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Abstract
Background: This study aimed to describe the trends in incidence, mortality, and bur-
den of tracheal, bronchial and lung (TBL) cancer in Asia from 2010 through 2019 and
compare with global and other continental data.
Methods: We collected TBL cancer data from the 2019 Global Burden of Disease
(GBD) study from 2010 to 2019 in 49 countries and territories in Asia. For all loca-
tions, annual case data and age-standardized rates (ASRs) were used to investigate the
incidence, prevalence, mortality, and disability-adjusted life-years (DALYs) of TBL
from 2010 to 2019. The relative difference (%) between years was used to show com-
parative variations of ASRs for the indicators studied.
Results: In 2019, more than 55% of TBL cancer cases and deaths occurred in Asian
countries. A total of 57% of lung cancer patients lived in Asia and almost 60% of the
global burden of lung cancer was imposed on Asian countries. From 2010 to 2019,
incidences, deaths, prevalence cases, and DALYs number of TBL cancer increased over
1.34-, 1.31-, 1.31-, and 1.26-fold, in Asia. During this period, the age-standardized
incidence rate (ASIR), the age-standardized death rate (ASDR), the age-standardized
prevalence rate (ASPR), and the age-standardized DALYs rate (DALYs ASR) of TBL
cancer decreased by 1, 3, 4, and 4%, respectively. While at the same time, the decreas-
ing trend of these rates globally and in America and in Europe happened faster. In
2019, age-specific incidence, death, prevalence, and DALY cases of TBL cancer were
peaking at 65–74, 70–74, 65–69, and 65–69 years, respectively. In 2019, the highest
ASIR, ASDR, and DALYs ASR of TBL cancer was observed in East Asia countries and
the highest ASPR in high-income Asia Pacific countries. Central Asia and high-
income Asia Pacific countries experienced a decreasing trend in ASIR and ASDR, and
the South Asia countries experienced the highest increasing trend from 2010 to 2019.
ASPR only decreased in Central Asia, and DALYs ASR only increased in South Asia.
In 2019, among high sociodemographic index (SDI) Asian countries, Brunei Darussa-
lam had the highest ASIR, ASDR, and DALYs ASR and the Republic of Korea had the
highest ASPR. Among high-middle SDIs, Turkey and Georgia; among middle SDIs,
China and Armenia; among low-middle SDIs, Mongolia and the Democratic People’s
Republic of Korea had the highest ASIR, ASDR, ASPR, and DALY ASR of TBL cancer.
Among low SDI Asian countries, Pakistan had the highest ASIR, ASDR, ASPR, and
DALY ASR of TBL cancer.
Conclusion: Most of the global burden of lung cancer occurs in Asian countries, and
the decreasing trend of incidence, death, prevalence, and burden of this cancer in
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these countries is slower than in other regions. Therefore, the implementation of nec-
essary measures in order to reduce the process of this cancer is considered urgent.
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INTRODUCTION

One of the worldwide leading causes of death is cancer and
its burden is not consistent.1 Particularly between develop-
ing and developed countries, the incidence, mortality, and
disability-adjusted life year (DALY) burden of cancer vary
considerably across countries and regions.2–5

Globally, TBL cancers are among important public
health issues and the burden of these cancers varies in dif-
ferent countries.6,7 In the past few decades, lung cancer has
been the most common malignancy and cause of cancer
deaths.8 Furthermore, lung cancer remains the leading cause
of cancer-related deaths in men and women9 and an impor-
tant public health issue due to a 5-year survival rate of
17.8%10 and a high fatality rate.11

According to the latest GLOBOCAN estimates of cancer
incidence and mortality in 2020, a total of 2 206 771 new
cases were estimated, accounting for 11.4% of all new cancer
diagnoses.12 In addition, according to the Global Cancer
Observatory: Cancer Today statistics by the International
Agency for Research on Cancer (IARC), after breast and
prostate cancer, lung cancer had the third highest incidence
and mortality in Asia in 2020.13 In 2020, the Global Burden
of Disease (GBD) study reported that the worldwide health-
care burden and costs attributed to lung cancer are signifi-
cant.14 In males and females, the age-standardized
cumulative lifetime risk of lung cancer diagnosis is 3.8% and
1.77%, respectively.7,13 In Asia, the highest age-standardized
rate has been shown in Turkey and the lowest age-
standardized rate in Saudi Arabia.15,16

Lung cancer has several risk factors. Nonmodifiable
risk factors include; age, gender, family history and race/
ethnicity, and modifiable risk factors include; tobacco
smoking, cannabis smoking, asbestos, radon, arsenic, air
pollution, infection, and chronic obstructive pulmonary
diseases.17 Lung cancer is more prevalent among men,
individuals >60 years old, African Americans, and people
with a positive family history.17 Tobacco smoking is the
most important risk factor for lung cancer, and 81.7% of
lung cancer cases and 81.3% of lung cancer deaths are
closely related to cigarette smoking.18 In smokers, the rel-
ative risk of lung cancer is about 20-fold higher than in
nonsmokers.19 On the other hand, the worldwide inci-
dence of lung cancer is on the rise with increased indus-
trialization.20 In this study, the trends of incidence,
mortality, and burden of TBL cancer in Asia from 2010
through 2019 based on the sociodemographic index (SDI)
are described and these data compared with the trend in
global and other continents.

METHODS

Source data

The annual data for 49 Asian countries and territories and
six GBD regions, global and continents in the context of
incidence, prevalence, death, and the burden imposed by
TBL cancer were extracted from the GBD 2019. The GBD
2019 were accessed via the online data source Global Health
Data Exchange (GHDx) query tool (http://ghdx.healthdata.
org/gbd-results-tool) based on the International Classifica-
tion of Diseases 10 (ICD-10) (code [C56.9] for TBL cancer).
GBD estimates all available epidemiological data (incidence,
mortality, prevalence, year of life lost [YLL], years lived with
disability [YLD], and disability-adjusted life years [DALY])
by time, location, gender, and age group for the comparative
assessment of health loss due to 364 diseases and injuries
across 204 countries and territories from 1990 to 2019.21,22

In this study, data were extracted for various classifica-
tions of Asian countries on the basis of a sociodemographic
index (SDI), and six GBD regions of Asia from 2010 to 2019
and compared with worldwide and other continental data.
Specifically, we used data for North Africa and the Middle
East, given that 15 out of 21 GBD countries in North Africa
and the Middle East belong to West Asia. In Southeast
Asian countries, two were also from Africa.

GBD has developed a standardized international form of
quality-adjusted life year (QALY), known as the DALY, and
is defined as a wasted year of healthy living as a result of
premature death and years with a disability of specific sever-
ity and duration. "Premature" death is a death that occurs at
an age when a person’s death is not expected. The expected
age at death for a person is calculated based on the predicted
death for a certain age in a population standardized to the
population of Japan, which has the longest life expectancy at
birth in the world. The total number of DALYs for a given
condition within a population is equal to the sum of years of
life lost (YLLs) and years of disability of known severity and
duration (YLDs).23,24

The SDI is the geometric average of three indicators:
(1) lag-distributed income per capita, (2) average educa-
tional attainment of people aged 15 years and older, and
(3) the total fertility rate (in people aged <25 years).25 The
SDI is the reflection of levels of social and economic condi-
tions that can affect health outcomes in a given location.
Countries and territories were categorized into five groups
based on SDI values: low SDI (<0.45), low-middle SDI
(≥0.45 and <0.61), middle SDI (≥0.61 and <0.69), high-
middle SDI (≥0.69 and <0.80), and high SDI (≥0.80).26,27
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An age-standardized rate (ASR) is a weighted average of
the age-specific rates per 100 000 persons, where the weights
are the proportions of people within the corresponding age
groups of the WHO standard population. Age-standardized
rates take into account differences in the age distribution of
the population by applying the rates for each population to
a standardized population.28

Ethical considerations

The study was approved by the Ethics Committee of the
Jahrom University of Medical Sciences in Iran (IR.JUMS.
REC.1401.094). Informed consent was not necessary due to
the use of the anonymous online dataset.

Statistical analysis

To remove the influence of the composition of different age
groups within populations, incidence, prevalence, deaths,
DALY and age-standardized rates are expressed per 100 000
population. The data are reported as values with 95% confi-
dence intervals (CI). Selected epidemiological indicators are
presented separately for each classification system. To show
comparative changes in incidence, prevalence, mortality,
and age-standardized rates, the relative difference (%)
between years was used. The relative difference was calcu-
lated by dividing the value of the absolute difference by the
value of the year of origin, which was then multiplied by
100.29 The definition of what was used can be accessed via
https://www.healthdata.org/terms-defined and https://www.
healthdata.org/gbd/.

RESULTS

Morbidity of TBL cancer in Asia

Compared with global data and continents

In Asia, the number of TBL cancer incidences increased
from 975 361 (95% CI: 909 679–1 037 802) in 2010 to
1 305 525 (95% CI: 1 150 171–1 455 350) in 2019, which is
over a 1.34-fold increase. In 2019 approximately 58%
(1 305 525/2 259 998) of TBL cancer cases happened in
Asian countries. During this period, the ASIR of TBL cancer
with a 1% change, decreased from 28.08 (95% CI: 26.16–
29.89) per 100 000 in 2010 to 27.82 (95% CI: 24.56–30.95)
per 100 000 in 2019, while in the same time, this rate glob-
ally decreased by 5%, in America by 10%, and in Europe by
7% (Figure 1 and Table 1).

In Asian men, the number of TBL cancer incidences
increased from 695 259 (95% CI: 643 022–750 702) in 2010
to 906 593 (95% CI: 771 042–1 049 246) in 2019, which is
over a 1.3-fold increase. In 2019 approximately 69.4% of
Asia TBL cancer new cases, occurred in Asian men which

included 59.5% (906 593/1 522 773) of global male TBL
cancer incidence cases. During this period, the ASIR of TBL
cancer with a 3% change, decreased from 42.54 (95% CI:
39.28–45.84) per 100 000 in 2010 to 41.16 (95% CI: 35.32–
47.32) per 100 000 in 2019, while in the same time, this rate
globally decreased by 7%, in America and Europe by 12%
(Table 2).

In Asian women, the number of TBL cancer incidences
increased from 280 101 (95% CI: 256 006–302 969) in 2010
to 398 932 (95% CI: 339 662–464 457) in 2019, which is
over a 1.42-fold increase. In 2019 approximately 30.6% of
Asia TBL cancer new cases, occurred in Asian women which
included 54.1% (398 932/737 225) of global female TBL can-
cer incidence cases. During this period, the ASIR of TBL
cancer with a 5% change, increased from 15.48 (95% CI:
14.07–16.76) per 100 000 in 2010 to 16.21 (95% CI: 13.74–
18.85) per 100 000 in 2019, while in the same time, this rate
globally increased by 1%, in Africa by 12%, and in Europe
by 3%, and in American countries decreased by 8%
(Table 3).

Age distribution

In 2019, age-specific incidence cases of TBL cancer were
generally peaking at 65–74 years, 65–69 years in males, and
70–74 years in females. In all age groups, the incidence cases
of TBL cancer in males was higher, except in ages above
90 years which in females was higher (Figure 2).

Within Asian regions

In 2019, the highest ASIR of TBL was observed in East
Asian countries (41.31 [95% CI: 35.03–48.11]); without any
changes compared with 2010. While the Central Asia and
high-income Asia Pacific countries experienced a decreasing
trend of 10% and 7%, respectively; the South Asian coun-
tries experienced the highest increasing trend from 2010 to
2019 (by 7%) (Figure 3).

In men, the highest ASIR of TBL was observed in East
Asian countries (61.06 [95% CI: 48.89–73.86]); with a 1%
decrease compared with 2010. While the Central Asia and
high-income Asia Pacific countries experienced a decreasing
trend of 8% and 14%, respectively; the Southeast Asia coun-
tries experienced an increasing trend from 2010 to 2019
by 1%.

