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Abstract OBJECTIVE: This study presented the tracheal, bronchus, and lung cancer (TBLC) trend in adults 255 based on the Socio-demographic
Index and geographical regions.
MATERIAL AND METHODS: We obtained annual TBLC data from 2010 to 2021 from the 2021 Global Burden of Disease (GBD) Study
and analyzed the incidence, death rates, and disability-adjusted life years (DALYs) rates across different geographical classifications of
204 national and territorial.

RESULTS: In adults =55 years, the TBLC incidence rate decreased from 2010 to 2021 by globally 20.9% and 9.6% in males, while
increasing by 3.8% in females. Approximately 60% of TBLC cases occurred in Asian countries. European countries exhibit the highest
incidence rate (169.16 per 100,000). Males across all continents showed a decreasing trend, only the Americas reported a decreasing
trend for women, with a noted change of 17.3%. The Western Pacific Region (World Health Organization region), East Asia (GBD
region), Monaco, and countries with advanced health systems reported the highest incidence, death, and DALY numbers and rates for
all genders. World Bank Upper middle-income countries recorded the highest DALY numbers and rates, incidence, and death numbers,
all showing a downward trend, similar to high-income countries.

CONCLUSION: The global burden of TBLC is predominantly in Asian countries (mainly East Asia), with a slower decrease in incidence,
death, DALY, and burden rates. Therefore, reducing exposure to risk factors, expanding screening and diagnostic programs, especially
for high-risk male smokers and females, and improving treatment procedures to reduce the progression of this cancer are urgent.
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INTRODUCTION

Tracheal, bronchus, and lung cancer (TBLC) presents a
significant global health burden." In 2019, 2.26 million
new cases and 2.04 million deaths were attributed to TBLC,
resulting in 45.9 million disability-adjusted life years (DALYs).2
In addition, TBLC-related symptoms and treatment side effects
can substantially diminish patients’ quality of life and functional
status. Smoking is the main cause of TBLC, but environmental
exposures like air pollution and occupational carcinogens are
also significant.> However, the relative contribution of each
risk factor to mortality varies by sex, geography, and individual
exposures.* Despite advancements in cancer treatment and
technology, socioeconomic and geographic disparities affect
access to appropriate care for TBLC patients.” Given the
multifaceted nature of factors influencing TBLC burden, it is
imperative to investigate their impact comprehensively. On the
other hand, understanding the complex interplay of risk factors
and their varying impact across demographics and regions is
essential for developing targeted interventions to decrease the
burden of TBLC worldwide.®

Due to physiological changes in lung aging, the incidence of
TBLC increases with age,”# and TBLC is considered one of
the most important health challenges in old age.” Meanwhile,
the symptoms of TBLC in old age are misleading and make
screening and diagnosis challenging; a significant percentage
of elderly people with TBLC do not show a desire to receive
treatment services.”'" Given that the world population has
shifted toward older ages,' it is of particular importance
to examine statistics related to TBLC as an old age disease.
Because proper policymaking and optimal implementation of
cancer management programs require up-to-date and complete
data, this study aims to investigate the burden of TBLC in
adults aged >55 years, based on gender disparities among
Socio-demographic Index (SDI) classifications and different
geographical divisions. This is done by using the most up-to-
date data from the Global Burden of Disease (GBD) study 2021
and its trend from 2010 to 2021.

MATERIAL AND METHODS

This study extracted data from the GBD 2021 online platform
on the incidence, deaths, and DALYs of TBLC >55 from 2010
to 2021, which covers 369 diseases across 204 countries. The
data were classified under the International Classification of
Diseases-10 code (C33, C34.0-C34.92, Z12.2, 780.1-780.2,
and Z85.1-785.20)."* Data were analyzed using classifications
based on global trends, SDI, continents, World Bank regions,

Main Points

¢ In 2021, more than 66% of new tracheal, bronchus, and
lung cancer (TBLC) cases were in men globally.

e In adults’ =55 years, the TBLC incidence rate decreased
from 2010 to 2021 globally by 20.9%.

e The TBLC incidence rate decreased by 9.6% in males
and increased by 3.8% in females.

e Approximately 60% of TBLC cases occurred in Asian
countries.

