (92.5) 382950 (91.5) 152344 (95.0) <.001
Medical Aid 43672 (7.5) 35727 (8.5) 7945 (5.0)

Type of TB, n (%)
Extrapulmonary TB 56052 (13.4)
Pulmonary TB 362625 (86.6)

Underlying disease, n (%)
Hypertension 159809 (27.6) 141672 (33.8) 18137 (11.3) <.001
Diabetes mellitus 112887 (19.5) 103918 (24.8) 8969 (5.6) <.001
Dyslipidemia 154547 (26.7) 138079 (33.0) 16468 (10.3) <.001
Ischemic heart disease 46950 (8.1) 42296 (10.1) 4654 (2.9) <.001
Heart failure 22682 (3.9) 21723 (5.2) 959 (0.6) <.001
Moderate/severe liver disease 3386 (0.6) 2913 (0.7) 473 (0.3) <.001
Renal disease 14653 (2.5) 13867 (3.3) 786 (0.5) <.001

Data are presented as the mean (± standard deviation) or frequency (%).
TB: tuberculosis.

Table 2. Incidence rate of systemic vasculitides (per 1,000,000 person-years) among patients with TB and controls

Total 
n ¼ 578,966

Patients with TB 
n ¼ 418,677

Controls 
n ¼ 160,289

Crude IRR 
(95% CI)

P value

Overall SV 192 237 125 1.90 (1.63–2.22) <.001
Disease subgroups

ANCA-associated vasculitis 30 46 6 7.35 (3.96–13.62) <.001
Takyasu arteritis 7 10 3 3.61 (1.39–9.37) 0.008
Giant cell arteritis 5 5 5 1.00 (0.41–2.45) 0.997
Polyarteritis nodosa 6 7 4 1.62 (0.67–3.91) 0.281
Behçet disease 144 169 107 1.58 (1.33–1.88) <.001

ANCA: anti-neutrophil cytoplasmic antibody, IRR: incidence rate ratio, SV: systemic vasculitides, TB: tuberculosis.
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analysis revealed that patients with extrapulmonary TB had 
the greatest risk of SV, which did not differ significantly be-
tween the pulmonary TB group and controls (extrapulmonary 
TB vs pulmonary TB: p < 0.001, extrapulmonary TB vs 
controls: p < 0.001, and pulmonary TB vs controls: p ¼
0.683) (Figure 1A).

After adjustment for variables that were shown to be sig-
nificant in the unadjusted analysis, female sex (adjusted haz-
ard ratio [aHR]: 1.53, 95% CI: 1.33–1.75), dyslipidaemia 
(aHR: 1.39, 95% CI: 1.16–1.67), and TB (aHR: 1.72, 95% 
CI: 1.45–2.05) were associated with SV in model 1 in which 
patients were categorized into TB and control groups. 
Furthermore, in model 2 in which patients were categorized 
into extrapulmonary TB, pulmonary TB, and control groups, 
patients with extrapulmonary TB (aHR: 4.28, 95% CI: 3.52– 
5.21), but not pulmonary TB (aHR: 1.19, 95% CI: 0.99– 
1.43) had an increased risk of developing SV compared with 
controls. Selection of variables according to the augmented 
backward elimination algorithm yielded consistent results, in 
which TB (aHR: 1.68, 95% CI: 1.43–1.97) (model 3) and 
extrapulmonary TB (aHR: 4.27, 95% CI: 3.53–5.16) (model 
4) were associated with incident SV. These findings were 
demonstrated identically even when patients with TB having 
the index date between 2010–2011 were only selected 
(Supplementary Table S1, available at Rheumatology online).

In a subgroup analysis, AAV showed a significant associa-
tion with TB (aHR: 4.73, 95% CI: 2.47–9.08) in model 1, 
and for both extrapulmonary (aHR: 4.74, 95% CI: 2.45– 
9.15) and pulmonary (aHR: 4.70, 95% CI: 2.16–10.26) TB 
in model 2. Similarly, while it was shown that TB increased 
the risk of Behçet disease in model 1, only extrapulmonary 

TB (aHR: 4.60, 95% CI: 3.72–5.68), but not pulmonary TB, 
was statistically significant in model 2 (Supplementary Tables 
S2 and S3, available at Rheumatology online).

Risk of systemic vasculitis according to time since 
the index date and sensitivity analysis using 
stabilized inverse probability of 
treatment weighting
To evaluate whether there is a difference in SV incidence 
according to the time since the index date, the time to onset 
of SV was categorized as:< 3 months, 3 to < 9 months, 9 to 
< 15 months, and ≥15 months. Compared with ≥ 15 months, 
the incidence rate of SV was significantly higher in the <
3 months, 3 to < 9 months, and 9 to < 15 months intervals, 
and was the highest in the < 3 months interval (age and sex- 
adjusted IRR: 4.63, 95% CI: 3.73–5.76) (Table 4).