In women, the highest ASIR of TBL was observed in
East Asian countries (24.55 [95% CI: 19.85–29.85]) in 2019,
these countries and other countries experienced an increas-
ing trend from 2010 to 2019 except high-income Asia
Pacific countries that experienced a decreasing trend by 2%.
South Asia countries experienced the highest increasing
trend from 2010 to 2019 (by 32%).

Among high SDI Asian countries, Brunei Darussalam
(46.15) and the Republic of Korea (35.61) had the highest
ASIR of TBL, and Saudi Arabia (8.77) had the lowest rate.
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Based on SDI

Among high SDI Asian countries, Brunei Darussalam
(45.16) and the Republic of Korea (35.61) had the highest

ASIR of TBL, and Saudi Arabia (8.77) had the lowest rate.
Among high-middle SDI Asian countries, Turkey (33.08)
and Georgia (31.14) had the highest ASIR of TBL, and
Sri Lanka (9.71) had the lowest rate. Among middle SDI
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Asian countries, China (41.71) and Armenia (33.81) had the
highest ASIR of TBL, and Turkmenistan (9.90) had the low-
est rate. Among low-middle SDI Asian countries, Mongolia
(31.19) and the Democratic People’s Republic of Korea
(27.87) had the highest ASIR of TBL, and Bangladesh (7.43)
had the lowest rate. Among low SDI Asian countries,
Pakistan (16.43) had the highest ASIR of TBL, and Nepal
(8.03) had the lowest rate. Further details are presented in
Table 4.

National comparison

Among Asian countries, 20 countries experienced an
increasing trend in the TBL cancer morbidity rate between
2010 and 2019; the greatest increase was detected in Iraq
(increase in ASIR = 0.21 [95% CI: 0–0.46]) and the greatest
decrease was detected in the United Arab Emirates (decrease
in ASIR = �0.18 [95% CI: �0.37–0.06]) (Figure 4).

In 2019, the highest ASIR (per 100 000) of TBL cancer
was reported in Brunei Darussalam (46.15), China (41.71),
the Republic of Korea (35.61), Turkey (33.08), and Taiwan
(Province of China) (31.88). The lowest ASIR of TBL cancer
was reported in Bangladesh (7.43), India (7.7), Bhutan

(7.73), Nepal (8.03), and Saudi Arabia (8.77). The national
distribution of TBL cancer among men and women was the
same as the overall distribution; however, men in Georgia
had the highest ASIR rate (62.13). Detailed results are pre-
sented in Table 4.

Mortality of TBL cancer in Asia

Compared with global data and continents

In Asia, the number of TBL cancer deaths increased from
906 650 (95% CI: 846 561–964 850) in 2010 to 1 190 516 (95%
CI: 1 052 836–1 330 529) in 2019, which is over a 1.31-fold
increase. In 2019 more than 58% (1 190 516/2 042 640) of
TBL cancer deaths happened in Asian countries. During this
period, the ASDR of TBL cancer with a 3% change, decreased
from 26.66 (95% CI: 24.77–28.33) per 100 000 in 2010 to 25.76
(95% CI: 22.79–28.72) per 100 000 in 2019, while in the same
time, this rate globally decreased by 6%, in America by 10%,
and in Europe by 8% (Figure 1 and Table 1).

In Asian men, the number of TBL cancer deaths
increased from 646 099 (95% CI: 599 147–694 710) in 2010
to 825 738 (95% CI: 706 207–949 796) in 2019, which is
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F I G U R E 2 Age specific incidence cases of TBL cancer among sexes in Asia, 2019.
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over a 1.28-fold increase. In 2019 approximately 69.4% of
Asian TBL cancer deaths occurred in Asian men which
included 60% (825 738/1 386 094) of global male TBL

cancer death cases. During this period, the ASDR of TBL
cancer with a 6% change, decreased from 40.66 (95% CI:
37.75–43.57) per 100 000 in 2010 to 38.3 (95% CI: 33–

0
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43.79) per 100 000 in 2019, while in the same time, this rate
globally decreased by 9%, in America by 12% and in Europe
by 13% (Table 2).

In Asian women, the number of TBL cancer deaths
increased from 260 550 (95% CI: 238 233–282 526) in
2010 to 364 778 (95% CI: 312 089–421 085) in 2019,
which is over a 1.4-fold increase. In 2019 approximately
30.6% of Asian TBL cancer deaths occurred in Asian
women which included 55.6% (364 778 /656 546) of
global female TBL cancer incidence cases. During this
period, the age-standardized incidence rate (ASIR) of TBL
cancer with a 2% change, increased from 14.67 (95% CI:
13.35–15.92) per 100 000 in 2010 to 14.98 (95% CI: 12.81–
17.27) per 100 000 in 2019, while in the same time, this rate
globally experienced no changes, in Africa increased by 12%,
and in Europe by 2%; while in American countries decreased
by 8% (Table 3).

Age distribution

In 2019, age-specific death cases of TBL cancer were peaking
at 70–74 years generally, in males, and females. In all age
groups, death cases of TBL cancer in males were higher than
in females, except in ages above 90 years which in females
was higher (Figure 5).

Within Asian regions

In 2019, the highest ASDR of TBL was observed in East
Asian countries (38.38 [95% CI: 32.72–44.57]); with a 4%
decrease compared with 2010. While the Central Asia and
high-income Asia Pacific countries experienced a decreasing
trend of 7% and 11%, respectively; the South Asian coun-
tries experienced the highest increasing trend from 2010 to
2019 (by 6%) (Figure 3 and Table 1).

In men, the highest ASDR of TBL was observed in
East Asia countries (57.5 [95% CI: 46.25–69.74]); with a
5% decrease compared with 2010. While Central Asia,
High-income Asia Pacific, North Africa and Middle East
countries experienced a decreasing trend of 9, 15, and 3%,
respectively; the South Asian and Southeast Asian coun-
tries experienced a stable trend from 2010 to 2019
(Table 2).

In women, the highest ASDR of TBL was observed in
Southeast Asian countries (13.36 [95% CI: 10.19–16.57]) in
2019; other countries experienced an increasing trend from
2010 to 2019, except high-income Asia Pacific countries
who experienced a decreasing trend by 3% from 2010 to
2019 and East Asia experienced a stable trend. Other coun-
tries experienced an increasing trend from 2% to 31%. South
Asian countries experienced the highest increasing trend
from 2010 to 2019 (by 31%) (Table 3).
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F I G U R E 4 The relative change (%) in age-standardized incidence rate (ASIR), age-standardized death rate (ASMR), age-standardized DALYs rate
(DALYs ASR), and age-standardized prevalence rate (ASPR) of TBL cancer in Asian countries from 1990 to 2019.
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Based on SDI

Among high SDI Asian countries, Brunei Darussalam
(44.83) and Taiwan (Province of China) (30.35) had the
highest ASDR of TBL, and Saudi Arabia (9.14) had the low-
est rate. Among high-middle SDI Asian countries, Turkey
(33.77) and Georgia (30.57) had the highest ASDR of TBL,
and Sri Lanka (9.78) had the lowest rate. Among middle
SDI Asian countries, China (38.70) and Armenia (31.62)
had the highest ASIR of TBL, and Turkmenistan (9.86) had
the lowest rate. Among low-middle SDI Asian countries,
Mongolia (33.35) and the Democratic People’s Republic of
Korea (28.54) had the highest ASDR of TBL, and
Bangladesh (7.81) had the lowest rate. Among low SDI
Asian countries, Pakistan (17.16) had the highest ASDR of
TBL, and Nepal (8.62) had the lowest rate. Further details
are presented in Table 5.

National comparison

Among Asian countries, 31 countries experienced a decreas-
ing trend in the TBL cancer mortality rate between 2010
and 2019; the greatest increase was detected in Iraq (increase
in ASDR = 0.21 [95% CI: 0.01–0.45]) and the greatest
decrease was detected in the United Arab Emirates (decrease
in ASDR = �0.18 [95% CI: �0.38–0.06]) (Figure 4).

In 2019, the highest ASDR (per 100 000) of TBL cancer
was reported in Brunei Darussalam (44.83), China (38.7),
Turkey (33.77), Mongolia (33.35), and Armenia (31.62). The
lowest ASDR of TBL cancer was reported in Bangladesh
(7.81), India (8.07), Bhutan (8.26), Nepal (8.62), and
Saudi Arabia (9.14).

The national distribution of TBL cancer among men was
the same as the overall distribution; however, men in
Georgia had the second highest ASIR rate (61.47).

The national distribution of TBL cancer among women
is different: the highest ASDR (per 100 000) of TBL cancer was
reported in Brunei Darussalam (36.09), China (22.86), Taiwan
(Province of China) (21.16), Lebanon (16.51), and Democratic
People’s Republic of Korea (16.34). The lowest ASDR (per
100 000) of TBL cancer was reported in Bangladesh (3.62),
Yemen (4.34), Bhutan (4.5), Turkmenistan (4.55), and India
(4.7). Detailed results are presented in Table 5.

Prevalence of TBL cancer in Asia

Compared with global data and continents

In Asia, the number of cases who lived with TBL cancer
increased from 1 308 776 (95% CI: 1 225 459–1 392 332) in
2010 to 1 820 539 (95% CI: 1 605 530–2 034 496) in 2019,
which is a 1.4-fold increase. In 2019 approximately 57%
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F I G U R E 5 Age specific death cases of TBL cancer among sexes in Asia, 2019.
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(1 820 539/3 212 307) of TBL cancer prevalence happened
in Asian countries. During this period, the ASPRof TBL can-
cer with a 4% change, increased from 36.35 (95% CI: 34.01–
38.67) per 100 000 in 2010 to 37.81 (95% CI: 33.46–42.14)
per 100 000 in 2019, while in the same time, this rate glob-
ally decreased by 2%, in America by 12%, and in Europe by
5% (Figure 1 and Table 1).

In Asian men, the number of TBL cancer prevalence
increased from 928 147 (95% CI: 861 104–1 000 537) in
2010 to 1 257 715 (95% CI: 1 069 513–1 462 350) in 2019,
which is over a 1.36-fold increase. In 2019 approximately
69.1% of patients who lived with TBL cancer in Asia, were
men which included 59.6% (1 257 715/2 109 409) of global
male TBL cancer prevalence cases. During this period, the
ASPR rate of TBL cancer with a 2% change, increased from
54.01 (95% CI: 50.08–58.12) per 100 000 in 2010 to 54.94
(95% CI: 46.96–63.32) per 100 000 in 2019, while in the
same time, this rate globally decreased by 5%, in America by
11% and in Europe by 11% (Table 2).

In Asian women, the number of TBL cancer prevalence
increased from 380 630 (95% CI: 349 763–411 327) in 2010
to 562 824 (95% CI: 480 164–653 889) in 2019, which is
over a 1.48-fold increase. In 2019 approximately 30.9% of
patients who lived with TBL cancer in Asia, were women
which included 51% (562 824/1 102 899) of global female
TBL cancer prevalence cases. During this period, the ASPR
of TBL cancer with a 10% change, increased from 20.43
(95% CI: 18.67–22.08) per 100 000 in 2010 to 22.49 (95%
CI: 19.21–26.12) per 100 000 in 2019, while in the same
time, this rate globally increased by 2%, in Africa by 14%,
and in Europe by 5%; while in American countries
decreased by 10% (Table 3).

Age distribution

In 2019, age-specific prevalence cases of TBL cancer were
peaking at 65–69 years generally, in males, and females. In
all age groups, the prevalence cases of TBL cancer in males
was higher than in females, except in ages above 95 years
which in females was higher (Figure 6).

