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aimed to identify the general characteristics associated with TB-specific mortality among
Koreans. Using Causes of Death Statistics data from Statistics Korea, we assessed the
year of death, sex, age, occupation, area of residence, marital status, and education
level reported between 2008 and 2017. Patient characteristics associated with TB-
specific deaths were analyzed using the Chi-squared test, while influencing factors
of TB-specific mortality were analyzed using logistic regression analysis to calculate
adjusted odds ratios (AOR). Female (AOR: 0.509, 95% CI: 0.493-0.526), those with
a graduate degree or higher (AOR: 0.559, 95% CI: 0.474-0.660) had lower TB-specific
mortality rates than those of their counterparts. Conversely, those aged >70 years (AOR:
1.239, 95% Cl: 1.199-1.280), single (AOR: 1.355, 95% Cl: 1.315-1.396), and skilled
agricultural, forestry, and fishery workers (AOR: 1.441, 95% Cl: 1.359-1.529) had higher
TB-specific mortality rates than those of their counterparts. In conclusion, TB-specific
mortality rates differed according to the characteristics of the deceased patients. In order
to establish effective TB control, multisectoral action on broader determinants should
be strengthened.
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INTRODUCTION

Tuberculosis (TB) is an airborne infectious disease caused by Mycobacterium tuberculosis (MTB)
(1). MTB has co-existed with humans for thousands of years (2). Approximately 1.7 billion people
worldwide are suspected of being infected by MTB. In general, however, 90% of people infected with
MTB maintain latent TB infection, and only 10% develop active TB over their lifetime (3, 4). MTB
has characteristics that are different from other bacteria, and ~85% of TB cases can be treated with

Frontiers in Public Health | www.frontiersin.org 1

October 2021 | Volume 9 | Article 691006


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.691006
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.691006&domain=pdf&date_stamp=2021-10-20
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:parenchyme@gmail.com 
mailto:lee-sh@korea.ac.kr
https://doi.org/10.3389/fpubh.2021.691006
https://www.frontiersin.org/articles/10.3389/fpubh.2021.691006/full

Chung et al.

Socio-Demographic Factors and Tuberculosis Mortality

regular use of anti-TB drugs for at least 6 months (1, 5-7).
Regarding TB treatment, medication compliance can be viewed
as one of the most cost-effective interventions (8).

Since 1993, TB has been considered a global public health
emergency (9). The TB-specific mortality rate has continued
to decrease since 2000, but according to the 2020 Tuberculosis
Report issued by the World Health Organization (WHO), 7.1
million people worldwide were newly diagnosed with TB in 2019,
a slight increase from the 7.0 million people diagnosed in 2018.
The report also indicated that 1.2 million deaths (range, 1.1-1.3)
from TB were among HIV-negative people (1). Despite the fact
that the global TB incidence has decreased by 9% between 2015
and 2019, it remains a major disease and one of the top 10 global
causes of death by a single infectious agent (1).

There is evidence that TB is closely associated with
socioeconomic indicators (10). The TB incidence is estimated
to be <10 per 100,000 population per year in most high-
income countries, whereas the rate is estimated to be 183
per 100,000 population per year in low- or middle-income
countries (11). Studies have reported that people belonging to
low socioeconomic groups have a higher risk of TB (12) and
that there is a linear association between gross domestic product
(13) per capita and the TB incidence rate (14). Moreover, other
studies have reported that modifiable socio-economic risk factors
could be potent factors of TB infection and disease (15). Among
the socio-environmental and biological determinants of TB, the
economic level has been recognized as a fundamental cause of
TB (16, 17) due to its high prevalence among the poor (12),
which makes the need to determine factors that influence the
economic status even more evident. According to “Education at
a Glance: OECD Indicators,” TB is highly prevalent among the
poor and this may be attributable to the education level based on
the annual reports on wage gaps by education levels (18).

