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Background. When assessing long-term tuberculosis (TB) mortality, few studies addressed the impact of behavior habits and 
socioeconomic status. Therefore, we aimed to evaluate long-term TB mortality and risk factors while accounting for potential 
confounders.

Methods. This cohort study included TB survivors (n= 82 098) aged ≥20 years between 2010 and 2017, and 1:1 age- and sex- 
matched controls (n= 82 098). The participants were followed up for death 1 year after study enrollment until December 2018. 
Long-term mortality was adjusted for behavior habits (smoking, alcohol consumption, or exercise), income level, body mass 
index (BMI), and comorbidities.

Results. During a median of 3.7 years of follow-up, the incidence rate of mortality was significantly higher in TB survivors than 
those in the matched controls (18.2 vs. 8.8 per 1000 person-years, P , .001). Even after adjusting for potential confounders, the 
mortality risk was 1.62-fold (95% confidence interval [CI], 1.54–1.70) higher in TB survivors than those in the matched 
controls. In addition, the hazard of mortality in TB survivors relative to matched controls significantly increased in participants 
aged ≥30 years, with the highest risk in those in their 40s. Male sex (adjusted hazard ratio [HR]: 2.31; 95% CI, 2.16–2.47), 
smoking pack-years (HR: 1.005; 95% CI, 1.004–1.006), heavy alcohol consumption (HR: 1.12; 95% CI, 1.01–1.23), and lowest 
income (HR: 1.27; 95% CI, 1.18–1.37) were positively associated with increased hazards for mortality, whereas higher BMI (HR: 
0.91; 95% CI, .90–.92) and regular exercise (HR: 0.82; 95% CI, .76–.88) reduced the hazards of long-term mortality in TB survivors.

Conclusions. The long-term mortality risk was significantly higher in TB survivors than those in the matched controls, even 
after adjusting for potential confounders.
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The global disease burden of tuberculosis (TB) is substantial, 
with an estimated 1.5 million deaths caused by TB in 2020 [1], 
and the impact of TB-related mortality on economic and health 
losses is expected to be increasing [2]. Whlie the World Health 
Organization mortality data estimate the number of people with 
TB who die before starting or during TB treatment irrespective 
of the cause of death in the given year, recent studies have shown 

that patients with TB also have higher long-term posttreatment 
mortality compared with the general population or age- and sex- 
matched group [3–9].

Potential confounders associated with survival should be ac-
counted for when evaluating the risk of long-term mortality in 
TB survivors. Previous studies used standardized mortality ra-
tio to account for confoundings [3, 4]; however, other factors 
such as unhealthy health behaviors (smoking habits, heavy al-
cohol consumption, or sedentary lifestyle), poor comorbid 
health status (poor nutritional status or comorbidities), and 
lower socioeconomic status [10–20] are worth being consid-
ered. Furthermore, we also need to consider comorbidities 
meticulously when evaluating long-term TB mortality. For ex-
ample, chronic obstructive pulmonary disease (COPD) is more 
common in TB survivors than those in the general population 
and is associated with increased mortality [21, 22].

Hence, this study aimed to evaluate the long-term mortality 
of TB survivors using a population-based cohort with informa-
tion on potential confounders, such as nutritional status, life-
style habits, and comorbidities. Fortunately, South Korea has 
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an advantage in evaluating this issue because the prevalence of 
TB is relatively high despite its high income [23], and it has a 
nationwide health screening database that contains informa-
tion on these potential confounders [24].

METHODS

Data Source and Study Setting

The National Health Insurance Service (NHIS) is a mandatory 
universal public health insurance system that covers approximate-
ly 97% of the Korean population and provides medical aid to 3% of 
the lowest income bracket. The NHIS database contains a com-
prehensive health database consisting of the following: (1) a qual-
ification database containing information on age, sex, income, 
region, and eligibility type; (2) a claim database providing general 
information on specifications and statements on diagnosis de-
fined by the International Classification of Disease 10th revision 
(ICD-10), consultation, and prescription; (3) a health screening 
database; and (4) death information [25, 26].

The health screening database includes data from annual or 
biennial health screening examination programs for all adults 
provided free of charge by the Ministry of Health and 
Welfare. From 2009, the health screening examination includ-
ed the following: anthropometric measurement including body 
mass index (BMI); questionnaires regarding smoking, alcohol 
consumption, and physical activity; blood tests such as lipid 
levels; and chest radiographs. The current participation rate 
in health screening examinations is 70%–80%, making it repre-
sentative of the population. In addition, the Korean govern-
ment provides anonymized health examination data to 
researchers for research purposes [27].