Within Asian regions

In 2019, the highest ASPR of TBL was observed in high-
income Asia Pacific countries (74.32 [95% CI: 63.96–
85.75]); with an 8% decrease compared with 2010. While
these countries and Central Asia countries experienced a
decreasing trend of 8% and 5%, respectively, other Asian
countries experienced an increasing trend from 2010 to
2019 (by 3%–11%) (Figure 3).

In men, the highest ASPR of TBL was observed in High-
income Asia Pacific countries at (114.22 [95% CI: 95.69–
135.71]); with an 11% decrease compared with 2010. While
these countries, Central Asia, and North Africa and Middle
East countries experienced a decreasing trend of 11, 7, andT
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3%, respectively, other Asian countries experienced an
increasing trend from 2010 to 2019 (by 1%–9%) (Table 2).

In women, the highest ASPR of TBL was observed in
high-income Asia Pacific countries (40.86 [95% CI: 34.13–
48.03]); with a 1% decrease compared with 2010. Other
countries experienced an increasing trend from 2010 to
2019 (by 6%–33%). The highest increase was reported in
South Asian countries (33%). (Table 3).

Based on SDI

Among high SDI Asian countries, the Republic of Korea
(75.66) and Japan (74.49) had the highest ASPR of TBL,
and Saudi Arabia (9.01) had the lowest rate. Among high-
middle SDI Asian countries, Turkey (34.95) and Georgia
(34.83) had the highest ASPR of TBL, and Oman (9.74)
had the lowest rate. Among middle SDI Asian countries,
China (55.13) and Armenia (35.13) had the highest ASPR
of TBL, and Turkmenistan (10.826) had the lowest rate.
Among low-middle SDI Asian countries, Mongolia
(29.55) and the Democratic People’s Republic of Korea
(29.05) had the highest ASPR of TBL, and Bangladesh
(7.40) had the lowest rate. Among low SDI Asian coun-
tries, Pakistan (16.44) had the highest ASPR of TBL, and
Nepal (7.71) had the lowest rate. Further details are pre-
sented in Table 6.

National comparison

Among Asian countries, 22 countries experienced a decreas-
ing trend in the TBL cancer mortality rate between 2010
and 2019; the greatest increase was detected in Iraq (increase
in ASPR = 0.22 [95% CI: 0–0.48]) and the greatest decrease
was detected in Oman (decrease in ASPR = �0.17 [95% CI:
�0.33–0.04]) (Figure 4).

In 2019, the highest ASPR (per 100 000) of TBL cancer
was reported in the Republic of Korea (75.66), Japan
(74.49), Singapore (61.39), China (55.13), and Brunei Darus-
salam (54.57). The lowest ASPR of TBL cancer was reported
in Bangladesh (7.4), Bhutan (7.58), India (7.63), Nepal
(7.71), and Saudi Arabia (9.01).

In Asian men, the highest ASPR (per 100 000) of TBL
cancer was reported among men Republic of Korea
(118.34), Japan (114.78), China (79), Singapore (78.05), and
Georgia (68.25). The lowest ASPR (per 100 000) of TBL can-
cer was reported in Saudi Arabia (10.62), Bhutan (10.78),
India (10.95), Nepal (10.97), and Bangladesh (11.06).

In women, the highest ASPR (per 100 000) of TBL can-
cer was reported in Brunei Darussalam (47.91), Singapore
(46.9), the Republic of Korea (41.95), Japan (40.36), and
China (33.69). The lowest ASPR (per 100 000) of TBL can-
cer was reported in Bangladesh (3.43), Yemen (4.18),
Bhutan (4.23), India (4.48), and Nepal (4.71). Detailed
results are presented in Table 6.
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F I G U R E 6 Age specific prevalence cases of TBL cancer among sexes in Asia, 2019.
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Burden of TBL cancer in Asia

Comparison with global data and continents

In Asia, the number of TBL cancer DALYs increased from
21 516 974 (95% CI: 20 162 682–22 913 727) in 2010
to 27 120 537 (95% CI: 23 951 875–30 414 194) in 2019,
which is a 1.26-fold increase. In 2019 more than 59%
(27 120 537/45 857 963) of TBL cancer DALYs happened in
Asian countries. During this period, the age-standardized
DALYs rate (DALYs ASR) of TBL cancer with a 4% change,
decreased from 579.16 (95% CI: 543.52–616.66) per 100 000
in 2010 to 553.68 (95% CI: 488.57–619.78) per 100 000 in
2019, in the same period, this rate globally decreased by 7%,
in America by 11%, and in Europe by 510%, Africa by 1%
(Figure 1 and Table 1).

In Asian men, the number of TBL cancer DALYs increased
from 15 471 795 (95% CI: 14 340 748–16 696 371) in 2010 to
19 032 930 (95% CI: 16 188 395–21 991 610) in 2019, which is
over a 1.23-fold increase. In 2019 approximately 70.2% of TBL
cancer DALYs in Asia, occurred in men which included
60.3% (19 032 930/31 582 258) of global male TBL can-
cer DALYs cases. During this period, the DALYs ASR
rate of TBL cancer with a 7% change, decreased from
862.61 (95% CI: 800.85–929.03) per 100 000 in 2010 to
806.43 (95% CI: 688.15–928.33) per 100 000 in 2019, in
the same period, this rate globally decreased by 10%, in
America by 13%, in Europe by 14%, and Africa by 3%
(Table 2).

In Asian women, the number of TBL cancer DALYs
increased from 6 045 179 (95% CI: 5 551 988–6 575 776) in
2010 to 8 087 606 (95% CI: 6 962 536–9 358 865) in 2019,
which is over a 1.34-fold increase. In 2019, approximately
29.8% of DALYs related to TBL cancer in Asia were women
which included 56.6% (8 087 606/14 275 706) of global
female TBL cancer DALYs cases. During this period, the
DALYs ASR rate of TBL cancer with a 1% change, increased
from 316.95 (95% CI: 290.95–344.55) per 100 000 in 2010 to
321.18 (95% CI: 276.65–371.34) per 100 000 in 2019, while
in the same time, this rate globally decreased by 1%, and in
American countries decreased by 10%. European countries
experienced a stable trend and African countries experi-
enced an increasing trend of 11% (Table 3).

Age distribution

In 2019, age-specific DALYs cases of TBL cancer peaked at
65–69 years generally, in males, and females. In all age
groups, DALYs cases of TBL cancer in males were higher
than in females, except in ages above 90 years which in
females was higher (Figure 7).

Within Asian regions

In 2019, the highest DALYs ASR of TBL was observed in
East Asian countries (825.81 [95% CI: 696.85–969.46]); with
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F I G U R E 7 Age specific DALYs cases of TBL cancer among sexes in Asia, 2019.

REZAEI ET AL. 1695



T
A
B
L
E

7
T
he

D
A
LY

s
of

T
B
L
ca
nc
er

in
A
si
an

co
un

tr
ie
s
in

20
10

an
d
20
19

an
d
th
e
te
m
po

ra
lt
re
nd

s
be
tw
ee
n
20
10

an
d
20
19
,b
y
ge
og
ra
ph

ic
al
re
gi
on

an
d
SD

I.

B
ot
h

M
al
e

20
10

20
19

%
ch
an

ge

20
10

–2
01
0

20
10

20
19

%
ch
an

ge

20
10

‐2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
u
m
be
r

A
SR

pe
r

10
0
00
0

lo
w
er

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

H
ig
h
SD

I

B
ru
ne
iD

ar
us
sa
la
m

0.
82
3

17
36

88
1.
93

25
78

86
7.
69

‐0
.0
2

96
4

11
17
.6
4

14
02

10
86
.9
4

‐0
.0
3

(1
57
9–
19
14
)

(8
06
.2
9–
96
7.
48
)

(2
26
8–
29
23
)

(7
68
.5
3–
97
5.
37
)

(‐
0.
14
–0
.1
3)

(8
52
–1
08
9)

(9
90
.1
–1
25
1.
24
)

(1
16
3–
16
66
)

(9
17
.8
3–
12
59
.1
2)

(‐
0.
19
–0
.1
5)

C
yp
ru
s

0.
84
1

78
51

54
3.
85

96
77

49
6.
50

‐0
.0
9

61
46

90
5.
87

74
98

79
6.
91

‐0
.1
2

(7
36
5–
83
73
)

(5
11
.2
8–
58
0.
29
)

(8
51
1–
10

94
8)

(4
37
.2
9–
56
2.
21
)

(‐
0.
2–
0.
03
)

(5
71
7–
66
29
)

(8
44
.6
1–
97
5.
76
)

(6
52
7–
85
59
)

(6
95
.1
2–
91
1.
42
)

(‐
0.
24
–0
.0
1)

Is
ra
el

0.
80
3

45
04
5

53
0.
55

52
63
7

47
8.
11

‐0
.1
0

30
99
2

79
2.
34

35
76
9

69
4.
47

‐0
.1
2

(4
3
22
0–
46

60
1)

(5
09
.7
5–
54
8.
41
)

(4
9
09
5–
55

90
7)

(4
46
.6
9–
50
7.
47
)

(‐
0.
16
–‐
0.
04
)
(2
9
74
3–
32

19
4)

(7
61
.0
6–
82
3.
47
)

(3
3
30
2–
38

34
7)

(6
46
.7
2–
74
5.
22
)

(‐
0.
18
–‐
0.
06
)

Ja
pa
n

0.
87

1
35
4
94
2

47
5.
84

1
34
7
36
5

40
8.
04

‐0
.1
4

1
00
5
35
5

77
8.
59

96
6
16
9

63
8.
55

‐0
.1
8

(1
24
4
98
8–
1
40
9
97
1)

(4
45
.3
–4
91
.4
2)

(1
21
1
16
8–
1
42
6
79
0)

(3
78
.6
7–
42
7.
43
)

(‐
0.
17
–‐
0.
12
)
(9
45

82
5–
1
03
7
35
2)

(7
37
.0
5–
80
1.
79
)

(8
90

89
6–
1
01
7
88
6)

(5
95
.3
–6
69
.4
3)

(‐
0.
21
–‐
0.
15
)

K
uw

ai
t

0.
85
1

31
87

22
1.
34

55
41

21
4.
80

‐0
.0
3

24
29

27
8.
57

42
63

28
7.
61

0.
03

(2
98
3–
33
86
)

(2
05
.8
4–
23
5.
27
)

(4
53
9–
66
83
)

(1
74
.6
8–
26
0.
68
)

(‐
0.
21
–0
.1
8)

(2
24
4–
26
10
)

(2
57
.3
7–
29
8.
19
)

(3
27
7–
53
48
)

(2
22
.7
2–
36
0.
28
)

(‐
0.
19
–0
.3
)

Q
at
ar

0.
83

20
37

45
7.
40

34
97

37
3.
88

‐0
.1
3

17
42

55
5.
43

29
25

42
6.
90

‐0
.2
3

(1
63
8–
25
34
)

(3
73
.5
8–
55
6.
09
)

(2
44
2–
48
60
)

(2
79
.2
1–
49
1.
27
)

(‐
0.
2–
‐0
.0
5)

(1
33
9–
22
14
)

(4
40
.0
5–
69
1.
03
)

(1
98
5–
41
80
)

(3
15
.7
4–
57
2.
97
)

(‐
0.
45
–0
.0
6)

R
ep
ub

lic
of

K
or
ea

0.
87
8

36
3
21
4

57
2.
49

44
8
17
7

49
8.
37

‐0
.0
5

27
0
50
1

98
9.
99

32
9
78
0

81
2.
08

‐0
.1
8

(3
45

90
8–
38
5
46
5)

(5
43
.4
5–
60
8.
08
)

(4
07

15
0–
48
9
98
7)

(4
52
.2
8–
54
5.
03
)

(‐
0.
24
–0
.1
5)

(2
58

26
0–
28
9
25
8)

(9
42
.8
1–
10
57
.2
2)

(2
95

92
2–
36
5
42
0)

(7
26
.9
3–
89
6.
9)