The TB incidence rate in the Republic of Korea has decreased
from 79 per 100,000 people in 2015 to 59 per 100,000 population
in 2019, while the TB-specific mortality rate showed the largest
decrease in 2019 (4.0 per 100,000 population) relative to 2015
(5.3 per 100,000 population) (5). Despite the continued decrease
in incidence of TB and TB-specific mortality rates, the Republic
of Korea has the highest TB incidence rate and second highest
TB-specific mortality rate among the Organization for Economic
Co-operation and Development (OECD) countries (1, 19). The
incidence of TB and TB-specific mortality rates in the Republic
of Korea remain very high compared with those of high-income
countries, and the burden of disease must be reduced through
national disease control efforts (20). Therefore, analyzing the
factors that may influence TB-specific mortality could aid in
preventing and controlling TB to ultimately eradicate it.

The characteristics that influence the incidence of TB
have been analyzed in various countries and under various
conditions (21-28). However, very few studies have compared the
characteristics of deaths due to TB and other causes (29, 30) and,
in particular, no studies have investigated such characteristics
among Koreans. Accordingly, the objective of the present study
was to use Population Trend Survey data from Statistics Korea
to (1) compare the differences between deaths due to TB and
other causes according to the characteristics of deceased patients

and (2) analyze the characteristics of deceased patients that may
influence TB-specific mortality to determine the factors that
contribute to TB-specific mortality.

MATERIALS AND METHODS

In this cross-sectional study, we analyzed the characteristics
of deceased patients that may influence TB-specific mortality
based on deaths reported between 2008 and 2017. Data for
deaths due to TB and other causes were obtained from the
Causes of Death Statistics from Statistics Korea between 2008
and 2017. TB-specific mortality was defined according to the
Korean Standard Classification of Disease and Cause of Death,
7th revision (KCD-7). The KCD-7 is a set of disease classification
codes that were modified from the International Classification
of Disease 10th revision (ICD-10) by WHO to reflect the
situation in the Republic of Korea. In the present study, TB-
specific mortality was defined as cause of death corresponding
to KCD-7 code A15 (respiratory tuberculosis, bacteriologically
and histologically confirmed), A16 (respiratory tuberculosis, not
confirmed bacteriologically or histologically), A17 (tuberculosis
of nervous system), A18 (tuberculosis of other organs), or A19
(military tuberculosis).

Among the 2,647,823 deaths reported between 2008 and 2017,
cases with missing data and errors were excluded, resulting in
a total of 2,589,557 deaths included in the analysis set. Of the
2,589,557 deaths in the analysis set, there were 21,968 deaths by
TB and 2,567,589 deaths by other causes (Figure 1).

The time of death, sex, age, occupation, area of residence,
marital status, education level, and place of death were
considered in the analysis. TB deaths in Korea were declining
between 2008 and 2017 (Figure2), and year and month of
death were examined as the time of death to identify TB-
related deaths according to yearly trends and monthly changes.
Typical demographic characteristics such as sex and age were
considered as characteristics associated with deaths by TB,
while age was divided into <65, 65-74, 75-84, >85 years to
analyze the association between age and TB-related deaths.
Occupation at the time of death was categorized into skilled
agricultural, forestry, and fishery workers; students, homemakers,
and unemployed; and others. Area of residence was divided
into metropolitan and non-metropolitan areas. In accordance
with the Enforcement Decree of the Seoul Metropolitan Area
Readjustment Planning Act, Metropolitan areas included Seoul,
Gyeonggi-do, and Incheon, while all other regions were defined
as non-metropolitan areas. Moreover, marital status was divided
into married and single, while education level was divided into
primary school graduate or below; middle school graduate; high
school graduate; college graduate; and graduate school or higher.
Meanwhile, place of death was categorized into in-hospital and
out-of-hospital to analyze its influence on TB-related death.

Chi-squared test and logistic regression analyses were used
for statistical analysis. The Chi-squared test was performed
to identify the characteristics of deceased patients that were
associated with TB-related deaths, while a logistic regression
model was established to analyze the characteristics of the
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FIGURE 1 | Flowchart of the analysis set selection process.
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deceased patients that influenced TB-related deaths. The logistic
regression model was established by setting death due to TB as the
outcome variable and year of death, sex, age, occupation, area of
residence, marital status, and education level as the explanatory
variables. SAS 9.4 (SAS Institute, Cary, NC, USA) was used for
all statistical analyses and the significance level for all statistical
testing was set to 5%.