e European countries exhibiting the highest incidence rate.
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World Health Organization (WHO) regions, GBD regions, and
national and territorial divisions by gender and age groups. Old
age in the GBD begins at age 55 and extends to the age group of
>70. Therefore, we decided to present data for individuals aged
55 and older. SDI is a measure that identifies where countries
sit on the development spectrum and is expressed on a 0 to
100 scale; 0 being the lowest SDI value and 100 being the
highest. SDI is based on three measures: lag-distributed income
per capita, average years of schooling in ages 15 and older,
and total fertility rate for females under age 25. Countries and
territories are stratified into five groups based on SDI values:
low SDI (<0.45), low-middle SDI (=0.45 and <0.61), middle
SDI (20.61 and <0.69), high-middle SDI (=0.69 and <0.80),
and high SDI (=0.80)."* The World Bank classifies economies
into four income groups (low, medium-low, medium-high, and
high) based on per capita gross national income, using the Atlas
method to account for exchange rate fluctuations.” The study
employs DALYs to measure the burden of TBLC, combining
years of life lost due to premature death and years lived with
disability.’® To calculate total DALYs, years of life lost and years
lived with disability were estimated and combined. GBD 2021
defined a summary measure of personal health care access
and quality for a given location as the Healthcare Access and
Quality (HAQ) Index. HAQ Index is based on risk-standardized
mortality rates from causes that, in the presence of high-quality
health care, should not result in death-also known as amenable
mortality. Based on HAQ), countries and territories are classified
into four groups: Advanced Health System, Basic Health
System, Limited Health System, and Minimal Health System.!”

Ethical Consideration

The Jahrom University of Medical Sciences Ethical Research
Committee approved this study (approval no: IRJUMS.
REC.1401.094, date: 23.11.2022). Because utilizing anonymous
online datasets, informed consent was not required.

Statistical Analysis

The incidence, mortality, and DALY rates were calculated per
100,000 population with a 95% confidence interval. Selected
epidemiological metrics are delineated individually for each
classification. Definitions of the terms utilized are available
at: https://www.healthdata.org/terms-defined and https://www.
healthdata.org/gbd/

RESULTS

The Global Trend of TBLC Among Aged >55 Years

In 2021, 2,021.521 new cases of TBLC were recorded globally,
66% in males and 34% in females. TBLC incidence rate (per
100,000) with a 5.1% decrease compared to 2010 reached
190.704 in 2021. Also, 1,808.810 deaths related to TBLC were
recorded globally, 66.6% in males and 33.4% in females. TBLC
death rate (per 100,000) with a 7.1% decrease compared to
2010 reached 121.725 in 2021. The DALYs numbers related to
TBLC were recorded as 37,632.985, globally, 67.8% in males
and 32.2% in females. TBLC DALY rate (per 100,000) with a
9.2% decrease compared to 2010 reached 2,532.526 in 2021.
Between 2010 and 2021, the TBLC incidence, death, and DALY
rates decreased by 9.6, 11.2, and 13.3% in males, respectively.
In contrast, females recorded a 3.8, 2.3, and 0.7% increase in
incidence, death, and DALY rates, respectively (Tables 1, 2, 3
and, Figure 1).
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The Global Trend of TBLC Among Aged >55 Years by
Continents

In 2021, approximately 60% of TBLC incidence, death, and
DALY cases were recognized in Asian countries, but more TBLC
incidence, death, and DALY rates were reported in European
countries, with 169.159, 151.834, and 3,166.436 cases per
100,000 population, respectively. While between 2010 and
2021, the TBLC incidence rate (per 100,000) increased by
3.6% in Asia, other continents reported a downward trend of
up to 20.9% (America). Males on all continents experienced
a decreasing trend in the observed factor, but among women,
only America reported a downward trend (17.3%). At this
time, the TBLC death and DALY rates (per 100,000) in all
continents decreased; the highest decrease was reported
in America by 20 and 21%, respectively. Also, males in all
continents reported a decreasing trend, but for women, only
America experienced a downward trend of 15.9% (Tables 1,
2, 3 and, Figure 1).