(‐
0.
26
–‐
0.
09
)

Sa
ud

iA
ra
bi
a

0.
80
5

30
00
4

21
9.
72

45
48
8

20
8.
01

‐0
.0
6

22
27
2

28
8.
97

32
83
8

26
0.
49

‐0
.1
0

(2
6
19
0–
34

82
4)

(1
96
.7
3–
25
1.
56
)

(3
4
46
9–
57

17
2)

(1
62
.6
2–
25
3.
25
)

(‐
0.
32
–0
.2
7)

(1
9
36
7–
26

30
7)

(2
58
.7
6–
33
8.
48
)

(2
4
49
3–
41

86
4)

(1
99
.9
2–
32
4.
97
)

(‐
0.
29
–0
.1
2)

Si
ng
ap
or
e

0.
86
1

25
67
8

50
8.
08

32
00
8

40
6.
24

‐0
.0
5

17
17
9

73
2.
85

20
88
3

54
9.
33

‐0
.2
5

(2
4
50
1–
26

64
2)

(4
81
.5
6–
52
7.
39
)

(2
9
53
3–
34

27
1)

(3
73
.2
4–
43
5.
04
)

(‐
0.
29
–0
.2
4)

(1
6
38
8–
17

91
2)

(6
94
.3
1–
76
3.
13
)

(1
9
02
4–
22

40
7)

(4
99
.2
2–
59
0.
64
)

(‐
0.
32
–‐
0.
19
)

T
ai
w
an

(P
ro
vi
nc
e

of
C
hi
na
)

0.
86
8

20
1
11
6

66
3.
19

25
0
04
2

63
8.
74

‐0
.1
1

13
0
64
2

88
9.
24

15
6
14
2

84
7.
27

‐0
.0
5

(1
91

56
9–
20
8
01
5)

(6
30
.6
2–
68
6.
06
)

(1
95

26
4–
32
3
02
4)

(5
00
.0
4–
82
4.
72
)

(‐
0.
35
–0
.2
)

(1
24

68
9–
13
5
61
2)

(8
47
.6
8–
92
3.
17
)

(1
22

38
5–
20
4
20
4)

(6
65
.1
6–
11
01
.6
6)

(‐
0.
26
–0
.2
4)

U
ni
te
d
A
ra
b
E
m
ir
at
es

0.
88

70
69

49
1.
67

16
69
8

40
6.
46

0.
07

55
64

54
9.
42

13
40
6

46
8.
70

‐0
.1
5

(5
63
4–
86
36
)

(4
04
.4
4–
58
4.
94
)

(1
2
06
6–
22

16
6)

(2
95
.0
9–
55
9.
14
)

(‐
0.
11
–0
.2
7)

(4
35
2–
69
03
)

(4
38
.2
9–
66
9.
67
)

(9
52
8–
18

30
8)

(3
43
.4
–6
45
.6
6)

(‐
0.
33
–0
.0
9)

H
ig
h‐
m
id
dl
e
SD

I

B
ah
ra
in

0.
75
1

21
62

48
5.
53

35
46

39
2.
08

‐0
.1
9

16
18

68
7.
65

26
77

51
8.
94

‐0
.2
5

(1
89
8–
24
50
)

(4
29
.2
–5
42
.6
6)

(2
67
5–
47
51
)

(2
94
.9
6–
50
3.
78
)

(‐
0.
37
–0
.0
2)

(1
38
3–
18
65
)

(5
96
.7
9–
78
3.
11
)

(1
93
1–
37
10
)

(3
86
.8
8–
68
4.
76
)

(‐
0.
43
–‐
0.
01
)

G
eo
rg
ia

0.
70
2

43
53
1

79
7.
62

45
74
3

82
8.
59

0.
04

37
07
9

15
56
.1
0

39
35
8

16
23
.5
5

0.
04

(3
9
54
1–
47

49
4)

(7
24
.6
2–
87
2.
98
)

(3
7
92
5–
54

18
8)

(6
84
.0
5–
98
0.
38
)

(‐
0.
16
–0
.2
6)

(3
3
18
4–
40

91
6)

(1
38
5.
03
–1
71
8.
34
)
(3
2
60
1–
46

93
8)

(1
34
3.
63
–1
92
5.
24
)
(‐
0.
16
–0
.2
8)

Jo
rd
an

0.
73
1

12
95
2

36
0.
35

24
23
1

33
8.
02

‐0
.0
6

10
21
7

55
6.
96

18
65
3

49
7.
83

‐0
.1
1

(1
1
48
5–
14

70
6)

(3
21
.0
8–
40
5.
56
)

(1
9
81
7–
29

41
3)

(2
76
.6
1–
40
9.
77
)

(‐
0.
25
–0
.1
4)

(8
91
6–
11

73
0)

(4
88
.6
1–
63
6.
3)

(1
4
27
7–
23

72
1)

(3
85
.8
3–
62
8.
29
)

(‐
0.
32
–0
.1
4)

1696 REZAEI ET AL.



T
A
B
L
E

7
(C
on

ti
nu

ed
)

B
ot
h

M
al
e

20
10

20
19

%
ch
an

ge

20
10

–2
01
0

20
10

20
19

%
ch
an

ge

20
10

‐2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
u
m
be
r

A
SR

pe
r

10
0
00
0

lo
w
er

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

K
az
ak
hs
ta
n

0.
72
3

10
0
15
7

66
7.
21

99
09
8

52
9.
99

‐0
.2
1

82
59
5

13
31
.2
3

79
48
9

10
11
.2
2

‐0
.2
4

(9
5
15
0–
10
5
76
1)

(6
33
.8
7–
70
3.
56
)

(8
4
11
9–
11
4
54
7)

(4
52
.0
1–
60
8.
74
)

(‐
0.
33
–‐
0.
07
)
(7
7
60
9–
88

47
2)

(1
25
2.
99
–1
42
0.
47
)
(6
6
64
6–
93

30
5)

(8
56
.3
2–
11
79
.9
5)

(‐
0.
36
–‐
0.
11
)

Le
ba
no

n
0.
70
8

27
61
4

65
3.
49

32
71
2

62
9.
57

‐0
.0
4

19
89
3

98
5.
74

21
76
2

92
6.
00

‐0
.0
6

(2
3
46
4–
34

89
1)

(5
55
.9
1–
82
5.
18
)

(2
6
40
3–
42

58
5)

(5
07
.2
9–
81
7.
1)

(‐
0.
19
–0
.1
3)

(1
6
58
0–
25

36
7)

(8
24
.2
1–
12
55
.0
3)

(1
7
02
3–
28

49
4)

(7
25
.1
3–
12
15
.3
8)

(‐
0.
21
–0
.1
1)

M
al
ay
si
a

0.
73
7

99
29
6

49
2.
31

12
5
45
4

45
2.
95

‐0
.0
8

70
05
1

69
4.
58

88
68
2

64
0.
66

‐0
.0
8

(9
1
03
1–
10
8
91
3)

(4
49
.6
2–
54
1.
33
)

(9
5
77
2–
15
8
72
1)

(3
49
.0
1–
57
3.
29
)

(‐
0.
29
–0
.1
6)

(6
3
60
5–
77

17
0)

(6
30
.7
4–
76
7.
54
)

(6
7
49
0–
11
3
25
8)

(4
90
.4
1–
81
6.
72
)

(‐
0.
29
–0
.1
7)

O
m
an

0.
78
3

31
45

27
5.
24

38
76

21
1.
73

‐0
.0
6

23
43

36
9.
58

27
55

27
4.
30

‐0
.2
6

(2
85
6–
34
50
)

(2
50
.8
1–
30
2.
08
)

(3
00
2–
52
45
)

(1
70
.6
6–
26
7.
77
)

(‐
0.
3–
0.
27
)

(2
10
8–
26
12
)

(3
32
.6
3–
41
1.
06
)

(2
01
8–
40
78
)

(2
11
.8
4–
36
6.
38
)

(‐
0.
42
–0
.0
1)

Sr
iL

an
ka

0.
69

50
70
0

24
6.
24

61
12
5

23
1.
39

‐0
.0
4

37
66
7

39
7.
26

42
87
0

35
5.
96

‐0
.1
0

(4
7
61
4–
53

91
7)

(2
31
.9
–2
61
.6
3)

(4
4
05
5–
83

50
1)

(1
67
.5
4–
31
5.
61
)

(‐
0.
25
–0
.2
4)

(3
4
73
9–
40

50
0)

(3
68
.4
2–
42
5.
46
)

(2
9
68
5–
60

57
1)

(2
48
.3
8–
49
8.
89
)

(‐
0.
37
–0
.2
5)

T
ur
ke
y

0.
74
8

60
6
72
3

86
8.
40

74
3
63
7

81
4.
58

0.
15

52
1
56
4

15
64
.6
1

62
5
68
2

14
31
.8
6

‐0
.0
8

(5
35

32
9–
68
5
64
9)

(7
66
.1
6–
98
2.
9)

(5
85

40
8–
92
9
19
9)

(6
43
.7
7–
10
17
)

(‐
0.
1–
0.
45
)

(4
55

48
5–
59
3
19
4)

(1
37
2.
32
–1
78
0.
42
)
(4
93

49
0–
78
7
34
1)

(1
13
2.
21
–1
79
6.
08
)
(‐
0.
3–
0.
2)

M
id
dl
e
SI
D

A
rm

en
ia

0.
68
9

32
93
1

88
1.
64

32
53
0

77
2.
08

‐0
.1
2

27
38
3

16
79
.9
8

26
98
9

14
56
.8
2

‐0
.1
3

(3
1
61
0–
34

42
0)

(8
47
.7
3–
91
9.
95
)

(2
7
09
7–
38

70
0)

(6
44
.0
4–
91
9.
53
)

(‐
0.
27
–0
.0
5)

(2
6
16
6–
28

75
3)

(1
60
7.
69
–1
76
5.
83
)
(2
2
43
7–
32

35
4)

(1
21
5.
4–
17
53
.2
8)

(‐
0.
28
–0
.0
4)

A
ze
rb
ai
ja
n

0.
68
3

50
52
8

62
7.
24

67
38
4

61
5.
53

‐0
.0
2

40
88
5

11
03
.5
0

55
02
0

10
83
.2
1

‐0
.0
2

(4
2
84
8–
57

71
1)

(5
31
.9
6–
71
2.
77
)

(4
9
09
6–
86

48
4)

(4
53
.4
9–
77
8.
51
)

(‐
0.
21
–0
.2
1)

(3
3
34
4–
47

89
3)

(9
05
.0
6–
12
86
.3
1)

(3
7
05
6–
73

91
1)

(7
39
–1
43
7.
01
)

(‐
0.
25
–0
.2
7)

C
hi
na

0.
68
6

13
70
6
78
7

87
8.
34

17
12
8
58
4

83
1.
27

‐0
.0
5

9
75
0
17
4

12
85
.6
7

11
96
7
76
7

12
03
.7
8

‐0
.0
6

(1
2
49
0
81
7–
14

98
6
26
5)

(8
02
.0
7–
95
6.
93
)

(1
4
34
0
49
1–
20

23
1
34
2)

(6
99
.1
1–
97
9.
99
)

(‐
0.
22
–0
.1
4)

(8
65
2
61
7–
10

93
3
56
3)

(1
14
8.
32
–1
43
4.
13
)
(9

37
4
36
7–
14

95
2
33
5)

(9
50
.1
9–
14
95
.1
)

(‐
0.
27
–0
.1
9)

In
do

ne
si
a

0.
66

95
1
02
0

53
1.
75

1
27
9
98
1

55
5.
79

0.
05

65
2
01
1

77
1.
88

87
2
36
1

79
5.
96

0.
03

(7
68

97
0–
1
11
8
59
8)

(4
32
.6
7–
62
2.
97
)

(9
27

62
6–
1
59
6
04
0)