The study was conducted with approval from the Korea
University Medicine Institutional Review Board (IRB
No. 2019AS50245).

RESULTS

The Chi-squared test was performed to analyze the associations
between death from TB and deceased patient characteristics (year
of death, season of death, sex, age, occupation, area of residence,
marital status, education level, and place of death) (Table 1).
All characteristics, except season of death, showed statistically

significant results, while changes in trend for TB-specific
mortality rate over time were identified for some variables.

The percentage of deaths from TB, according to the year of
death, showed a decreasing trend. However, deaths from TB,
according to the month of death, showed a similar distribution
pattern, indicating no association. Regarding TB-specific deaths
according to sex and age, the most frequent deaths were among
male patients (64.0%, n = 14,049) and those aged 75-84 years
(36.0%, n = 7,898). Statistical differences were found in gender
and age distribution with non-tuberculosis deaths. Regarding
TB-specific deaths according to occupation, the most frequent
deaths were among students, homemakers, and unemployed
subjects (76.5%, n = 16,802), followed by skilled agricultural,
forestry, and fishery workers (12.5%. n = 2,738), and other
occupations (11.1%, n = 2,428). In non-TB-specific deaths, the
most frequent deaths were also among students, homemakers,
and unemployed subjects (73.8%, n = 1,891,001). Moreover,
the percentage of deaths from TB was high among non-
metropolitan area residents (62.3%, n = 13,677) and among
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TABLE 1 | Socio-demographic factors of those with TB-specific deaths and non-TB-specific deaths. (Unit: deaths).
Variables Total Cause of deaths p-value®
TB-specific deaths Non-TB-specific deaths
n? %° n? %P
Total 2,589,557 21,968 100 2,567,589 100 <0.001
Year of death 2008 year 241,674 2,243 10.2 239,431 9.3 <0.001
2009 year 243,922 2,265 10.3 241,657 9.4
2010 year 251,343 2,330 10.6 249,013 9.7
2011 year 254,163 2,331 10.6 251,832 9.8
2012 year 262,807 2,378 10.8 260,429 10.1
2013 year 262,974 2,222 10.1 260,752 10.2
2014 year 261,911 2,235 10.2 259,676 10.1
2015 year 269,887 2,154 9.8 267,733 10.4
2016 year 269,328 2,086 9.5 267,242 10.4
2017 year 271,548 1,724 7.8 269,824 10.5
Month of death January 224,762 1,888 8.6 222,874 8.7 0.158
February 222,685 1,884 8.6 220,801 8.6
March 235,015 1,897 8.6 233,118 9.1
Aril 217,047 1,842 8.4 215,205 8.4
May 214,469 1,841 8.4 212,628 8.3
June 206,083 1,791 8.2 204,292 8
July 201,972 1,743 7.9 200,229 7.8
August 206,490 1,822 8.3 204,668 8
September 199,739 1,761 8 197,978 7.7
October 217,355 1,836 8.4 215,519 8.4
November 215,874 1,758 8 214,116 8.3
December 228,066 1,905 8.7 226,161 8.8
Sex Male 1,425,663 14,049 64 1,411,614 55 <0.001
Female 1,163,894 7,919 36 1,165,975 45
Age of death <65 years 715,812 5,101 23.2 710,711 27.7 <0.001
65-74 years 516,408 4,074 18.5 512,334 20
75-84 years 787,368 7,898 36 779,470 30.4
>85 years 569,969 4,895 22.3 565,074 22
Job Skilled agricultural, forestry, and fishery workers 267,213 2,738 12.5 264,475 10.3 <0.001
Students, homemakers, and unemployed 1,910,903 16,802 76.5 1,894,101 73.8
Other 411,441 2,428 1.1 409,013 16.9
Residential area Metropolitan 1,013,622 8,291 37.7 1,005,331 39.2 <0.001
Non-metropolitan 1,675,935 13,677 62.3 1,662,258 60.8
Marital status Married 1,234,163 9,853 44.9 1,224,310 47.7 <0.001
Single 1,355,394 12,115 55.1 1,343,279 52.3
Education level Primary school graduate or below 1,493,376 13,619 62 1,479,757 57.6 <0.001
Middle school graduate 343,660 3,102 141 340,558 13.3
High school graduate 499,652 3,781 17.2 495,871 19.3
College graduate 222,251 1,320 6 220,931 8.6
Graduate school or higher 30,618 146 0.7 30,472 1.2
Place of death In-hospital 1,833,227 18,462 84 1,814,765 70.7 <0.001
Out-of-hospital 756,330 3,506 16 752,824 29.3

an, number of deaths.
b9, column percentages.
®p-value for Chi-squared test.