Mazidimoradi et al. Burden of TBLC in Adults Over 55 Years Old

The Global Trend of TBLC Among Aged >55 Years by Socio-
demographic Index

In 2021, most TBLC incidence cases (34.4%) were recorded in
high SDI countries. High-middle SDI countries exhibited the
highest TBLC deaths (32.2%) and DALYs (32.9%). High SDI
countries experienced the highest decreasing trend in TBLC
incidence, death, and DALY rates (per 100,000) by a 10.9,
11.2, and 15.1% decrease, respectively, compared to 2010.
TBLC incidence rate for males decreased in high and high-
middle SDI countries from 2010 to 2021, while only high SDI
countries recorded a decreasing trend for females. TBLC death
and DALY rates for males increased in low and low-middle SDI
countries from 2010 to 2021, while only for females high SDI
countries recorded a slight decreasing trend in TBLC death and
DALY rates by 3% and 6.1%, respectively (Tables 1, 2, 3 and,
Figure 2).
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Figure 1. Temporal trend of incidence, death and DALYs rates (per 100,000 population) of TBLC based on continents and comparison with global

data from 2010 to 2021
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The Global Trend of TBLC Among Aged >55 Years by World
Bank Income Levels

In 2021, the highest TBLC incidence, death, and DALY rates (per
100,000) were reported in World Bank high-income countries
with an incidence rate of 193.124, high-income countries with
a death rate of 162.533, and upper middle-income countries
with DALYs of 3,218.568, respectively. World Bank high-
income countries experienced the highest downward trends of
10.7, 11.1, and 15.0% in incidence, death, and DALYs rates
(per 100,000) between 2010 and 2021, respectively. The male
TBLC incidence rate (per 100,000) decreased in all World
Bank groups except World Bank lower middle-income, which
reported a stable trend. The male TBLC death and DALY rates
(per 100,000) decreased in all World Bank groups, up to 16.9%
and 20.9%, in the World Bank high-income group, respectively.
The TBLC incidence rate for females increased up to 16.8%
in the World Bank upper middle-income countries. The TBLC
death and DALY rates for females increased by 13.9% and
15.4%, respectively, in countries classified by the World Bank
as lower middle-income (Tables 1, 2, 3).
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The Global Trend of TBLC Among Aged >55 years in WHO
Regions

In 2021, the Western Pacific Region exhibited the highest
incidence rate of TBLC for both genders. The region of the
Americas experienced a downward trend of 10.7%, 23.7%,
and 17.3% for both genders, males, and females in the TBLC
incidence rate compared to 2010. The Western Pacific region
exhibited the highest death rate of TBLC for both genders. The
Region of the Americas experienced a downward trend in
TBLC death rates of 20% for both genders, 23.1% for males,
and 15.9% for females compared to 2010. The Western Pacific
Region exhibited the highest DALY rate of TBLC for both
genders. The region of the Americas experienced a downward
trend of 21%, 24.5%, and 16% for both genders combined,
males, and females, TBLC DALY rate compared to 2010. Female
TBLC incidence, death, and DALY rates, in all WHO regions
increased, except the region of the Americas (Tables 1, 2, 3
and, Figure 3).
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The Global Trend of TBLC Among Aged >55 Years by Health
System Advancement Levels

Countries with Advanced Health Systems reported the highest
TBLC incidence, death, and DALY rates with 183.297, 154.404,
and 3,059.385 per 100,000 people, respectively, and the
highest decreasing trend of 10.3, 10.6, and 14% compared
to 2010 for these indicators. In contrast, the most notable
increasing trend in TBLC incidence, death, and DALY rates is
observed in females living in countries with Limited Health
Systems, experiencing respective increases of 19.4%, 18.2%,
and 18.7% (Table 1).

The Global Trend of TBLC Among Aged >55 Years in GBG
Regions

In 2021, among GBG regions, the highest TBLC incidence
rate (per 100,000) was allocated to East Asia with 213.477.
Between 2010 and 2019, 15, 18, and 6 regions of GBD
regions reported a downward trend in TBLC incidence number
and rate (per 100,000) for both genders, males, and females,
respectively. The highest increase was observed in South Asia
(12%), Western Europe (6%), and Central Latin America and

Mazidimoradi et al. Burden of TBLC in Adults Over 55 Years Old

the high-income Asia Pacific (35.7%) for both genders, males,
and females, respectively. The highest decrease was observed
in Central Asia (24.5%), East Asia (27.5%), and North Africa
and Middle East and North America (17.8%) for both genders,
males, and females, respectively (Table 1, Figures 4, 5).

The highest TBLC death rate (per 100,000) was recorded in
Central Europe (201.401). Between 2010 and 2019, 16, 17,
and 9 GBD regions reported a downward trend in TBLC death
number and rate (per 100,000) for both genders, males, and
females, respectively. The highest increase was observed in
South Asia, with increases of 11.1%, 5.2%, and 34.2% for both
genders, males, and females, respectively. The highest decrease
was observed in Central Asia with a 26.1%, 29.4%, and 17.6%
decrease for both genders, males, and females, respectively
(Table 2, and, Figures 4, 5).