(4
04
.2
1–
68
5.
35
)

(‐
0.
15
–0
.2
6)

(5
22

69
4–
80
8
74
3)

(6
27
.8
2–
94
0.
17
)

(6
32

43
4–
1
17
0
97
9)

(5
84
.5
5–
10
45
.6
1)

(‐
0.
21
–0
.3
3)

Ir
an

(I
sl
am

ic

R
ep
ub

lic
of
)

0.
67

14
5
18
4

25
5.
72

21
8
99
0

28
6.
82

0.
12

10
4
03
6

36
9.
43

15
0
33
7

39
6.
94

0.
07

(1
39

54
7–
15
1
34
0)

(2
44
.3
8–
26
6.
88
)

(2
03

46
1–
23
4
52
3)

(2
66
.0
9–
30
7.
6)

(0
.0
5–
0.
2)

(9
9
26
6–
10
8
91
6)

(3
51
.1
1–
38
7.
4)

(1
37

47
1–
16
4
43
1)

(3
64
.0
5–
43
4.
82
)

(‐
0.
01
–0
.1
7)

Ir
aq

0.
67
1

66
02
8

38
8.
14

11
0
71
2

45
1.
59

0.
16

49
43
0

60
0.
79

79
46
3

67
5.
57

0.
12

(5
1
00
3–
82

49
7)

(3
03
.0
2–
48
0.
89
)

(8
4
17
8–
13
9
88
7)

(3
46
.0
4–
55
7.
52
)

(‐
0.
05
–0
.4
2)

(3
7
52
5–
62

97
1)

(4
58
.8
8–
75
9.
13
)

(6
0
51
7–
10
0
72
6)

(5
16
.6
6–
82
5.
13
)

(‐
0.
09
–0
.4
1)

P
hi
lip

pi
ne
s

0.
62
3

27
4
07
7

43
8.
06

37
3
17
7

44
3.
59

‐0
.1
8

20
1
09
9

68
4.
08

25
8
07
1

65
8.
20

‐0
.0
4

(2
49

03
3–
30
7
84
0)

(3
98
.8
1–
49
1.
29
)

(3
00

74
5–
45
8
87
4)

(3
59
.5
5–
54
3.
86
)

(‐
0.
39
–0
.0
8)

(1
76

96
4–
22
8
94
3)

(6
09
.2
7–
78
4.
78
)

(1
94

60
7–
33
4
68
6)

(4
99
.7
8–
84
8.
85
)

(‐
0.
28
–0
.2
5)

Sy
ri
an

A
ra
b
R
ep
ub

lic
0.
61
9

32
84
0

28
9.
91

36
95
1

27
4.
37

‐0
.1
0

24
53
6

41
8.
24

26
80
3

38
9.
30

‐0
.0
7

(2
6
86
4–
39

51
6)

(2
36
.8
1–
34
7.
76
)

(2
6
93
7–
49

53
8)

(2
02
.9
8–
36
3.
54
)

(‐
0.
3–
0.
14
)

(1
9
59
1–
30

23
7)

(3
35
.6
4–
51
3.
89
)

(1
9
32
0–
36

08
7)

(2
83
.3
6–
51
7.
06
)

(‐
0.
32
–0
.2
5)

T
ha
ila
nd

0.
68
7

43
7
87
9

57
5.
84

52
4
35
6

51
2.
94

0.
14

29
2
63
8

83
0.
38

34
8
20
3

73
5.
77

‐0
.1
1

(3
81

74
4–
49
5
01
5)

(5
03
.6
3–
64
9.
94
)

(3
89

89
1–
69
8
68
1)

(3
82
.7
5–
68
1.
94
)

(‐
0.
11
–0
.4
5)

(2
49

56
4–
33
6
18
8)

(7
09
.5
–9
53
.6
8)

(2
53

96
1–
46
5
75
2)

(5
38
.3
8–
97
7.
94
)

(‐
0.
36
–0
.2
2)

(C
on

ti
nu

es
)

REZAEI ET AL. 1697



T
A
B
L
E

7
(C
on

ti
nu

ed
)

B
ot
h

M
al
e

20
10

20
19

%
ch
an

ge

20
10

–2
01
0

20
10

20
19

%
ch
an

ge

20
10

‐2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
u
m
be
r

A
SR

pe
r

10
0
00
0

lo
w
er

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

T
ur
km

en
is
ta
n

0.
67

77
93

23
2.
03

11
91
5

26
5.
85

‐0
.1
7

58
68

38
7.
83

90
35

43
8.
57

0.
13

(7
37
9–
81
88
)

(2
20
.2
1–
24
4.
35
)

(9
35
7–
15

09
8)

(2
09
.7
1–
33
6.
07
)

(‐
0.
36
–0
.0
7)

(5
47
9–
62
43
)

(3
63
.7
4–
41
1.
91
)

(7
00
9–
11

54
6)

(3
43
.7
4–
55
2.
56
)

(‐
0.
12
–0
.4
4)

U
zb
ek
is
ta
n

0.
63
1

53
63
8

30
0.
38

80
57
0

32
0.
85

0.
05

38
99
5

49
0.
90

57
82
4

51
0.
33

0.
04

(5
1
09
1–
56

33
4)

(2
86
.4
1–
31
4.
34
)

(6
6
29
5–
96

84
1)

(2
66
.5
3–
38
0.
72
)

(‐
0.
16
–0
.2
8)

(3
6
60
7–
41

50
9)

(4
62
.7
9–
52
0.
87
)

(4
7
02
8–
70

21
3)

(4
21
.6
4–
61
0.
42
)

(‐
0.
15
–0
.2
6)

V
ie
tn
am

0.
61
7

46
8
29
4

63
9.
58

67
6
89
4

66
8.
83

‐0
.2
0

34
7
14
4

10
79
.8
6

49
8
96
5

11
02
.4
0

0.
02

(4
0
62
80
–5
41

94
0)

(5
57
.9
3–
73
6.
21
)

(5
14

96
6–
87
3
76
5)

(5
12
.0
2–
85
3.
16
)

(‐
0.
25
–‐
0.
15
)
(3
00

37
4–
39
8
44
1)

(9
50
.7
4–
12
29
.8
5)

(3
74

94
3–
64
4
02
6)

(8
37
.9
5–
14
02
.6
1)

(‐
0.
19
–0
.2
6)

Lo
w
‐m

id
dl
e
SD

I

B
an
gl
ad
es
h

0.
48
3

17
5
07
0

18
8.
69

24
5
78
9

18
1.
71

‐0
.0
4

14
2
31
8

28
8.
19

18
8
73
6

27
1.
23

‐0
.0
6

(1
28

45
5–
24
1
80
3)

(1
39
.9
9–
25
7.
39
)

(1
58

42
6–
38
5
21
8)

(1
17
.7
5–
28
4.
34
)

(‐
0.
29
–0
.2
6)

(1
03

83
4–
19
8
82
7)

(2
12
.8
7–
39
8.
06
)

(1
19

49
6–
30
9
96
5)

(1
72
.1
5–
44
1.
53
)

(‐
0.
34
–0
.2
6)

B
hu

ta
n

0.
45
5

81
4

17
5.
54

10
72

18
4.
25

0.
05

61
2

25
4.
70

77
4

26
1.
11

0.
03

(6
15
–1
06
7)

(1
32
.7
8–
23
0.
05
)

(7
64
–1
47
4)

(1
32
.4
6–
25
3.
15
)

(‐
0.
13
–0
.2
7)

(4
16
–8
36
)

(1
71
.6
6–
34
6.
08
)

(5
04
–1
09
4)

(1
67
.9
3–
37
0.
95
)

(‐
0.
16
–0
.2
4)

C
am

bo
di
a

0.
46
9

52
25
1

57
9.
09

76
02
6

60
6.
82

0.
05

38
54
0

10
42
.5
3

54
88
0

10
62
.3
7

0.
02

(4
3
25
9–
63

79
7)

(4
82
.1
2–
71
2.
77
)

(5
8
76
7–
94

33
4)

(4
73
.9
5–
75
0.
69
)

(‐
0.
14
–0
.2
5)

(3
0
94
4–
48

29
9)

(8
46
.0
7–
13
34
.5
4)

(4
2
14
7–
69

43
8)

(8
17
.6
6–
13
58
.8
)

(‐
0.
17
–0
.2
3)

D
em

oc
ra
ti
c
P
eo
pl
e'
s

R
ep
ub

lic
of

K
or
ea

0.
55
8

20
5
14
1

73
5.
45

23
5
43
7

71
2.
30

‐0
.0
3

14
1
80
0

12
20
.5
8

16
1
70
7

11
26
.8
6

‐0
.0
8

(1
5
45
25
–2
70

70
7)

(5
56
.3
7–
96
2.
31
)

(1
77

71
7–
30
6
19
3)

(5
39
.3
2–
92
0.
19
)

(‐
0.
18
–0
.1
5)

(9
9
39
7–
19
7
10
4)

(8
76
.9
2–
16
66
.8
8)

(1
13

81
6–
22
1
45
1)

(8
15
.6
9–
15
14
.4
)

(‐
0.
22
–0
.1
)

In
di
a

0.
56
6

1
58
4
20
5

17
4.
72

2
27
5
22
5

19
0.
16

0.
09

1
19
6
73
2

26
8.
48

1
58
6
07
0

27
1.
30

0.
01

(1
46
1
55
1–
1
72
3
38
0)

(1
61
.5
–1
90
.5
5)

(1
87
1
75
0–
2
69
1
29
5)

(1
56
.6
4–
22
4.
66
)

(‐
0.
1–
0.
28
)

(1
08
3
50
0–
1
32
2
20
2)

(2
42
.6
8–
29
6.
34
)

(1
23
3
84
6–
1
95
0
17
5)

(2
11
.9
1–
33
1.
81
)

(‐
0.
21
–0
.2
6)

K
yr
gy
zs
ta
n

0.
59
6

12
82
4

34
1.
57

15
37
7

30
8.
12

‐0
.1
0

99
99

60
6.
25

11
72
1

53
2.
34

‐0
.1
2

(1
2
25
1–
13

37
7)

(3
26
.4
2–
35
6.
36
)

(1
3
27
9–
17

53
9)

(2
66
.8
3–
35
0.
84
)

(‐
0.
22
–0
.0
3)

(9
50
1–
10

47
4)

(5
76
.8
5–
63
4.
81
)

(1
0
03
8–
13

42
5)

(4
60
.1
2–
60
8.
84
)

(‐
0.
25
–0
.0
1)

La
o
P
eo
pl
e'
s

D
em

oc
ra
ti
c

R
ep
ub

lic

0.
49

19
73
9

55
9.
56

26
51
8

56
6.
50

0.
01

14
73
8

88
3.
09

19
21
6

86
1.
29

‐0
.0
2

(1
4
96
9–
25

75
8)

(4
28
.1
9–
72
0.
42
)

(1
9
14
2–
35

09
2)

(4
18
.1
–7
36
.9
3)

(‐
0.
18
–0
.2
4)

(1
0
76
6–
19

87
0)

(6
57
.6
7–
11
87
.7
7)

(1
3
68
4 –
25

26
2)

(6
24
.0
9–
11
12
.8
)

(‐
0.
22
–0
.2
1)

M
al
di
ve
s

0.
56
2

41
6

20
8.
86

62
0

19
9.
38

‐0
.0
5

32
2

30
2.
61

47
8

28
3.
47

‐0
.0
6

(3
73
–4
62
)

(1
86
.7
7–
23
2.
2)

(5
11
–7
42
)

(1
63
.9
4–
23
7.
7)

(‐
0.
22
–0
.1
5)

(2
83
–3
65
)

(2
66
.2
7–
34
3.
46
)

(3
89
–5
77
)

(2
29
.6
9–
34
2)

(‐
0.
25
–0
.1
4)