singles (55.1%, n = 12,115), while a decreasing trend in the  percentage of in-hospital deaths from TB (84.0%, n = 18,462)
percentage of deaths from TB was observed among patients with ~ was higher than that of out-of-hospital deaths by TB (16.0%,
a higher education level. Finally, regarding the place of death, the =~ n = 3,506).
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TABLE 2 | Socio-demographic factors contributing to TB-specific deaths using logistic regression.

Variables Univariate model Multivariate model
Crude OR? 95% CI° Adjusted OR? 95% CI°
Year of death 2008 1 1 1 1
2009 1.001 (0.944-1.061) 1.002 (0.945-1.062)
2010 0.999 (0.942-1.059) 0.997 (0.941-1.057)
2011 0.988 (0.932-1.047) 0.985 (0.929-1.044)
2012 0.975 (0.920-1.033) 0.969 (0.914-1.027)
2013 0.91 (0.858-0.965) 0.906 (0.854-0.962)
2014 0.919 (0.866-0.974) 0.917 (0.864-0.973)
2015 0.859 (0.809-0.911) 0.856 (0.807-0.909)
2016 0.833 (0.785-0.885) 0.833 (0.784-0.884)
2017 0.683 (0.641-0.727) 0.682 (0.640-0.726)
Sex Male 1 1 1 1
Female 0.688 (0.670-0.708) 0.509 (0.493-0.526)
Age of death <70 1 1 1 1
>70 1.282 (1.245-1.319) 1.239 (1.199-1.280)
Occupation Other 1 1 1 1
Students, homemakers, and unemployed 1.494 (1.432-1.559) 1.427 (1.363-1.495)
Skilled agricultural, forestry, and fishery workers 1.744 (1.651-1.842) 1.441 (1.359-1.529)
Residential area Metropolitan 1 1 1 1
Non-metropolitan 1.062 (1.083-1.091) 1 (0.973-1.029)
Marital status Married 1 1 1 1
Single 1.121 (1.091-1.151) 1.355 (1.315-1.396)
Education level Primary school graduate or below 1 1 1 1
Middle school graduate 0.99 (0.952-1.029) 0.952 (0.913-0.992)
High school graduate 0.828 (0.799-0.859) 0.836 (0.803-0.870)
College graduate 0.649 (0.613-0.687) 0.656 (0.618-0.696)
Graduate school or higher 0.521 (0.442-0.613) 0.559 (0.474-0.660)

@0R, odds ratio.
b95% Cl, 95% confidence interval.

Logistic regression analysis was performed to analyze the
characteristics of the deceased patients that influenced death
from TB (Table2). The logistic regression model included
year of death, sex, age, occupation, area of residence, marital
status, and education level as explanatory variables and statistical
significance was confirmed in most explanatory variables.
Cramer’s V was reviewed to confirm the correlation between
explanatory variables. All Cramers vs. were <0.5, so we
concluded that the logistic model had no multicollinearity.
Regarding the Chi-squared test results, the percentage of deaths
from TB tended to decrease when the time of death was more
recent, and deaths from TB since 2013 showed statistically
significant differences compared with 2008. TB as a cause of death
was 0.509 times lower in female patients than in male patients
(95% CI: 0.493-0.526) and 1.239 times higher in those aged
>70 years than in those aged <70 years (95% CI: 1.199-1.280).
Deaths among students/homemakers/unemployed and skilled
agricultural/forestry/fishery workers were 1.427 times (95% CI:
1.363-1.495) and 1.441 times (95% CI: 1.359-1.529) higher,
respectively, than in those with other occupations. Moreover, the
crude odds ratio of death from TB according to area of residence

was 1.121 (95% CI: 1.091-1.151), with a higher percentage among
people who resided in non-metropolitan areas. The adjusted odds
ratio was 1.000 (95% CI: 0.973-1.029), indicating no statistical
significance. Death from TB was 1.355 times (95% CI: 1.315-
1.396) higher in people who were single, while the percentage
of deaths from TB tended to decrease as the education level
increased. In particular, deaths in those with a graduate level
education or higher was 0.559 times (95% CI: 0.474-0.660) lower
than those who were primary school graduates or lower, showing
an almost 56% decrease.