Study Population

To establish TB survivors, among 231 984 patients diagnosed 
and treated for TB for the first time between 2010 and 2017, 
we excluded patients with multidrug-resistant TB or 
those who were treated for less than 6 months (n = 26 928) 
[28]. Of the 205 056 identified TB survivors, this study initially 
included 95 294 TB survivors who underwent health screen-
ing within 2 years before the date of TB diagnosis. After 
excluding 854 individuals with missing information, 
1456 who died within 1 year after TB diagnosis, and 87 
aged , 20 years, 92 897 TB survivors remained. The missing 
information indicates missing 1 of the variables, including 
age, sex, BMI, smoking status, alcohol consumption, physi-
cal activity, income, residential area, systolic and diastolic 
blood pressure, fasting blood glucose, and total cholesterol. 
Of the 92 897 TB survivors, 82 098 were eligible for 1:1 age 
and sex matching (Figure 1).

To establish a control group, we initially evaluated the ini-
tial control pool (1 021 856 individuals who were approxi-
mately 1:5 matched to 205 056 TB survivors based on age 

and sex), which was provided by the NHIS for research pur-
poses. Of the 1 021 856 individuals, 418 880 underwent health 
screening in the same year when matched TB survivors re-
ceived health screening. After excluding 6195 individuals 
with missing information on health screening data, 2185 
who died within 1 year after enrollment and 269 aged , 20 
years, 410 231 controls remained. Of the 410 231 controls, 
82 098 were eligible for 1:1 age and sex matching for TB sur-
vivors. The ages of study participants at the time of health 
screening were calculated by subtracting their birth date 
from the health screening date, and then the ages were 
changed to integers. Thereafter, the ages were exactly matched 
between TB survivors and controls (Figure 1).

This study was approved by the institutional review board of 
Hallym University Kangnam Sacred Heart Hospital (applica-
tion no. 2021-12-011). The review board waived the require-
ment for written informed consent because the data were 
public and anonymized under confidentiality guidelines.

Main Exposure

The primary exposure was TB, and the inclusion criteria were 
defined as follows: (1) patients with at least 2 healthcare uses, in-
cluding outpatient department visits, emergency department 
visits, or hospitalizations, with ICD-10 codes for TB (A15-19) 
and the specific NHIS codes for TB (V206, V246, and 
V000) and (2) patients who were prescribed 2 or more of 
the following anti-TB drugs for at least 90 days: rifampin, iso-
niazid, ethambutol, pyrazinamide, cycloserine, and para- 
aminosalicylate [29]. In Korea, to reduce the burden of TB 
on the nation, the specific NHIS codes for active TB are auto-
matically applied to patients after the diagnosis of active TB, 
independent of the ICD-10 codes. Furthermore, additional 
insurance is covered for all patients with active TB (the co-
payment by patients is 0%–10% of total costs, whereas it is 
20%–30% for other common diseases). Hence, the validity 
of the specific NHIS codes for active TB is strictly reviewed 
by the health insurance review and assessment service [24]. 
Additionally, TB survivors were defined as those who 
survived at least 1 year after the date of TB diagnosis.

TB was classified into 4 groups according to the type of TB 
using the ICD-10 codes: (1) pulmonary TB (A15 or A16 with-
out any of A17, A18, and A19); (2) extrapulmonary TB (A17 or 
A18 without any of A15 and A16); (3) pulmonary and extrap-
ulmonary TB (presence of A15 or A16 plus either A17 or A18); 
and (4) miliary or disseminated TB (A19 regardless of the pres-
ence of A15–A18).

Study Outcomes

The primary endpoint was to compare the long-term mortality 
risk in TB survivors versus matched controls, defined as death at 
least 1 year after TB diagnosis. We also aimed to identify the risk 
factors associated with long-term mortality in TB survivors.
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Covariates

To determine the socioeconomic status, we used residence 
(metropolitan vs. other areas) and income level of five quintiles. 
Smoking status was classified as never, ex-, or current smoker. 
In ex- and current smokers, the cumulative smoking exposure 
was also evaluated as pack-years by multiplying the average cig-
arette consumption per day (packs) and the smoking period 
(years) [30]. Alcohol consumption was classified as never, 
mild to moderate (, 30 g of alcohol/d), and heavy drinkers 
(≥ 30 g of alcohol/d). Regular exercise was defined as≥
30 minutes of moderate physical activity≥ 5 times per week, 
or≥ 20 minutes of vigorous physical activity≥ 3 times per 
week [31]. BMI was calculated as weight in kilograms divided 
by square of height in meters and categorized into 4 groups 
as recommended for Asians: (1) , 18.5 kg/m2 (underweight); 
(2) 18.5–22.9 kg/m2 (normal); (3) 23.0–24.9 kg/m2 (over-
weight); and (4)≥ 25.0 kg/m2 (obesity) [32]. The overall co-
morbidity load was evaluated using the Charlson 
Comorbidity Index (CCI) [33]. The presence of each comor-
bidity was also assessed, which included hypertension, diabetes 
mellitus, dyslipidemia, asthma, COPD, bronchiectasis, ische-
mic heart disease, myocardial infarction, congestive heart fail-
ure, stroke, dementia, solid cancer, hematologic malignancy, 
and chronic kidney disease/end-stage renal disease.