Given the considerable differences in patient characteristics 
in the TB and control groups, we performed an sIPTW analy-
sis to minimize confounding due to differences in patient 
characteristics between groups. In the weighted analysis, the 
standardized mean difference (SMD) of the baseline variables 
was < 0.1 for all variables, indicating that the groups were 
balanced after sIPTW (Table 5). After sIPTW, the Kaplan- 
Meier analysis revealed that the risk of SV was higher in the 
extrapulmonary TB group than in the pulmonary TB and 
control groups (extrapulmonary TB vs pulmonary TB: p <
0.001, extrapulmonary TB vs controls: p < 0.001, and pul-
monary TB vs controls: p ¼ 0.437) (Figure 1B).

Figure 1. Cumulative incidence of systemic vasculitides in patients with pulmonary and extrapulmonary TB and the control group. Patients with 
extrapulmonary TB had the highest incidence of SV compared with patients with pulmonary TB and controls, and patients with pulmonary TB had 
comparable incidence of SV with the control group. Kaplan-Meier analysis showing the cumulative incidence of SV (A) before and (B) after sIPTW 

Table 4. Comparison of incidence rates of systemic vasculitides according to the elapsed time after the index date

Total

Elapsed time for SV diagnosis  
after index date

Number of patients IR/1 000 000 PY (95% CI) Crude IRR (95% CI) Age and sex-adjusted IRR (95% CI)

SV < 3 months 96 687 (558–833) 4.66 (3.75–5.79) 4.63 (3.73–5.76)
3 months ≤ SV <9 months 114 420 (348–502) 2.66 (2.18–3.26) 2.64 (2.16–3.24)
9 months ≤ SV < 15 months 77 292 (232–362) 1.74 (1.37–2.21) 1.72 (1.36–2.19)
SV ≥ 15 months 547 149 (137–162) 1.00 (ref) 1.00 (ref)

IR: incidence rate; IRR: incidence rate ratio; PY: person-year; SV: systemic vasculitides.
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Discussion
Traditionally reported risk factors for TB include increased 
age, poverty, exposure to Mycobacterium tuberculosis after 
contact with patients with active disease, illicit drug use, alco-
hol use, and an immunocompromised state [25]. Notably, the 
advent of an aging society, a widening gap in social disparity, 
an increased number of immunocompromised individuals 
within the general population, and the spread of drug- 
resistant TB, have made TB difficult to control in recent deca-
des [26]. Although South Korea has recently made substantial 
progress in reducing the incidence of TB, it continues to be an 
important public health problem as it is still prevalent in the 
general population and poses a significant risk to vulnerable 
populations [27]. In this study, we aimed to establish whether 
TB is associated with the subsequent diagnosis of SV. 
Patients with TB had a higher incidence rate of SV than the 
control group, which was consistent across the subgroups of 
AAV, Takayasu arteritis, and Behçet disease. Intriguingly, 
patients with extrapulmonary TB had a higher incidence rate 
of SV than the pulmonary TB group, which remained identi-
cal in the sIPTW analysis. Taken together, these findings sug-
gest that patients with TB have an increased risk of 
developing SV and underscore the need for greater clini-
cal attention.

In this study, the increased incidence of SV following the 
diagnosis of TB can be attributed to several potential immu-
nological factors. First, in SV, neutrophils and macrophages 
play crucial roles in disease pathogenesis as they release in-
flammatory mediators and reactive oxygen species to expe-
dite injury to blood vessel walls and compromise vascular 
integrity [28, 29]. In addition, the pathogenic expansion of T 
cells observed in SV, characterized by an increase in the 
helper T 1 and 17 subsets and a decrease in the number of 
regulatory T cells, is thought to contribute to sustaining vas-
cular inflammation [30]. A complex immune response involv-
ing both innate and adaptive immune components has been 
described in patients with TB [31]. Failure to restore immune 
homeostasis after TB could lead to paradoxical immune reac-
tions, potentiate immune dysregulation, and influence the de-
velopment of SV. Next, the molecular mimicry between TB 
and proteins in the blood vessels, either at a molecular or 
structural level, could provoke an abnormal immune re-
sponse [32]. The cross-reactive immune response induced by 
the structural similarity between pathogenic antigens and 
host vascular proteins is thought to cause autoimmune 
responses targeting vascular tissues and inadvertently pro-
motes the development of vasculitis. Finally, a chronic in-
flammatory state triggered by TB could contribute to the 
development of altered immunity owing to the loss of im-
mune tolerance, persistent activation of autoreactive immune 
cells, and overproduction of pro-inflammatory cytokines [33, 
34]. Therefore, the collective effect of TB on the immune 
system may increase susceptibility to SV. Further research is 
required to elucidate the relevant molecular pathways and ge-
netic factors in TB leading to the development of SV.