DISCUSSION

TB is a major cause of death and incurs a burden in low- and
middle-income countries (31). Despite its high economic level,
the Republic of Korea has a significantly high incidence of TB
and mortality rates among OECD countries (1, 19), and still
faces new challenges in terms of TB control. The present study
aimed to compare the differences between deaths by TB and other
causes according to the characteristics of the deceased patients
and identify factors associated with TB-specific mortality rate.
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In the present study, characteristics associated with TB-
specific deaths were identified. The results showed that the TB-
specific mortality rate is likely to be higher among male patients
than female patients. Sex may be a factor that affects exposure
to MTB due to differences in social roles and outdoor activities
(32). Such results are consistent with most TB prevalence
studies in countries with a high TB burden (33). Although
the association between male sex and risk of TB is not clear,
active TB is relatively more prominent among male patients
(34), and there is almost no infectious disease that affects both
sexes similarly (35). Despite this, TB is one of the top five
causes of death among female patients and has a major impact
on health in women (36). Moreover, analysis also showed that
occupational factors influence TB-specific deaths. It is believed
that agricultural, forestry, and fishery workers, which were
some of the occupational sectors assessed, influenced TB-specific
deaths since the percentage of men is high in such occupations.
These findings agree with other studies reporting that men who
have outdoor-labor occupations, such as mining, have a high
risk of TB (37, 38). It is a long-held perception that TB is
more common among the elderly population, and the findings
of the present study are consistent with this (39). However,
according to the 2020 Global Burden of Disease report, non-
HIV related TB figures among the top 10 diseases affecting the
global population aged 25-49 years (40). There were differences
with previous patterns of TB-specific mortality or incidence
rates, suggesting that TB is a disease that requires continued
management regardless of age.

The findings of the present study showed no association
between TB-specific death and season. These results are different
from existing studies that reported that the incidence of TB
around the world tends to be higher during spring or summer
and lower during autumn or winter (41-47). In particular, TB
notification rates in the Republic of Korea were lower during the
winter, while summer or spring were the peak seasons for TB
infection (48). Thus, the season may have an influence on the TB
incidence rate but does not contribute to the mortality rate.

The socioeconomic status is determined by occupation,
income, accumulated wealth, and education level (49). There
are studies that measured the education level as a variable
for assessing the socioeconomic status (50). The present study
showed an association between a higher education level and
lower percentage of TB-specific death. These results were
similar to a study on all-cause mortality and risk factors in
Taiwanese TB patients, which reported that the group who
received high school education or higher had a lower risk of
all-cause mortality than those who did not (51). While there
are studies that reported a higher risk of TB in people with
a higher education level (52), most studies have reported that
patients with a lower education level lack an understanding
of TB compared with patients with a higher education level
(53), which often leads to discontinuation of treatment (54)
and increased mortality (55). In particular, unlike other diseases,
TB is a preventable (56, 57) and treatable disease (1, 58). It is
necessary to implement systematic and continuous life education
strategies to promote awareness and change the attitude toward
TB prevention and control.