Statistical Analysis

The baseline characteristics of TB survivors were compared 
with matched controls using a 2-tailed Student t test for contin-
uous variables and a χ2 test for categorical variables. The 

incidence rate of death was calculated by dividing the number 
of incident cases by the total follow-up duration (1000 person- 
years). A cumulative incidence plot was used to compare the in-
cidence of death between TB survivors and matched controls, 
and a log-rank test was used to evaluate significant differences 
between the 2 groups. Cox proportional hazards models were 
used to evaluate the hazard of long-term mortality in TB survi-
vors and to explore the related factors. When analyzing the haz-
ard of mortality relative to matched controls, demographic 
characteristics (age, sex, and BMI), life habits potentially affect-
ing mortality (smoking pack-years, alcohol consumption, and 
regular exercise), and socioeconomic status (income level and 
residential area) were adjusted in model 1; CCI plus variables 
included in model 1 were adjusted in model 2; and all comor-
bidities instead of CCI plus variables included in model 1 were 
adjusted in model 3. When analyzing risk factors for long-term 
mortality in TB survivors, the previously mentioned models 2 
and 3 were used for multivariable analyses.

To validate the multivariable Cox regression model for mor-
tality, sensitivity analysis using propensity score matching was 
also performed. The propensity score matching included 85 
635 TB survivors and 85 635 controls, matched based on demo-
graphic characteristics, life habits, socioeconomic status, and 
comorbidity profiles (Supplementary Table 1). Standardized 
mean difference . 0.1 was considered a sign of imbalance for 
propensity matching. In addition, we performed a sensitivity 
analysis using Cox proportional hazards models for pre-
matched individuals (92 897 TB survivors and 410 231 con-
trols) (Supplementary Table 2). In the 2 sensitivity analyses, 

Figure 1. Flow chart of the study population. Abbreviations: MDR, multidrug resistant; TB, tuberculosis; Tx, treatment.
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the multivariable models adjusted the same variables used in 
Cox proportional hazards models for TB survivors and 1:1 
age- and sex-matched controls. Statistical analyses were per-
formed using Statistical Analysis System (SAS) version 9.4 
(SAS Institute Inc., Cary, NC, USA), and P values , .05 were 
considered statistically significant.

RESULTS

Baseline Characteristics

The baseline characteristics of TB survivors and matched con-
trols are summarized in Table 1. The mean age at TB diagnosis 
was 56.1 years, 56.9% were men, and the mean BMI was lower 
in the TB survivors than those in the matched controls. The 
proportions of current smokers (26.5% vs. 20.8%), heavy drink-
ers (9.3% vs. 6.7%), and those who did not exercise regularly 
(82.8% vs. 79.3%) were higher in TB survivors than those in 
the matched controls. The proportions of the lowest income 
quintile (18.6% vs. 17.4%) and metropolitan residents (44.4% 
vs. 42.9%) were also higher in the TB survivors than those in 
the matched controls. All comorbidities except hypertension 
were more frequent in TB survivors than those in the matched 
controls. Additionally, TB survivors showed higher CCI than 
those in the matched controls (mean + standard deviation 
[SD], 2.3 + 2.0 vs. 1.3 + 1.6).

Incidence Rate and Risk of Mortality in TB Survivors Versus Matched 
Controls

During a median 3.7 (interquartile range, 1.8–5.6) years of 
follow-up duration, the incidence rate of long-term mortality 
was significantly higher in the TB survivors than those in the 
matched controls (18.2 vs. 8.8 per 1000 person-years, P , 

.001) (Table 2). In line with this result, there was a significant 
difference in cumulative incidence probability of mortality be-
tween TB survivors and matched controls (log-rank P , .001) 
(Figure 2). The risk of mortality was 1.62-fold (95% confidence 
interval [CI], 1.54–1.70) higher in the TB survivors than those 
in the matched controls. Furthermore, the risk of mortality 
in the TB survivors relative to matched controls significantly 
increased in those aged≥ 30 years, with the highest risk in 
those in their 40 s (adjusted hazard ratio [HR]: 2.80; 95% 