The highest TBLC DALY rate (per 100,000) was recorded in
Central Europe (4,422.930). Between 2010 and 2019, 17 GBD
regions, 17 for males, and 9 for females reported a downward
trend in TBLC DALY number and rate (per 100,000) for both
genders, males, and females, respectively. The highest increase
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Figure 3. Temporal trend of incidence, death, and DALYs rates (per 100,000 population) of TBLC based on WHO regions from 2010 to 2021
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Figure 4. The incidence, death, and DALYs rates (per 100,000) of TBLC among over 55 years people based on GBD regions and genders from 2010
to 2021

TBLC: tracheal, bronchus, and lung cancer, GBD: Global Burden of Disease
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Figure 5. The relative change in incidence, death, and DALYs rates (per 100,000) of TBLC among over 55 years people based on GBD regions and
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was observed in South Asia (10.3%), Central Sub-Saharan
Africa (5.6%), and a third region with an increase of 34.3%,
for both genders combined, and separately for males and
females, respectively. The highest decrease was observed in
Central Asia (23.6%), Central Asia (27.2%), and High-income
North America (18.3%) decrease for both genders, males, and
females, respectively (Table 3, Figures 4, 5).

National Comparison of the Global Trend of TBLC Among
Aged >55 Years

In 2021, Monaco, with 414.333, 540.472, and 301.309,
exhibited the highest TBLC incidence rates (per 100,000) for
both genders, males, and females, respectively. Between 2010
and 2019, 64; 48; and 130 out of 204 countries and territories
experienced an increasing trend in TBLC incidence rates (per
100,000) for both genders, males, and females, respectively.
The highest increase was observed in Cabo Verde (27.9%)
and Bulgaria (43.7%) for both genders, males, and females,
respectively. In contrast, the highest decrease was observed in
the United Arab Emirates (53.4%) and Kuwait (45.1%) for both
genders.

Also, Monaco exhibited the highest TBLC death rates (per
100,000) of 370.074 for both genders, 488.984 for males, and
263.527 for females, respectively. Between 2010 and 2019, 58
43 and 120 out of 204 countries and territories experienced
an increasing trend in TBLC death rates (per 100,000) for both
genders, males, and females, respectively. The highest increase
was observed in Cabo Verde (23.6% for both genders, 28.8%
for males), and Bulgaria (45.0% for females). In contrast, the
highest decrease was observed in the United Arab Emirates
(53.8%), Saudi Arabia (58.7%), and Kuwait (46.4%) for both
genders, males, and females, respectively.

Also, Monaco (7,091.097), Monaco (9,522.039), and
Greenland (5,583.999) exhibited the highest TBLC DALY
rates (per 100,000) for both genders, males, and females,
respectively. Between 2010 and 2019, 62, 45, and 125 out of
204 countries and territories experienced an increasing trend
in TBLC DALY rates (per 100,000) for both genders, males,
and females, respectively. The highest increase was observed
in Cabo Verde (36.8%), Cabo Verde (45.2%), and Bulgaria
(43.6%) for both genders, males, and females, respectively. In
contrast, the highest decrease was observed in the United Arab
Emirates (54.1%), United Arab Emirates (58.1%), and Kuwait
(46.1%) for both genders, males, and females, respectively.

DISCUSSION

The results of the present study showed that global TBLC
incidence, mortality, and DALYs decreased in adults 255 years
from 2010 to 2021. In 2021, more than 66% of new TBLC
cases occurred in men, and the incidence rate declined by
9.6% in men. Contrarily, females experienced a 3.8% increase
from 2010. While males account for the majority of TBLC
burden, it is important to pay attention to the higher growth
rate of women and the associated risk factors.'®

TBLC mortality is generally increasing among patients aged
70 and older, and, due to the growing geriatric population,
managing TBLC in this population is becoming a greater
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concern.'®Older patients often have reduced functional reserves
and limited ability to receive proper treatments. Moreover, a
higher prevalence of underlying diseases results in unfavorable
treatment outcomes.'?