M
on

go
lia

0.
60
6

11
71
6

73
2.
13

17
52
9

72
7.
67

‐0
.0
3

93
49

13
25
.5
2

14
01
3

13
35
.2
8

0.
01

(9
65
2–
14

05
5)

(6
05
.8
3–
86
6.
62
)

(1
3
38
9–
23

17
6)

(5
68
.0
2–
94
1.
27
)

(‐
0.
2–
0.
21
)

(7
60
5–
11

30
5)

(1
09
2.
98
–1
58
0.
67
)
(1
0
35
5–
18

72
0)

(1
00
8.
65
–1
73
7.
42
)
(‐
0.
22
–0
.3
)

M
ya
nm

ar
0.
52
1

21
6
06
4

57
0.
40

27
1
54
6

55
6.
09

0.
13

15
0
35
3

89
2.
47

18
4
51
2

86
4.
98

‐0
.0
3

(1
56

72
6–
30
9
98
3)

(4
19
.3
2–
80
6.
31
)

(1
99

76
9–
37
4
58
3)

(4
09
.1
5–
76
1.
85
)

(‐
0.
12
–0
.4
1)

(9
9
36
0–
24
0
21
1)

(5
98
.4
9–
14
12
.1
7)

(1
29

78
9–
27
4
99
4)

(6
13
.9
3–
12
80
.9
8)

(‐
0.
22
–0
.2
3)

1698 REZAEI ET AL.



T
A
B
L
E

7
(C
on

ti
nu

ed
)

B
ot
h

M
al
e

20
10

20
19

%
ch
an

ge

20
10

–2
01
0

20
10

20
19

%
ch
an

ge

20
10

‐2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

N
u
m
be
r

A
SR

pe
r

10
0
00
0

lo
w
er

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

P
al
es
ti
ne

0.
58
8

85
84

46
9.
81

14
20
3

54
6.
36

0.
01

67
60

81
4.
71

11
16
2

90
1.
55

0.
11

(7
77
8–
94
10
)

(4
26
.3
6–
51
3.
68
)

(1
2
04
3–
16

66
7)

(4
62
.7
7–
63
9.
36
)

(‐
0.
19
–0
.2
4)

(6
05
4–
75
07
)

(7
31
.6
8–
90
3.
57
)

(9
46
6–
13

13
6)

(7
68
.0
2–
10
46
.3
)

(‐
0.
09
–0
.3
3)

T
aj
ik
is
ta
n

0.
53
9

14
01
7

33
5.
26

17
30
2

30
0.
28

‐0
.0
1

10
32
6

50
5.
89

11
83
1

43
6.
74

‐0
.1
4

(1
2
12
6–
16

13
2)

(2
88
.5
2–
38
7.
58
)

(1
3
76
3–
21

77
2)

(2
43
.8
7–
37
4.
01
)

(‐
0.
22
–0
.2
7)

(8
77
9–
12

02
8)

(4
28
.0
3–
59
3.
24
)

(9
31
8–
15

15
4)

(3
47
–5
55
.1
7)

(‐
0.
34
–0
.1
1)

T
im

or
‐L
es
te

0.
51
4

28
22

42
1.
11

41
04

47
9.
52

‐0
.0
6

20
27

60
6.
06

28
94

68
2.
80

0.
13

(1
95
8–
37
35
)

(2
97
.7
8–
55
3.
99
)

(2
88
8–
53
97
)

(3
41
.3
3–
62
9.
51
)

(‐
0.
27
–0
.2
3)

(1
31
1–
27
48
)

(3
95
.2
–8
15
.7
8)

(1
89
8–
39
02
)

(4
56
.4
2–
90
4.
17
)

(‐
0.
13
–0
.4
5)

Lo
w
SD

I

A
fg
ha
ni
st
an

0.
34
3

31
56
3

29
9.
90

44
55
3

30
2.
57

0.
01

24
34
4

50
4.
01

32
82
1

48
5.
96

‐0
.0
4

(1
7
03
6–
53

76
2)

(1
67
.6
8–
51
1.
88
)

(2
5
08
3–
71

31
9)

(1
79
.9
2–
48
1.
25
)

(‐
0.
18
–0
.3
)

(1
2
06
3–
45

43
7)

(2
57
.6
–9
47
.6
7)

(1
7
51
2–
57

86
2)

(2
74
.0
5–
84
4.
56
)

(‐
0.
21
–0
.2
5)

N
ep
al

0.
42
2

30
97
6

17
2.
98

45
19
6

19
5.
08

‐0
.2
3

21
82
8

24
7.
11

30
43
4

27
7.
16

0.
12

(2
2
47
6–
41

11
4)

(1
26
.4
–2
28
.1
6)

(3
2
34
3–
59

23
1)

(1
39
.5
1–
25
3.
47
)

(‐
0.
38
–0
)

(1
5
92
4–
29

08
4)

(1
81
.4
2–
32
7.
39
)

(2
1
67
8–
39

51
6)

(1
98
.2
2–
35
7.
17
)

(‐
0.
13
–0
.3
9)

P
ak
is
ta
n

0.
44
9

41
6
86
1

45
3.
80

52
2
64
8

42
5.
72

0.
16

35
9
22
2

74
9.
59

43
6
96
8

68
9.
89

‐0
.0
8

(3
21

80
8–
52
4
14
8)

(3
50
.7
8–
56
7.
63
)

(4
00

31
7–
68
0
66
3)

(3
27
.1
–5
50
.7
8)

(‐
0.
04
–0
.3
8)

(2
67

00
8–
46
7
61
1)

(5
59
.1
7–
96
8.
14
)

(3
18

32
3–
59
1
60
0)

(5
04
.5
4–
92
8)

(‐
0.
35
–0
.3
)

Y
em

en
0.
41
2

26
19
7

25
3.
64

36
20
8

24
8.
83

‐0
.0
2

20
79
0

40
5.
89

27
74
8

39
3.
94

‐0
.0
3

(1
8
55
6–
37

80
0)

(1
82
.1
5–
36
6.
57
)

(2
4
43
0–
53

79
9)

(1
69
.3
1–
36
8.
91
)

(‐
0.
21
–0
.2
2)

(1
4
32
4–
31

22
1)

(2
81
.8
8–
60
5.
7)

(1
7
99
7–
44

27
2)

(2
54
.6
1–
62
2.
7)

(‐
0.
24
–0
.2
2)

Fe
m
al
e

20
10

20
19

%
ch
an

ge
20
10

–2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

lo
w
er

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

(9
5%

C
I)

H
ig
h
SD

I

B
ru
ne
iD

ar
us
sa
la
m

0.
82
3

77
2

70
6.
37

11
76

73
0.
80

0.
03

(6
88
–8
60
)

(6
32
.3
1–
78
4.
18
)

(9
80
–1
38
5)

(6
18
.6
7–
85
0.
63
)

(‐
0.
13
–0
.2
1)

C
yp
ru
s

0.
84
1

17
05

22
7.
50

21
78

21
9.
18

‐0
.0
4

(1
55
7–
18
71
)

(2
08
.3
2–
25
0.
03
)

(1
84
4–
25
24
)

(1
86
.6
2–
25
3.
94
)

(‐
0.
19
–0
.1
2)

Is
ra
el

0.
80
3

14
05
2

30
4.
03

16
86
7

28
5.
32

‐0
.0
6

(1
3
20
8–
14

79
2)

(2
86
.9
–3
19
.8
4)

(1
5
24
1–
18

35
5)

(2
58
.6
2–
31
0.
37
)

(‐
0.
14
–0
.0
3)

Ja
pa
n

0.
87

34
9
58
7

22
5.
99

38
1
19
7

21
0.
56

‐0
.0
7

(3
00

80
0–
37
6
52
6)

(2
03
.8
1–
23
8.
07
)

(3
15

57
6–
41
8
62
9)

(1
86
.6
9–
22
5.
92
)

(‐
0.
11
–‐
0.
03
)

K
uw

ai
t

0.
85
1

75
8

12
5.
97

12
78

10
4.
23

‐0
.1
7

(6
88
–8
27
)

(1
13
.8
–1
37
.5
4)

(9
89
–1
61
8)

(8
2.
26
–1
30
.2
4)

(‐
0.
34
–0
.0
3) (C
on

ti
nu

es
)

REZAEI ET AL. 1699



T
A
B
L
E

7
(C
on

ti
nu

ed
)

Fe
m
al
e

20
10

20
19

%
ch
an

ge
20
10

–2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

Q
at
ar

0.
83

29
5

24
1.
22

57
2

22
0.
52

‐0
.0
9

(2
33
–3
66
)

(1
93
.5
5–
29
3.
68
)

(4
21
–7
34
)

(1
70
.7
1–
27
5.
17
)

(‐
0.
27
–0
.1
3)

R
ep
ub

lic
of

K
or
ea

0.
87
8

92
71
4

26
3.
26

11
8
39
6

24
5.
25

‐0
.0
7

(8
5
60
3–
98

18
2)

(2
42
.9
2–
27
8.
73
)

(1
04

05
4–
13
1
11
9)

(2
16
.7
8–
27
0.
42
)

(‐
0.
15
–0
.0
2)

Sa
ud

iA
ra
bi
a

0.
80
5

77
33

12
3.
21

12
65
0

12
7.
19

0.
03

(6
64
5–
89
78
)

(1
07
.0
8–
14
0.
84
)

(9
34
4–
16

46
8)

(9
5.
79
–1
62
.8
1)

(‐
0.
2–
0.
31
)

Si
ng
ap
or
e

0.
86
1

84
99

31
8.
79

11
12
5

27
7.
03

‐0
.1
3

(7
89
1–
90
22
)

(2
95
.3
4–
33
8.
85
)

(9
74
8–
12

39
0)

(2
42
.9
1–
30
8.
51
)

(‐
0.
22
–‐
0.
04
)

T
ai
w
an

(P
ro
vi
nc
e
of

C
hi
na
)

0.
86
8

70
47
4

45
1.
64

93
90
0

45
7.
18

0.
01

(6
5
96
8–
73

91
0)

(4
21
.7
–4
73
.6
9)

(7
3
47
4–
12
0
86
5)

(3
55
.8
6–
59
1.
97
)

(‐
0.
21
–0
.3
1)

U
ni
te
d
A
ra
b
E
m
ir
at
es

0.
88

15
05

38
3.
78

32
92

27
4.
87

‐0
.2
8

(1
16
7–
18
59
)

(3
05
.9
3–
46
8.
78
)

(2
25
4–
43
66
)

(1
64
.7
1–
39
6.
5)

(‐
0.
54
–0
.0
8)

H
ig
h‐
m
id
dl
e
SD

I

B
ah
ra
in

0.
75
1

54
4

27
2.
77

86
9

23
8.
46

‐0
.1
3

(4
72
–6
29
)

(2
37
.7
9–
31
5.
2)

(6
82
–1
07
0)

(1
89
.9
8–
28
9.
87
)

(‐
0.
3–
0.
06
)

G
eo
rg
ia

0.
70
2

64
52

20
8.
47

63
85

20
7.
18

‐0
.0
1

(5
82
4–
71
20
)

(1
87
.6
1–
23
0.
63
)

(5
26
1–
76
73
)

(1
70
.3
3–
25
0.
11
)

(‐
0.
2–
0.
23
)

Jo
rd
an

0.
73
1

27
35

14
9.
93

55
78

16
1.
92

0.
08

(2
34
5–
31
61
)

(1
28
.7
3–
17
3.
63
)

(4
36
6–
71
37
)

(1
28
.2
5–
20
5.
65
)

(‐
0.
15
–0
.3
7)

K
az
ak
hs
ta
n

0.
72
3

17
56
2

20
2.
47

19
60
8

18
7.
71

‐0
.0
7

(1
6
57
8–
18

64
6)

(1
91
.3
–2
14
.8
3)

(1
6
25
6–
23

09
7)