Table 1. Baseline Characteristics of the Study Participants

Total  
(N= 164 196)

Matched Controls  
(n=82 098)

TB Survivors  
(n= 82 098)

Age, y 56.1 + 15.4 56.1 + 15.4 56.1 + 15.4

20–29 8656 (5.3) 4328 (5.3) 4328 (5.3)

30–39 18 178 (11.1) 9089 (11.1) 9089 (11.1)

40–49 29 274 (17.8) 14 637 (17.8) 14 637 (17.8)

50–59 36 260 (22.1) 18 130 (22.1) 18 130 (22.1)

60–69 32 428 (19.8) 16 214 (19.8) 16 214 (19.8)

70–79 32 192 (19.6) 16 096 (19.6) 16 096 (19.6)

≥ 80 7208 (4.4) 3604 (4.4) 3604 (4.4)

Sex

Male 93 510 (56.9) 46 755 (56.9) 46 755 (56.9)

Female 70 686 (43.1) 35 343 (43.1) 35 343 (43.1)

BMI, kg/m2 23.0 + 3.3 23.9 + 3.2 22.2 + 3.1

,18.5 11 063 (6.7) 2820 (3.4) 8243 (10.0)

18–22.9 73 115 (44.5) 30 091 (36.7) 43 024 (52.4)

23–24.9 37 205 (22.7) 20 825 (25.4) 16 380 (20.0)

≥25 42 813 (26.1) 28 362 (34.5) 14 451 (17.6)

Smoking status

Never smoker 96 576 (58.8) 49 570 (60.4) 47 006 (57.3)

Ex-smoker 28 701 (17.5) 15 417 (18.8) 13 284 (16.2)

Current smoker 38 919 (23.7) 17 111 (20.8) 21 808 (26.5)

Smoking pack-years 8.0 + 14.3 7.2 + 13.1 8.9 + 15.3

Alcohol consumption

None 92 907 (56.6) 45 969 (55.9) 46 938 (57.2)

Mild 58 157 (35.4) 30 667 (37.4) 27 490 (33.5)

Heavy 13 132 (8.0) 5462 (6.7) 7670 (9.3)

Regular exercise

No 133 129 (81.1) 65 115 (79.3) 68 014 (82.8)

Yes 31 067 (18.9) 16 983 (20.7) 14 084 (17.2)

Income

Quintile 1 (lowest) 29 485 (18.0) 14 253 (17.4) 15 232 (18.6)

Quintile 2 24 242 (14.8) 11 313 (13.8) 12 929 (15.8)

Quintile 3 28 951 (17.6) 13 733 (16.7) 15 218 (18.5)

Quintile 4 35 808 (21.8) 17 867 (21.8) 17 941 (21.9)

Quintile 5 45 710 (27.8) 24 932 (30.3) 20 778 (25.2)

Residential area

Metropolitan 71 648 (43.6) 35 204 (42.9) 36 444 (44.4)

Other area 92 548 (56.4) 46 894 (57.1) 45 654 (55.6)

Comorbidities

Diabetes mellitus 30 568 (18.6) 12 841 (15.6) 17 727 (21.6)

Hypertension 52 432 (31.9) 26 875 (32.7) 25 557 (31.1)

Dyslipidemia 48 138 (29.3) 22 590 (27.5) 25 548 (31.1)

Respiratory disease

Asthma 28 236 (17.2) 8563 (10.4) 19 673 (24.0)

COPD 25 468 (15.5) 6077 (7.4) 19 391 (23.6)

Bronchiectasis 5133 (3.1) 456 (0.6) 4677 (5.7)

Cardiovascular disease

Ischemic heart disease 13 154 (8.0) 5945 (7.2) 7209 (8.8)

Myocardial infarction 1054 (0.6) 413 (0.5) 641 (0.8)

Congestive heart failure 3994 (2.4) 1421 (1.7) 2573 (3.1)

Stroke 1260 (0.8) 456 (0.6) 804 (1.0)

CKD or ESRD 11 878 (7.2) 5678 (6.9) 6200 (7.6)

Malignancy

Sold cancer 6962 (4.2) 2437 (3.0) 4525 (5.5)

Hematologic malignancy 237 (0.1) 56 (0.1) 181 (0.2)

Dementia 2111 (1.3) 996 (1.2) 1115 (1.4)

Charlson Comorbidity Index 1.8 + 1.9 1.3 + 1.6 2.3 + 2.0

0 51 384 (31.3) 34 964 (42.6) 16 420 (20.0)

1 37 292 (22.7) 18 797 (22.9) 18 495 (22.5)

Table 1. Continued  

Total  
(N=164 196)

Matched Controls  
(n= 82 098)

TB Survivors  
(n= 82 098)

2 28 048 (17.1) 12 292 (15.0) 15 756 (19.2)

≥3 47 472 (28.9) 16 045 (19.5) 31 427 (38.3)

Data are presented as number (%) and mean + standard deviation.  