The WHO TB control strategy emphasizes that strategies for
early detection and treatment completion by TB patients should
be implemented (59). To achieve this, national level management
is essential and the Korean government has been pursuing
various TB control inventions over several decades (60). In 2013,
the first National Strategic Plan for Tuberculosis Control (2013-
2017) was established to enter a full-fledged TB eradication
project (61). Subsequently, the second National Strategic Plan
for Tuberculosis Control (2018-2022) was established, along
with Measures to Strengthen TB Prevention/Management (2018-
2022) with the goal of early TB eradication to lower the
incidence of TB to 10 per 100,000 population by 2030 (62). The
major strategies in the National Strategic Plan for Tuberculosis
Control are target prevention and early detection of TB, patient
treatment and contact management, expansion of TB-related
research and development and management of essential goods,
and strengthening of the TB eradication response system. Sub-
tasks also include reinforcement and expansion of screening
for the elderly, vulnerable populations, and high-risk groups
with existing conditions. The policy is to eliminate blind spots
in TB management by strengthening support and management
for the elderly, homeless, and foreigners, and effectively achieve
prevention, early diagnosis, and treatment by strengthening
health insurance coverage for TB (63). Therefore, it is meaningful
in that the incidence of TB by life cycle and target group can be
reduced in all directions by strengthening the response system of
government ministries and local governments.

The present study found that the TB-specific mortality rate
decreased each year and the total number of new TB cases
also showed a decreasing trend (62). According to the 2019 TB
notification status report, the number of elderly patients (>65
years) with TB decreased by 10.7% but the percentage of elderly
patients among all new TB cases was 30.0, 45.5, and 47.1% in
2011, 2018, and 2019, respectively, and TB incidence rate was
approximately 3.6 times higher among medical aid recipients
than health insurance subscribers (5). Thus, the burden of TB
among the elderly and socioeconomically vulnerable population
remains. Despite being ranked as a high-income country with the
tenth highest GDP in the world by the International Monetary
Fund in 2019, the Republic of Korea has significantly high TB
incidence and mortality rates among OECD countries. Therefore,
the effects of the current policies appear to be insufficient,
and the government should strive for quarantine measures and
establishment of a sustainable and effective system for TB control.

According to the 2016 Tuberculosis Policy and Procedure
Manual issued by the state of Georgia in the United States,
homeless TB patient support and management is being
implemented by confirmation of continued treatment and
monthly review of patient care, along with budgetary support to
provide shelter, including food and transportation costs, during
the period for treatment completion and appropriate treatment
(confirmation of medication compliance) (13). In Europe, a
web-based TB NET is being operated for monitoring clinical
and treatment outcomes of patients using an integrated clinical
research collaboration among regions. In the United States, the
Tuberculosis Genotyping Information Management System (TB
GIMS) is being established by creating a database of whole
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genome sequencing of most reported cases of TB to forecast
incidences of TB due to reactivation of MTB (64). Despite the
low incidence of TB in the United States and Europe, a systematic
and stable tuberculosis response system is in place. Considering
the situation in Korea, it is necessary to establish an organized
financial strategy and infrastructure to promote strong policies
in Korea. In particular, since genome analysis using a database
is useful during epidemiological investigations for analyzing the
cause of infection and the spread of tuberculosis, it will be in
demand to promote customized management policies through
epidemiological characterization and environmental analysis.

The present study had some limitations. First, the data used
in this study were complete enumeration survey data that
were collected for establishing national policies and not for
research purposes. However, the data were highly representative
of all deaths. Therefore, the data were meaningful in that the
characteristics of the target population could be estimated with
minimal selection bias. Second, because only patients who died
from TB were analyzed, the findings cannot be generalized for
all TB patients. However, the present study was significant in
that it differentiated deaths by TB from deaths by other causes.
Lastly, the data used in the analysis were not adjusted for
factors that have a definitive influence on TB-specific mortality,
such as personal nutritional status, smoking status, diabetes,
and HIV status (1). Despite this, the significance of the present
study remains in the fact that it examined the characteristics of
the deceased population that were associated with TB-specific
mortality among Koreans.

Despite such limitations, the present study provides extensive
epidemiological analysis data over 10 years on the TB-specific
mortality rate in a country with a high burden of TB and identifies
factors associated with TB-specific deaths and differences
between characteristics. Moreover, the study presents aspects of
TB control policies in the Republic of Korea that should be
updated based on the findings of the study.

The present study used Causes of Death Statistics data from
Statistics Korea to describe the percentage of TB-specific deaths
reported between 2008 and 2017 in the Republic of Korea
according to patient characteristics. This study also analyzed
the factors associated with the TB-specific mortality to present
aspects of TB control policies in the Republic of Korea that
should be upgraded to reduce the mortality rate. Regarding
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