The burden of TBLC is primarily influenced by smoking in both
men and women.?® East Asia, Western Europe, and high-income
North America bear a higher TBLC burden due to historical
smoking patterns.?’ TBLC mortality typically peaks 30-40 years
after the peak smoking prevalence in a population.?? Therefore,
implementing effective approaches to reduce smoking could
help reduce the burden of the disease, particularly in low SDI
populations.?> In East Asia, where female smoking rates are
low, indoor air pollution from cooking and heating emerges
as a major factor in TBLC incidence.?* This study confirms
distinct gender variations in the global burden of TBLC due
to occupational carcinogens, aligning with previous studies.?®
Additionally, female TBLC rates increased in World Bank
middle-income countries, where smoking among women is
steadily rising because it is becoming normalized due to social
media, globalization, and marketing efforts.?® The gender gap
could be attributed to variations in smoking rates and biological
responses to tobacco between men and women. Exposure to
sex hormones and molecular characteristics could heighten
women’s vulnerability to TBLC.?”

Air pollution, occupational exposures, second-hand smoking,
low fruit intake, and elevated fasting plasma glucose levels are
known to contribute to death and DALYs from TBLC.?® High
fasting plasma glucose is an important risk factor among older
men in developed countries.?” Therefore, TBLC screening
should be included in routine diabetes assessments.>°

In 2021, approximately 60% of TBLC cases occurred in Asian
countries, while European countries exhibited the highest TBLC
incidence rate. In contrast with the global decreasing trend,
the TBLC incidence, death, and DALY rates in Asia increased.
Rezaei et al.’s* study showed a decrease in the age-standardized
incidence rate of TBLC in Asia, but our study, which considered
a cutoff of >55 years and a longer period, found an increase in
the TBLC incidence. The high geographical variation observed
in the epidemiological rates and trends of TBLC in this study
highlights the need for tailored global disease burden control
strategies, taking into account the discrepancies in healthcare
resources and opportunities for diagnosis and treatment.

There are uneven burdens across the five SDI quintiles,
reflecting inequalities in healthcare access. Our study found
that TBLC DALY and death rates for males increased in low
and low-middle SDI countries, while high and high-middle SDI
countries saw a decrease in TBLC DALY and death rates. For
females, only high SDI countries showed a decreasing trend
in incidence rates. The high death and DALY rates in high-
middle SDI countries reflected industrialization and cumulative
occupational exposures from decades ago.’' Previous studies
have estimated a 20-fold variation in TBLC incidence rates by
region, largely reflecting the maturity of the tobacco epidemic
and historical patterns of tobacco exposure, including intensity,
duration, cigarette types, and degree of inhalation.?? Currently,
80% of the world’s smokers live in low- and middle-income
countries.’> In low-middle and low SDI quintiles, the top
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risk factors for TBLC deaths and DALYs include air pollution,
tobacco, and dietary risks.** Occupational exposure to silica
was the primary risk factor for TBLC in individuals aged 20-
39 and 40-59, whereas asbestos exposure was the primary risk
for those aged 60-79 and over 80. This difference is likely due
to the latency period between exposure and TBLC morbidity.>
Therefore, occupational asbestos exposure remains a significant
risk factor in high SDI countries.?!

On the other hand, late diagnosis results in poor prognosis for
patients. The failure to implement and manage appropriate
screening programs in governments and health systems, along
with the failure to establish primary prevention laws, leads to
increasing trends in all TBLC indicators, especially in women.?®
The American Cancer Society recommends annual low-dose
helical computed tomography for TBLC screening in older
adults. Effective screening programs can significantly reduce
TBLC incidence and mortality.’” However, differences in
equipment, resources, and personnel skills affect early detection
rates.* Generally, given that TBLC is largely preventable,
effective management and intervention by healthcare systems
is essential. Moreover, prioritizing early diagnosis is crucial for
improving TBLC prognosis.®® These findings highlight the need
for adaptable control strategies tailored to local conditions to
mitigate the global burden of this disease.*?

Interpretation of the results of this study should be interpreted
with caution because using online data presents limitations,
such as potential errors in stored data, delays in data access,
changes in coding practices over time, and reliability gaps in
cancer reporting and registries, particularly low-SDI countries.

CONCLUSION

The global burden of TBLC is predominantly in Asian countries
(mainly East Asia), with a slower decrease in incidence, death,
DALY, and burden rates compared to other regions. Therefore,
measures are recommended to reduce the progression of TBLC,
such as reducing exposure to risk factors, expanding screening
and diagnostic programs, especially for high-risk male smokers,
and improving treatment procedures. In addition, more research
are needed to investigate the causes of the increasing trend
of TBLC in women. controlling related risk factors in women
needs urgent and effective preventive interventions.
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