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary 
disease; CKD, chronic kidney disease; ESRD, end-stage renal disease; TB, 
tuberculosis.
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CI, 2.09–3.76) (Table 2). Additionally, the propensity score- 
matching analysis also depicted a higher mortality risk in TB 
survivors than those in the matched controls (adjusted HR: 
1.40; 95% CI, 1.34–1.46) (Supplementary Tables 1 and 2).

Regardless of sex, BMI group, smoking status, alcohol con-
sumption, regular exercise, residential area, income level, and 
CCI category, the hazard of mortality was significantly higher 
in the TB survivors than those in the matched controls 
(Table 2 and Figure 3).

Type of TB and Hazard of Mortality

The relationship between the type of TB and hazard of long- 
term mortality in TB survivors versus the matched controls 
are summarized in Figure 4. The hazard of long-term mortality 
in the TB survivors relative to the matched controls was the 
highest in individuals who had miliary or disseminated TB (ad-
justed HR: 1.66; 95% CI, 1.29–2.13), followed by those with pul-
monary TB only (adjusted HR: 1.65; 95% CI, 1.57–1.74), those 
with extrapulmonary TB only (adjusted HR: 1.35; 95% CI, 
1.21–1.51), and those with pulmonary and extrapulmonary 
TB (adjusted HR: 1.31; 95% CI, 1.03–1.65).

Risk Factors Associated With Long-term Mortality Among TB Survivors

Table 3 summarizes the risk factors for mortality in TB survi-
vors. Male sex (adjusted HR in model 3: 2.31; 95% CI, 2.16– 
2.47), smoking pack-years (adjusted HR in model 3: 1.005; 
95% CI, 1.004–1.006), heavy alcohol consumption (adjusted 
HR in model 3: 1.12; 95% CI, 1.01–1.23), lowest income (ad-
justed HR in model 3: 1.27; 95% CI, 1.18–1.37), non- 
metropolitan residence (adjusted HR: 1.09 in model 3; 95% 
CI, 1.03–1.16), and higher CCI (adjusted HR in model 2: 
1.15; 95% CI, 1.14–1.17) were associated with an increased haz-
ard of long-term mortality. On the other hand, higher BMI and 
regular exercise were associated with decreased hazard of mor-
tality. Similar risk factors for mortality were identified among 
matched controls (Supplementary Table 3).

DISCUSSION

During a median follow-up duration of 3.7 years after 1 year of 
TB diagnosis, the mortality risk was 1.62-fold higher in TB sur-
vivors than those in the age- and sex-matched controls, even 
considering potential confounders. This result highlights the 
long-standing effect of TB on mortality despite TB treatment 
completion. The relative hazard of long-term mortality in TB 
survivors compared with matched controls was more evident 
in those aged≥ 40 years.

Regarding long-term mortality in TB survivors, a previous 
meta-analysis showed that patients with TB had a 2.91-fold 
standardized mortality ratio for all-cause mortality compared 
with the controls [3]. This figure compares with our unadjusted 
HR of 2.1 (matched for only age and sex). Furthermore, the 

relatively higher mortality risk can be explained because 6 of 
the 10 countries included in the previous studies were per-
formed in low- and middle-income countries [3]. Taking ad-
vantage of the relatively high prevalence of TB in Korea 
despite its high income, one of the major strengths of this 
study is that it provides updated information on long-term 
mortality in TB survivors living in a high-income country. 
Unexpectedly, this study indicates that the long-term mor-
tality in TB survivors is still high, even in a high-income 
country. The results of this study might be helpful in devel-
oping health policies to reduce long-term TB morbidity and 
mortality in high-income countries with low-to-intermediate 
TB burden.

Our study also has the advantage of minimizing bias affect-
ing long-term mortality by adjusting for potential confounders. 
In this study, the confounders included nutritional status, per-
sonal habits (smoking status, alcohol consumption, and regular 
exercise), socioeconomic status (income and residential area), 
and comorbidities. Although previous studies also considered 
some of the factors, these studies did not comprehensively in-
clude all those factors when analyzing long-term mortality in 
TB survivors [3, 4, 6, 25, 34]. As expected, our study showed 
that the adjustment for potential confounders reduced the esti-
mated risk of long-term mortality (from an unadjusted HR of 
2.1 to a fully adjusted HR of 1.6), which suggests that the pre-
viously reported estimates of long-term mortality risk of TB 
might have been overestimated. Additionally, by including pa-
tients with TB who survived 1 year after treatment completion, 
we minimized the direct effect of TB itself or treatment-related 
complications on mortality, which was not considered in some 
previous studies [34].