Epidemiologic studies indicate SV is an uncommon disor-
der showing a wide disparity in its incidence according to in-
vestigated geographic regions and ethnic groups [35]. Of 
note, we observed that the incidence of AAV and Takayasu 
arteritis appeared to be similar to the numbers reported in 
our previous investigations [36, 37], even though the inci-
dence of Behçet disease was lower [38]. On the other hand, 

we found that the incidence of AAV and giant cell arteritis 
was lower than the reports from Europe and the USA, while 
Behçet disease and Takayasu arteritis were more common, 
and were similar for PAN [39, 40]. In the meantime, although 
consistent results were found even when patients with TB 
with the index date of 2010–2011 were used to compare the 
risk of SV with controls, the decreasing global incidence of 
TB, as well as changes in the epidemiology of SV (especially 
for the decrease of PAN and increase of AAV [41–43]) in the 
recent years should be also taken into account when inter-
preting our findings. Finally, given that differences in the 
methods to define SV could also lead to discrepant results, it 
is apparent that additional research is mandated to better un-
derstand the epidemiology of SV.

A comparison of the incidence of SV in patients with TB 
and controls revealed that the IR was 1.90 times higher in the 
TB group. Notably, a subset analysis of SV demonstrated 
that this risk was consistent for AAV, Takayasu arteritis, and 
Behçet disease. The IRR of AAV was particularly high fol-
lowing TB diagnosis, whereas the incidence of giant cell arter-
itis and PAN was comparable between the TB group and 
control group, suggesting that the association between TB 
and SV could differ according to the specific SV subtype, 
even though the pathophysiological mechanism by which TB 
may differentially predispose to different SV subtypes could 
not be delineated in this study. This indicates that the possi-
bility of SV should be considered and a thorough evaluation 
should be conducted if patients with TB develop signs and 
symptoms suggestive of SV. In addition, when the incidence 
rate of SV was calculated according to the time since TB diag-
nosis, it was observed that the risk of SV was highest in the 
first 3 months after TB diagnosis. Taken together, these find-
ings highlight a need for greater vigilance for SV following 
TB diagnosis, which could potentially contribute to early SV 
diagnosis and early initiation of treatment potentially result-
ing in better clinical outcomes. However, compared with the 
Cox analysis, there was a restraint that only adjustment with 
age and sex could be done in elucidating the time-dependent 
difference of SV incidence after TB.

Clinically, TB can be classified into pulmonary and extrap-
ulmonary subtypes, and extrapulmonary TB accounts for 
�15–20% of TB cases [44]. Consistent with this finding, our 
analysis indicated that the proportion of patients with pulmo-
nary TB was 86.6%, which was much higher than that of 
patients with extrapulmonary TB. Interestingly, our results 
showed that patients with extrapulmonary TB had the high-
est risk of SV, with a significantly elevated cumulative inci-
dence, even when compared with those with pulmonary TB. 
The unusually high rate of SV in patients with extrapulmo-
nary TB, highlights the need for greater awareness, and might 
be related to the distinct mechanisms of infection transmis-
sion in pulmonary and extrapulmonary TB. Whereas pulmo-
nary TB is generally transmitted via the respiratory tract, 
extrapulmonary TB is disseminated by a lymphatic or hema-
togenous spread [45]. Therefore, the higher bacterial burden 
of TB within the circulatory system may lead to a greater like-
lihood of inducing unexpected immunological responses and 
triggering the development of autoimmunity within the 
vasculature.

Although this nationwide analysis included a large number 
of patients with TB and controls, this study also has some 
limitations. First, because this study had a retrospective de-
sign, the effects and duration of TB treatment and the 
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incidence of SV could not be estimated. Second, the variables 
investigated comprised baseline patient data at the time of TB 
diagnosis or surgery for appendectomy, so we were unable to 
assess changes in the covariates that might have influenced 
the onset of SV. Third, information on occupational factors, 
alcohol consumption, smoking habits, and individual labora-
tory test results were not recorded in the HIRA database and 
were thus unavailable. Fourth, since the usage of healthcare 
resources of an individual is only reported in the HIRA data-
base, information on healthy controls was not available and 
a direct comparison of SV incidence could not be done with 
patients with TB. Fifth, as there is no gold standard to define 
SV in epidemiologic investigations, the incidence and out-
comes could be affected when different criteria to identify SV 
are applied. Sixth, looking into the association between other 
variables and SV (beyond TB and SV) may not be methodo-
logically ideal, as the main objective of this investigation was 
to elucidate the relationship between TB and SV. Further re-
search is warranted to confirm that the incidence of SV is in-
creased in patients with TB, which will expedite the 
development of effective diagnostic and therapeu-
tic strategies.

In summary, this study found that the risk of developing 
SV is increased after a TB diagnosis, particularly among 
patients with extrapulmonary TB. In addition to identifying 
an association between TB and autoimmune disorders in a 
clinical setting, our findings have practical significance as 
they could facilitate early detection and management of SV 
among patients with TB.
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