(1
56
.5
1–
22
0.
87
)

(‐
0.
24
–0
.1
)

Le
ba
no

n
0.
70
8

77
22

35
0.
95

10
94
9

38
4.
97

0.
10

(6
51
1–
97
20
)

(2
96
.8
3–
44
2.
46
)

(8
03
8–
14

77
6)

(2
81
.3
7–
52
0.
49
)

(‐
0.
16
–0
.3
4)

M
al
ay
si
a

0.
73
7

29
24
4

29
1.
69

36
77
2

26
6.
48

‐0
.0
9

(2
6
44
0–
32

25
5)

(2
63
.5
4–
32
2.
87
)

(2
8
06
1–
47

10
6)

(2
03
.4
5–
33
9.
35
)

(‐
0.
29
–0
.1
6)

O
m
an

0.
78
3

80
3

15
7.
82

11
21

14
1.
83

‐0
.1
0

(7
04
–9
13
)

(1
37
.4
2–
18
0.
41
)

(8
00
–1
37
7)

(1
04
.0
9–
16
9.
59
)

(‐
0.
33
–0
.1
2)

Sr
iL

an
ka

0.
69

13
03
3

11
9.
16

18
25
4

12
8.
58

0.
08

(1
1
99
2–
14

22
9)

(1
09
.6
7–
12
9.
9)

(1
3
29
2–
24

26
7)

(9
4.
22
–1
70
.7
6)

(‐
0.
21
–0
.4
3)

T
ur
ke
y

0.
74
8

85
15
8

23
3.
33

11
7
95
5

25
0.
26

0.
07

(7
4
58
8–
96

86
7)

(2
04
.6
1–
26
5.
97
)

(9
3
37
5–
14
6
97
5)

(1
98
.4
2–
31
1.
87
)

(‐
0.
17
–0
.4
)

1700 REZAEI ET AL.



T
A
B
L
E

7
(C
on

ti
nu

ed
)

Fe
m
al
e

20
10

20
19

%
ch
an

ge
20
10

–2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

M
id
dl
e
SI
D

A
rm

en
ia

0.
68
9

55
48

26
3.
73

55
40

24
2.
58

‐0
.0
8

(5
22
1–
59
21
)

(2
47
.6
2–
28
1.
46
)

(4
55
7–
65
81
)

(1
98
.5
9–
28
8.
26
)

(‐
0.
25
–0
.1
1)

A
ze
rb
ai
ja
n

0.
68
3

96
43

22
3.
93

12
36
4

22
2.
46

‐0
.0
1

(8
40
0–
11

19
3)

(1
94
.1
8–
25
8.
94
)

(9
43
2–
15

63
4)

(1
72
.6
7–
28
1.
07
)

(‐
0.
22
–0
.2
6)

C
hi
na

0.
68
6

3
95
6
61
3

50
0.
77

5
16
0
81
7

49
2.
17

‐0
.0
2

(3
52
4
73
4–
4
40
4
29
6)

(4
44
.9
4–
55
6.
06
)

(4
13
8
83
5–
6
35
3
13
9)

(3
93
.7
4–
60
4.
27
)

(‐
0.
23
–0
.2
3)

In
do

ne
si
a

0.
66

29
9
00
9

31
5.
66

40
7
62
0

33
9.
17

0.
07

(1
82

59
9–
42
4
66
9)

(1
94
.9
8–
44
3.
91
)

(2
26

89
8–
62
3
49
0)

(1
89
.9
7–
51
6.
37
)

(‐
0.
17
–0
.3
9)

Ir
an

(I
sl
am

ic
R
ep
ub

lic
of
)

0.
67

41
14
8

14
1.
32

68
65
3

17
8.
15

0.
26

(3
9
26
1–
43

16
3)

(1
34
.2
2–
14
8.
3)

(6
2
55
5–
74

04
2)

(1
61
.4
1–
19
2.
43
)

(0
.1
3–
0.
37
)

Ir
aq

0.
67
1

16
59
8

18
3.
06

31
24
9

23
9.
59

0.
31

(1
2
44
7–
21

66
5)

(1
38
.9
3–
23
6.
13
)

(2
3
26
9–
41

00
7)

(1
81
.0
3–
30
7.
77
)

(0
.0
2–
0.
7)

P
hi
lip

pi
ne
s

0.
62
3

74
97
7

22
4.
83

11
5
10
6

25
9.
58

0.
15

(6
6
62
6–
84

61
7)

(2
00
.2
7–
25
3.
9)

(8
6
75
3–
15
0
10
0)

(1
97
.4
9–
33
6.
23
)

(‐
0.
15
–0
.5
5)

Sy
ri
an

A
ra
b
R
ep
ub

lic
0.
61
9

83
04

14
9.
22

10
14
8

15
5.
27

0.
04

(6
70
6–
10

15
5)

(1
21
.7
8–
17
8.
86
)

(6
95
6–
13

95
3)

(1
06
.3
2–
21
0.
2)

(‐
0.
25
–0
.4
)

T
ha
ila
nd

0.
68
7

14
5
24
2

35
7.
80

17
6
15
4

32
1.
69

‐0
.1
0

(1
26

64
9–
16
5
29
0)

(3
12
.2
2–
40
6.
92
)

(1
31

46
8–
23
4
59
3)

(2
38
.7
9–
42
7.
89
)

(‐
0.
36
–0
.2
1)

T
ur
km

en
is
ta
n

0.
67

19
25

10
4.
73

28
80

12
2.
63

0.
17

(1
73
7–
21
20
)

(9
4.
93
–1
15
.6
5)

(2
20
3–
37
19
)

(9
4.
53
–1
58
.0
9)

(‐
0.
09
–0
.4
8)

U
zb
ek
is
ta
n

0.
63
1

14
64
2

14
7.
49

22
74
6

16
9.
49

0.
15

(1
3
75
7–
15

64
1)

(1
39
.1
1–
15
6.
73
)

(1
8
51
6–
27

58
1)

(1
40
.3
8–
20
3.
1)

(‐
0.
06
–0
.3
9)

V
ie
tn
am

0.
61
7

12
1
15
1

29
8.
72

17
7
92
9

32
5.
27

0.
09

(9
8
24
6–
14
8
00
7)

(2
43
.3
1–
36
6.
61
)

(1
33

31
7–
23
5
27
5)

(2
45
.2
5–
42
6.
63
)

(‐
0.
15
–0
.3
7)

Lo
w
‐m

id
dl
e
SD

I

B
an
gl
ad
es
h

0.
48
3

32
75
2

73
.0
8

57
05
3

85
.3
5

0.
17

(2
2
95
5–
46

30
3)

(5
0.
63
–1
03
.7
8)

(3
8
13
2–
81

43
4)

(5
6.
79
–1
21
.1
6)

(‐
0.
11
–0
.4
8)

B
hu

ta
n

0.
45
5

20
2

89
.7
6

29
7

10
3.
59

0.
15

(1
30
–3
35
)

(5
8.
16
–1
48
.4
3)

(1
94
–4
75
)

(6
8.
51
–1
65
.0
5)

(‐
0.
06
–0
.4
5)

C
am

bo
di
a

0.
46
9

13
71
2

25
5.
02

21
14
6

29
0.
69

0.
14

(1
1
06
0–
16

85
6)

(2
08
.3
–3
13
.1
)

(1
6
08
9–
27

19
3)

(2
22
–3
72
.5
5)

(‐
0.
08
–0
.4
) (C
on

ti
nu

es
)

REZAEI ET AL. 1701



T
A
B
L
E

7
(C
on

ti
nu

ed
)

Fe
m
al
e

20
10

20
19

%
ch
an

ge
20
10

–2
01
9

Lo
ca
ti
on

SD
I
20
19

N
um

be
r

A
SR

pe
r
10
0
00
0

N
um

be
r

A
SR

pe
r
10
0
00
0

D
em

oc
ra
ti
c
P
eo
pl
e'
s
R
ep
ub

lic
of

K
or
ea

0.
55
8

63
34
1

39
9.
33

73
73
0

40
3.
09

0.
01

(4
6
75
1–
80

83
0)

(2
95
.0
5–
50
7.
97
)

(5
2
21
7–
98

87
7)

(2
81
.8
6–
54
5.
06
)

(‐
0.
2–
0.
25
)

In
di
a

0.
56
6

38
7
47
3

83
.9
9

68
9
15
5

11
2.
92

0.
34

(3
37

96
2–
43
2
53
4)

(7
3.
01
–9
3.
81
)

(5
33

93
4–
87
3
54
1)

(8
7.
71
–1
42
.7
5)

(0
.0
2–
0.
71
)

K
yr
gy
zs
ta
n

0.
59
6

28
25

13
2.
57

36
56

13
3.
43

0.
01

(2
63
1–
30
14
)

(1
23
.2
3–
14
1.
85
)

(3
01
2–
43
38
)

(1
10
.7
9–
15
7.
91
)

(‐
0.
17
–0
.1
9)

La
o
P
eo
pl
e'
s
D
em

oc
ra
ti
c
R
ep
ub

lic
0.
49

50
00

26
2.
98

73
02

29
2.
87

0.
11

(3
74
4–
70
61
)

(2
00
.2
6–
37
0.
62
)

(5
14
8–
10

47
8)

(2
08
.9
–4
16
.8
9)

(‐
0.
11
–0
.3
7)

M
al
di
ve
s

0.
56
2

94
98
.2
9

14
2

10
1.
31

0.
03

(8
1–
10
7)

(8
4.
75
–1
12
.8
2)

(1
14
–1
74
)

(8
1.
22
–1
23
.7
4)

(‐
0.
17
–0
.2
8)

M
on

go
lia

0.
60
6

23
66

27
9.
40

35
17

27
7.
36

‐0
.0
1

(1
92
8–
29
06
)

(2
28
.9
8–
34
0.
45
)

(2
71
1–
46
17
)

(2
16
.3
1–
35
7.
36
)

(‐
0.
23
–0
.2
6)

M
ya
nm

ar
0.
52
1

65
71
1

31
1.
66

87
03
4

31
8.
70

0.
02

(5
1
12
0–
84

00
0)

(2
41
.5
4–
39
6.
25
)

(6
6
62
2–
11
5
52
7)

(2
45
.6
8–
41
9.
49
)

(‐
0.
17
–0
.2
6)

P
al
es
ti
ne

0.
58
8

18
24

17
8.
40

30
42

21
9.
65

0.
23

(1
60
6–
20
76
)

(1
56
.6
2–
20
3.
01
)

(2
49
1–
36
66
)

(1
78
.8
4–
26
5.
01
)

(‐
0.
03
–0
.5
4)

T
aj
ik
is
ta
n

0.
53
9

36
91

16
9.
53

54
70

17
5.
30

0.
03

(3
18
4–
42
73
)

(1
46
.3
3–
19
6.
93
)

(4
32
7–
68
88
)

(1
41
.0
2–
21
9.
76
)

(‐
0.
19
–0
.3
3)

T
im

or
‐L
es
te

0.
51
4

79
5

23
5.
30

12
10

28
0.
22

0.
19

(5
66
–1
25
2)

(1
71
.4
5–
37
4.
02
)

(8
40
–1
73
6)

(1
96
.8
3–
40
0.
22
)

(‐
0.
1–
0.
54
)

Lo
w
SD

I

A
fg
ha
ni
st
an

0.
34
3

72
20

11
8.
35

11
73
2

13
9.
69

0.
18

(4
65
8–
10

79
6)

(8
1.
42
–1
70
.3
4)

(7
19
5–
17

41
4)

(9
2.
77
–1
98
.6
1)

(‐
0.
09
–0
.5
1)

N
ep
al

0.
42
2

91
48

99
.4
0

14
76
2

11
9.
79

0.
21

(5
90
9–
13

66
8)

(6
2.
82
–1
49
.1
3)

(9
89
4–
21

00
2)

(8
0.
4–
17
1.
49
)

(‐
0.
06
–0
.5
7)

P
ak
is
ta
n

0.
44
9

57
63
8

12
8.
42

85
67
9

14
1.
81

0.
10

(4
5
78
9–
71

94
0)

(1
02
.3
–1
58
.2
5)

(6
2
12
6–
11
4
15
8)

(1
04
.0
7–
18
9.
04
)

(‐
0.
18
–0
.5
1)

Y
em

en
0.
41
2

54
07

98
.8
1

84
60

10
7.
43

0.
09

(3
99
6–
74
43
)

(7
4.
26
–1
32
.2
7)

(5
98
5–
11

59
9)

(7
8.
67
–1
45
.3
9)

(‐
0.
2–
0.
38
)

A
bb
re
vi
at
io
ns
:C

I,
co
nf
id
en
ce

in
te
rv
al
;D

A
LY

s,
di
sa
bi
lit
y‐
ad
ju
st
ed

lif
e‐
ye
ar
s;
SD

I,
so
ci
od

em
og
ra
ph

ic
in
de
x;
T
B
L,

tr
ac
he
al
,b
ro
nc
hi
al
an
d
lu
ng
.