There are potential mechanisms that can explain the higher 
mortality in TB survivors compared with matched controls. 
First, higher rates of cardiovascular mortality in TB survivors 
than those of their counterparts may explain the higher mortal-
ity rate. Monocyte/macrophages, lymphocytes, and cytokines 
involved in cell-mediated immune responses against 
Mycobacterium tuberculosis are the main drivers of atherogen-
esis [35]. In the same vein, a previous epidemiologic study re-
vealed that patients with pulmonary or extrapulmonary TB had 
an increased subsequent rate of acute myocardial infarction 
[36]. Furthermore, the risk remained elevated after several 
years from the initial diagnosis of TB [36]. Second, higher rates 
of respiratory diseases such as COPD among TB survivors than 
those in the matched controls may explain the higher mortality. 
In agreement with our findings, a history of pulmonary TB has 
been identified as a significant comorbid condition of COPD 
[37, 38], which is associated with a higher risk for all-cause 
mortality [21]. Considering up to 39% of patients with 
COPD were never smokers [39], the prevalent COPD among 
TB survivors may hamper long-term survival regardless of 
smoking status.
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Our study showed that lower BMI, which might indicate 
poor nutritional status, was associated with higher long-term 
mortality in TB survivors. Low BMI has a substantial impact 
on TB development [24, 40], and weight loss during TB treat-
ment is associated with increased mortality [41]. In addition, 
TB survivors are known to have lower BMI than those without 

TB [42]. However, the long-term effect of low BMI on mortality 
in TB survivors is not well known, and our study provided in-
formative data showing the persistent long-term effect of low 
BMI on mortality in TB survivors. In this regard, timely inter-
ventions to improve the nutritional status of TB survivors using 
various strategies may be essential [43].

Table 2. Incidence Rate and Risk of Mortality in TB Survivors Versus Matched Controls

No. at 
Risk

No. of 
Deaths

Follow-up 
Duration (PY)

IR (/1000 
PY)

Hazard Ratio (95% CI)

Unadjusted Model 1 Model 2 Model 3

Overall Matched controls 82 098 2738 312 552 8.8 Reference Reference Reference Reference

TB survivors 82 098 5549 304 971 18.2 2.08 (1.99–2.18) 1.86 (1.78–1.95) 1.55 (1.47–1.62) 1.62 (1.54–1.70)

Age  
group, y

20–29 Control 4328 7 19 160 0.4 Reference Reference Reference Reference

TB 4328 9 19 155 0.5 1.29 (.48–3.46) 1.17 (.44–3.14) 1.05 (.39–2.83) 1.11 (.41–2.98)

30–39 Control 9089 23 38 043 0.6 Reference Reference Reference Reference

TB 9089 48 37 960 1.3 2.09 (1.27–3.44) 1.82 (1.11–2.99) 1.62 (.98–2.66) 1.71 (1.04–2.80)

40–49 Control 14 637 57 57 904 1.0 Reference Reference Reference Reference

TB 14 637 212 57 463 3.7 3.75 (2.80–5.03) 3.13 (2.34–4.20) 2.64 (1.97–3.54) 2.80 (2.09–3.76)

50–59 Control 18 130 198 69 221 2.9 Reference Reference Reference Reference

TB 18 130 669 68 047 9.8 3.44 (2.94–4.03) 2.83 (2.41–3.32) 2.31 (1.97–2.71) 2.44 (2.08–2.86)

60–69 Control 16 214 464 60 593 7.7 Reference Reference Reference Reference

TB 16 214 1272 58 375 21.8 2.86 (2.57–3.18) 2.47 (2.22–2.75) 2.01 (1.81–2.24) 2.10 (1.88–2.34)

70–79 Control 16 096 1400 57 645 24.3 Reference Reference Reference Reference

TB 16 096 2511 54 605 46.0 1.91 (1.76–2.03) 1.68 (1.58–1.80) 1.40 (1.31–1.50) 1.45 (1.35–1.55)

≥ 80 Control 3604 589 9986 59.0 Reference Reference Reference Reference

TB 3604 828 9366 88.4 1.51 (1.36–1.68) 1.38 (1.24–1.53) 1.16 (1.05–1.29) 1.22 (1.10–1.36)

Sex Male Control 46 755 1823 175 380 10.4 Reference Reference Reference Reference

TB 46 755 3979 169 469 23.5 2.26 (2.14–2.39) 2.01 (1.89–2.12) 1.66 (1.57–1.76) 1.73 (1.63–1.84)

Female Control 35 343 915 137 172 6.7 Reference Reference Reference Reference

TB 35 343 1570 135 502 11.6 1.74 (1.60–1.89) 1.56 (1.46–1.72) 1.33 (1.22–1.44) 1.40 (1.28–1.52)

Data are presented as numbers or ratios with 95% CI, as appropriate. Model 1 was adjusted for age, sex, body mass index (continuous variable), smoking pack-years (continuous variable), 
alcohol consumption, regular exercise, income level, and residential area. Model 2 was adjusted for the Charlson Comorbidity Index (continuous variable) in addition to the variables included in 
model 1. Model 3 was adjusted for comorbidities (diabetes mellitus, hypertension, dyslipidemia, asthma, chronic obstructive pulmonary disease, bronchiectasis, ischemic heart disease, 
myocardial infarction, congestive heart failure, stroke, dementia, solid cancer, hematologic malignancy, and chronic kidney disease/end-stage renal disease), in addition to the variables 
included in model 1.  

Abbreviations: CI, confidence interval; IR, incidence rate; PY, person-years; TB, tuberculosis.

Figure 2. Cumulative incidence probability (%) of mortality in tuberculosis (TB) survivors versus matched controls. Year 0 indicates 1 year after TB diagnosis in TB survivors 
and 1 year after the time of being matched in matched controls, respectively.
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There are limitations to this study that should be acknowl-
edged. First, 10 799 TB survivors were not matched to controls. 
Because clinical differences exist between unmatched and 
matched TB survivors (Supplementary Table 4), there might 
be a selection bias. However, despite some differences in clini-
cal characteristics, 2 sensitivity analyses by propensity score 
matching and Cox proportional hazards models for 

prematched individuals (all 92 897 TB survivors and 410 231 
controls) showed similar results (Supplementary Table 2). 
Accordingly, we carefully suggest that the effect of unmatched 
TB survivors did not have a significant impact on our final re-
sults. Second, this study lacked clinical information on TB se-
verity, such as cavitation and acid-fast bacilli smear results, 
affecting long-term mortality among TB survivors. Third, the 

Figure 3. Increased mortality in TB survivors versus matched controls, stratified analysis according to CCI, income, residential area, BMI, smoking status, alcohol con-
sumption, and regular exercise. Cox proportional hazard model was adjusted for age, sex, body mass index, smoking status, alcohol consumption, regular exercise, income, 
and comorbidities (diabetes mellitus, hypertension, dyslipidemia, asthma, chronic obstructive pulmonary disease, bronchiectasis, ischemic heart disease, myocardial infarc-
tion, congestive heart failure, stroke, dementia, solid cancer, hematologic malignancy, and chronic kidney disease/end-stage renal disease). Abbreviations: BMI, body mass 
index; CCI, Charlson Comorbidity Index; CI, confidence interval; TB, tuberculosis.

Figure 4. The impact of each type of TB on long-term TB mortality compared with matched controls are presented as hazard ratios and 95% CI. Cox proportional hazard 
model was adjusted for age, sex, body mass index, smoking status, alcohol consumption, regular exercise, income, and comorbidities (diabetes mellitus, hypertension, d-
yslipidemia, asthma, chronic obstructive pulmonary disease, bronchiectasis, ischemic heart disease, myocardial infarction, congestive heart failure, stroke, dementia, solid 
cancer, hematologic malignancy, and chronic kidney disease/end stage renal disease). Abbreviations: CI, confidence interval; TB, tuberculosis.
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causes of mortality were not available for our dataset; thus, we 
could not explore whether the causes of mortality in TB survi-
vors and their controls were different. Fourth, this study was 
conducted in Korea. The factors affecting mortality in TB sur-
vivors might be different in other countries, particularly in 
countries with low socioeconomic indices. Although this limits 
the generalization of our study results, our study results would 
help develop health policies to reduce long-term TB mortality 
in high socioeconomic countries.