1702 REZAEI ET AL.



a 5% decrease compared with 2010. Southeast Asian coun-
tries experienced a stable trend and South Asian countries
experienced an increasing trend of 5%; other Asian coun-
tries experienced a decreasing trend from 2010 to 2019
(by 1%–14%) (Figure 3 and Table 1).

In men, the highest DALYs ASR of TBL was observed in
East Asian countries (1195.54 [95% CI: 949.99–1478.03]);
with a 6% decrease compared with 2010. Also, other Asian
countries experienced a decreasing trend from 2010 to 2019
(by 1%–18%). High-income Asia Pacific countries experi-
enced the highest decrease (Table 2).

In women, the highest DALYs ASR of TBL was observed
in East Asian countries (489.73 [95% CI: 396.14–597.18]);
with a 2% decrease compared with 2010. Also, high-income
Asia Pacific countries experienced a decreasing trend from
2010 to 2019 by 7%. Other Asian countries experienced an
increasing trend from 2010 to 2019 (by 1%–30%). South
Asian countries experienced the highest decrease (Table 3).

Based on SDI

In 2019, among high SDI Asian countries, Brunei Darussa-
lam (867.69) and Taiwan (Province of China) (638.74) had
the highest DALYs ASR of TBL, and Saudi Arabia (208.01)
had the lowest rate. Among high-middle SDI Asian coun-
tries, Georgia (828.59) and Turkey (814.58) had the highest
DALYs ASR of TBL, and Oman (211.73) had the lowest
rate. In middle SDI Asian countries, China (831.27) and
Armenia (772.08) had the highest DALYs ASR of TBL, and
Turkmenistan (265.85) had the lowest rate. Among low-
middle SDI Asian countries, Mongolia (727.67) and the
Democratic People’s Republic of Korea (712.30) had
the highest ASPR of TBL, and Bangladesh (181.71) had the
lowest rate.

Among low SDI Asian countries, Pakistan (425.72) had
the highest DALYs ASR of TBL, and Nepal (195.08) had the
lowest rate. More details are presented in Table 7.

National comparison

Among Asian countries, 33 countries experienced a decreas-
ing trend in the TBL cancer DALYs ASR between 2010 and
2019; the greatest increase was detected in Iraq (increase in
DALYs ASR = 0.16 [95% CI: �0.05–0.42]) and the greatest
decrease was detected in Oman (decrease in DALYs
ASR = �0.23 [95% CI: �0.38–0]) (Figure 4).

In 2019, the highest DALYs ASR (per 100 000) of TBL
cancer was reported in Brunei Darussalam (867.69), China
(831.27), Georgia (828.59), Turkey (814.58), and Armenia
(772.08). The lowest DALYs ASR of TBL cancer was
reported in Bangladesh (181.71), Bhutan (184.25), India
(190.16), Nepal (195.08), and Maldives (199.38).

In Asian men, the highest DALYs ASR (per 100 000) of
TBL cancer was reported in Georgia (1623.55), Armenia
(1456.82), Turkey (1431.86), Mongolia (1335.28), and China

(1203.78). The lowest DALYs ASR (per 100 000) of TBL
cancer was reported in Saudi Arabia (260.49), Bhutan
(261.11), Bangladesh (271.23), India (271.3), and
Oman (274.3).

In women, the highest DALYs ASR (per 100 000) of
TBL cancer was reported in Brunei Darussalam (730.8),
China (492.17), Taiwan (Province of China) (457.18), Dem-
ocratic People’s Republic of Korea (403.09), and Lebanon
(384.97). The lowest DALYs ASR (per 100 000) of TBL can-
cer was reported in Bangladesh (85.35), Maldives (101.31),
Bhutan (103.59), Kuwait (104.23), and Yemen (107.43).
Detailed results are presented in Table 7.

DISCUSSION

In this study, temporal trends of TBL cancer were estimated
in 49 Asian countries and territories by geographical region
and SDI and compared with the global data between 2010
and 2019. This study is the first in which calculated tempo-
ral trends of TBL cancer were estimated in Asian countries.
The results showed that from 2010 to 2019 in the total pop-
ulation there was an over 1.34-fold increase in the number
of TBL cancer incidences. Also, ASIR, ASDR, and ASPR
decreased while the age-standardized DALY rate increased.

In 2019, more than half of TBL cancer cases (58%)
occurred in Asian countries. However, during this period,
the ASIR of TBL decreased by 1%. Also, the results of the
study show that the number of TBL cancer increased more
in women than in men so the number of TBL cancer cases
in men increased 1.3-fold and in women 1.42-fold from
2010 to 2019. In men, the age group of 65–69 years had the
higher number of TBL cancer, while in women, this number
was greater in the age group of 70–74 years. Also, the ASIR
decreased in men by 3% but in women increased by 5%.

In this period, ASIR decreased globally, in America and
Europe in men but this index increased globally, in Europe,
and Africa, and decreased in America in women.

The main risk factor is tobacco smoking; however,
genetic sensitivity, unhealthy eating, occupational exposure,
air pollution, chronic bronchitis, emphysema, tuberculosis,
pneumonia, asthma, and environmental carcinogens (arse-
nic, asbestos, and radon) are other risk factors that can act
independently, or together, with smoking.30,31 Another
study in Europe showed that lung cancer rates were
increasing in female smokers but decreasing in male
smokers over time.32 Other studies reported that women
who are heavy smokers had a higher risk of lung cancer
than men.33,34 It has also been found that sex hormones
can be associated with lung cancer.35 However, gender dif-
ferences are important and must be considered. For lung
cancer, behavioral factors such as smoking and gender-
related factors such as genetic susceptibility, exposure to
sex hormones and molecular characteristics may increase a
woman’s susceptibility.36–38

One of the modifiable risk factors is cigarette smoking
and quitting smoking can reduce the risk of lung cancer by
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up to 50% in 10 years.39 Because TBL cancer risk factors
have various distributions in different geographical areas,
for the prevention of TBL cancer, first we must not only
know the geographic and temporal patterns of lung cancer
incidence and mortality but also the risk factors. Research
on the risk factors must be done in different areas to focus
intervention programs on dominant and important risk fac-
tors in each area. Since smoking is the most important risk
factor for lung cancer, for effective prevention and manage-
ment of lung cancer, the determination of the risk factors in
smokers and nonsmokers should be a useful action. On the
other hand, education, tax increase, and government legisla-
tion, such as prohibiting smoking and introducing packag-
ing for cigarettes, can achieve better outcomes.40

In 2019, the highest ASIR (per 100 000) of TBL cancer
was reported in Brunei Darussalam, China, the Republic of
Korea, Turkey, and Taiwan. The lowest ASIR of TBL cancer
was reported in Bangladesh, India, Bhutan, Nepal, and
Saudi Arabia. Deng et al. showed that the incident cases,
deaths, and DALYs of TBL cancer in China growth ranged
from 140% to 240%.41

According to the results in men and women, the highest
number of TBL cancer deaths was in the age group of 70 to
74 years. The results of the study also showed that the num-
ber of TBL cancer deaths was higher in men than in women
(1.28-fold vs. 1.4-fold). However, ASDR of TBL cancer in
women increased by 2% but decreased in men by 6% from
2010 to 2019. Also in 2019, ASDR of TBL cancer in men
was higher than in women. In the meantime, ASDR
decreased globally, in America and Europe in men while this
index was globally stable in women, but increased in Europe
and Africa, and decreased in America. Zang et al. showed
that at all levels of cigarette smoke exposure, women are
consistently at a greater risk for developing major types of
lung cancer than men.42 This difference between men and
women is probably due to the greater susceptibility of
women to tobacco carcinogens.43 Other studies in developed
countries consistent with this study showed that lung cancer
mortality has increased rapidly in women, while it has
remained constant or decreased in men.44,45 It should be
noted that the risks and pathophysiology of lung cancer in
nonsmoker women are different compared to nonsmoker
men. In Asia, 60%–80% of women with lung cancer have
never smoked, while 10%–15% of men with lung cancer
have never smoked.46,47

In this study, the prevalence of TBL cancer was also
assessed. According to the results, from 2010 to 2019 the
prevalence of TBL cancer increased in men by 1.36-fold and
women by 1.36-fold. In 2019, the prevalence of TBL cancer
was approximately 57% in Asian countries. During this
period, the ASPR of TBL cancer increased by 4% in men.
This increase was higher (10%) in women. Also, in this
period in men, ASPR decreased globally, in America and
Europe and in women, this index increased globally, in
Africa, and Europe; while decreasing in American countries.
As the ASIR decreased in men and increased in women
within this period, the ASPR increased more in women than

in men (10% vs. 2%). However, there is no information
about the duration of TBL cancer in men and women. In
the meantime, the survival rate of TBL cancer should also be
considered. Cao et al. showed that the survival rate of lung
cancer is higher in women (47.3% vs. men 29.3%).48 There-
fore, the higher survival rate of TBL cancer in women may
be one of the reasons for the increased ASPR in this group.

The results showed that in this period, the number of
DALY of TBL cancer in men and women increased 1.23-
and 1.34-fold, respectively. However, the age-standardized
DALY rate in men decreased by 7% and in women increased
by 1%. In men, the age-standardized DALY rate decreased
globally, in America, Europe, and Africa and women this
index decreased globally and in America, but increased in
Africa and was stable in Europe. Other studies showed that
due to the improvement of lung cancer treatment world-
wide, the age-standardized DALY rate of TBL cancer
decreased in men and women.49,50 TBL cancer is still con-
sidered an important public health burden as the survival
rate of this cancer is quite poor.51 As a consequence, early
screening and detection have a major role in decreasing TBL
mortality.52,53 According to the American Cancer Society
recommendations, for people aged 55–74, low-dose helical
computed tomography (LDCT) should be done for the
annual screening of lung cancer. As shown by screening
programs, the incidence and mortality of lung cancer have
significantly decreased.54,55 Due to differences in equipment,
resources, and skill of personnel, early detection rates differ,
and to improve the detection rate, skilled personnel as well
as the latest tools and equipment must be used.

In conclusion, most of the global burden of lung cancer
occurs in Asian countries, and the decreasing trend of inci-
dence, death, prevalence, and burden of this cancer in these
countries is slower than in other regions. Therefore, the
implementation of necessary measures to reduce the process
of this cancer is considered urgent. These plans should
include reducing the risk factors exposure, starting or
expanding the screening and diagnostic programs especially
for high-risk smoker men, and expanding treatment
procedures.

As online data were used in this study, the possibility of
errors in the stored data is a major limitation of the study,
such as problems of quantifying all sources, delays in acces-
sing data, and changes in coding practices over time, gaps in
reliable cancer reporting, and registries in low-SDI
countries.
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