In conclusion, the mortality risk was 1.62-fold higher in TB 
survivors than those in the age- and sex-matched controls, even 
considering potential confounders. This result highlights the 
longstanding effect of TB on mortality despite TB treatment 
completion. Furthermore, the hazard of long-term mortality 
in TB survivors was consistently higher than those in the 
matched controls in all stratified analyses except for age; the 
hazard was significant in the older age group.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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Table 3. Risk Factors for Long-term Mortality in TB Survivors

No. at Risk 
(N= 82 098)

No. of 
Deaths

Follow-up 
Duration (PY)

IR 
(/1000 

PY)

Hazard Ratio (95% CI)

Unadjusted Model 1 Model 2

Type of TB Extrapulmonary TB 11 054 359 42 722 8.4 Reference Reference Reference

Pulmonary TB 68 801 5054 252 764 20.0 2.38 (2.14–2.65) 1.30 (1.17–1.45) 1.24 (1.11–1.38)

Pulmonary and 
extrapulmonary TB

1561 73 6934 10.5 1.25 (.97–1.61) 1.04 (.81–1.33) 0.99 (.77–1.27)

Miliary or 
disseminated TB

682 63 2551 24.7 2.95 (2.26–3.86) 1.33 (1.01–1.73) 1.27 (.97–1.67)

Sex Female 35 343 1570 135 502 11.6 Reference Reference Reference

Male 46 755 3979 169 469 23.5 2.03 (1.91–2.15) 2.33 (2.18–2.50) 2.31 (2.16–2.47)

Age group, y 20–29 4328 9 19 155 0.5 0.13 (.07–.25) 0.59 (.30–1.19) 0.51 (.26–1.02)

30–39 9089 48 37 960 1.3 0.34 (.25–.47) 0.79 (.57–1.10) 0.73 (.52–1.01)

40–49 14 637 212 57 463 3.7 Reference Reference Reference

50–59 18 130 669 68 047 9.8 2.67 (2.29–3.12) 1.07 (.89–1.28) 1.13 (.94–1.36)

60–69 16 214 1272 58 375 21.8 5.93 (5.13–6.86) 1.01 (.80–1.29) 1.09 (.86–1.39)

70–79 16 096 2511 54 605 46.0 12.63 (10.98–14.54) 1.09 (.80–1.50) 1.19 (.86–1.63)

≥ 80 3604 828 9366 88.4 24.83 (21.35–28.88) 1.21(.82–1.79) 1.30 (.88–1.92)

Body mass index, kg/m2 82 098 … … … 0.94 (.93–.943) 0.91 (.906–.92) 0.91 (.90–.92)

Smoking pack-years 82 098 … … … 1.017 (1.016–1.019) 1.005 (1.004–1.007) 1.005 (1.004–1.006)

Alcohol consumption None 46 938 3722 173 933 21.4 Reference Reference Reference

Mild 27 490 1262 102 871 12.3 0.57 (.54–.61) 0.87 (.81–.93) 0.88 (.83–.95)

Heavy 7670 565 28 167 20.1 0.94 (.86–1.03) 1.10 (.997–1.21) 1.12 (1.01–1.23)

Regular exercise No 68 014 4708 254 294 18.5 Reference Reference Reference

Yes 14 084 841 50 677 16.6 0.90 (.83–.97) 0.82 (.76–.89) 0.82 (.76–.88)

Income level Quintile 1 (lowest) 15 232 1142 55 508 20.6 0.94 (.87–1.01) 1.27 (1.17–1.37) 1.27 (1.18–1.37)

Quintile 2 12 929 762 48 643 15.7 0.71 (.65–.78) 1.24 (1.14–1.35) 1.24 (1.14–1.36)

Quintile 3 15 218 854 57 332 14.9 0.68 (.62–.74) 1.12 (1.03–1.21) 1.13 (1.04–1.23)

Quintile 4 17 941 1123 67 541 16.6 0.76 (.70–.82) 1.04 (.96–1.12) 1.04 (.96–1.12)

Quintile 5 20 778 1668 75 946 22.0 Reference Reference Reference

Residential area Metropolitan 36 444 2011 137 786 14.6 Reference Reference Reference

Other areas 45 654 3538 167 185 21.2 1.45 (1.37–1.53) 1.10 (1.04–1.16) 1.09 (1.03–1.16)

Charlson Comorbidity Index 82 098 … … … 1.30 (1.29–1.32) 1.15 (1.14–1.17) …

Data are presented as numbers or ratios with 95% CI, as appropriate.  

Model 1 was adjusted for age, sex, body mass index (continuous variable), smoking pack-years (continuous variable), alcohol consumption, regular exercise, income level, residential area, and 
Charlson Comorbidity Index (continuous variable). Model 2 was adjusted for age, sex, body mass index (continuous variable), smoking pack-years (continuous variable), alcohol consumption, 
regular exercise, income level, residential area, and comorbidities (diabetes mellitus, hypertension, dyslipidemia, asthma, chronic obstructive pulmonary disease, bronchiectasis, ischemic 
heart disease, myocardial infarction, congestive heart failure, stroke, dementia, solid cancer, hematologic malignancy, and chronic kidney disease/end-stage renal disease).  

Abbreviations: CI, confidence interval; BMI, body mass index; IR, incidence rate; PY, person-years; TB, tuberculosis.
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