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Abstract

Background: Investigations of disease incidence, mortality, and disability-adjusted life years (DALYs) are valuable for
facilitating preventive measures and health resource planning. We examined the tracheal, bronchus, and lung (TBL) cancer
burdens worldwide according to sex, age, and social development index (SDI) at the global, regional, and national levels.

Methods: We assessed the TBL cancer burden using data from the Global Burden of Disease (GBD) database, including 21
regions, 195 countries, and territories in the diagnostic period 1990-2017. The data of TBL cancer-related mortality and
DALYs attributable to all known risk factors were also analyzed. Age-standardized rates (ASRs) and their estimated annual
percentage changes (EAPCs) were calculated.

Results: Incident cases, deaths, and DALYs of TBL cancer increased worldwide (10044%, 82.30%, and 61.27%, respectively).
The age-standardized incidence rate (ASIR) was stable (EAPC = 0.02, 95% confidence interval [Cl] — 0.03 to 0.08), but the age-
standardized death (EAPC = — 0.34, 95%Cl — 0.38 to — 0.3) and DALY rate decreased generally (EAPC = — 0.74, 95%Cl — 0.8
to — 0.68). However, the change trend of ASIR and ASDR among sexes was on the contrary. China and the USA always had
the highest incidence, mortality, and DALYs of TBL cancer. Significant positive correlations between ASRs and SDI were
observed, especially among females. High (36.86%), high-middle (28.78%), and middle SDI quintiles (24.91%) carried the
majority burden of TBL cancer. Tobacco remained the top cause of TBL cancer death and DALYs, followed by air pollution,
the leading cause in the low-middle and low-SDI quintiles. Metabolic risk-related TBL cancer mortality and DALYs among
females increased but was stable among males. The main ages of TBL cancer onset and death were > 50 years, and the
DALYs concentrated in 50 — 69 years.
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Conclusions: To significantly reduce the growing burden of TBL cancer, treatment resources need to be skewed according
to factors such as risks and geography, especially for high-risk groups and high-burden areas. Asia had the greatest TBL
cancer burden, followed by high-income North America. Tobacco remains the leading cause of death and DALYs, followed
by air pollution. Effective prevention measures against tobacco and air pollution should be strengthened.

Keywords: Tracheal, bronchus, and lung cancer, Global burden of disease, Incidence, Death, Disability-adjusted life years

Background

Lung cancer was uncommon before the twentieth cen-
tury, but it ranks the second and is the leading cause of
cancer mortality. In addition, various factors play a cru-
cial role in the occurrence, infiltration, metastasis of tra-
cheal, bronchus, and lung (TBL) cancer, such as
environmental and genetic factors [1, 2]. In recent years,
substantial progress has been attained in terms of early
diagnosis of and therapy options for TBL cancer [3].
However, the TBL cancer burden is still increasing
owing to the aging population and risk factors such as
pollution, dietary habits, and tobacco, which vary among
different countries [4—6]. Further knowledge about TBL
cancer burden is necessary to better allocate the limited
health resources worldwide, which is helpful for the pre-
vention, diagnosis, and treatment of TBL cancer.

The Global Burden of Disease (GBD) study included
354 diseases and injuries in 195 countries and territories
worldwide, providing an opportunity to perform com-
prehensive assessments of disease incidence, mortality,
disability-adjusted life years (DALY), and change trends
of TBL cancer [7]. To better understand the TBL cancer
burden among geographical locations, the social devel-
opment index (SDI), age groups, and sexes, we con-
ducted various subgroup analyses to assess the burden
and variation trends of TBL cancer on the basis of data
from the GBD study 2017.

Methods

Data resources

Annual data on TBL cancer were derived from the
Global Health Data Exchange (GHDx) query tool
(http://ghdx.healthdata.org/gbd-results-tool), including
cases, deaths, and DALYs. The basic instructions of the
GBD study and the methods for estimating the cancer
burden have already been introduced in our previous
studies [8—11]. More GBD 2017 study data information
was listed in Additional file 1. Countries were divided by
SDI into five categories (low, low-middle, middle, high-
middle, and high) to assess the relationship between TBL
cancer and social development status.

Statistical analyses
We calculated estimated annual percentage change
(EAPCs) of age-standardized rates (ASRs). The EAPC

describes the ASR trends within a specified time interval.
The natural logarithm of ASR is assumed to be linear
along with time; that is, Y = a + BX + ¢ where Y refers
to In (ASR), X the calendar year, and ¢ the error term.
Based on this formula, 5 represents the positive or nega-
tive ASR trends. The EAPC was calculated as EAPC =
100 x (exp(B)-1). Its 95% confidence intervals (CI) could
be obtained from the linear model. When the EAPC and
lower CI limit are positive, ASR shows an upward trend.
Conversely, when the EAPC and upper CI limit are
negative, ASR shows a descending trend. In addition, we
evaluated the relationship between SDI and ASRs in the
different regions to define the potential factors that
affect ASRs.

Attributable risk factors

A comparative risk assessment framework was used to
evaluate the disease burden attributable to 84 health risk
factors categorized as behavioral, environmental/occupa-
tional, and metabolic risks. Exposures, attributable
deaths, and DALYs of TBL cancer were estimated for 18
risk factors. Data of the risk factors were extracted from
46,000 empirical data points derived from cohort studies
and randomized controlled trials.

Results

Global burden of TBL cancer

In 2017, the incident cases of TBL cancer increased to 2,
163,130, twice the number in 1990. From 1990 to 2017,
the TBL cancer deaths increased by 82.30%, and DALYs
increased by 61.27% (Table 1). The age-standardized in-
cidence rate (ASIR, per 100,000 persons) remained
stable, while the age-standardized death rate (ASDR)
and age-standardized DALY rate showed a decreasing
trend (Table 2). In the further analysis, the ASIR among
males decreased (EAPC = - 0.31; 95%CI, — 0.37 to -
0.24), while that among females increased (EAPC = 0.73;
95%CI, 0.67 to 0.79). ASRs among females showed an
upward trend (EAPC = 0.31; 95%CI, 0.26 to 0.37). Bur-
den was generally higher in males than in females, with
a male-to-female ratio of 2-4:1. Positive correlations
were found between ASIR, ASDR, and SDI (Fig. 1). Age-
standardized DALY rate and SDI was positively related
when SDI was < 0.8, and when SDI > 0.8, it reversed.
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However, a sex-related difference in this association was
observed significantly (Additional file 2: Figure S1).

From 1990 to 2017 (Additional file 3: Figure S2), the >
70 years age group presented a significant increase with
time, whereas the 15-49years and 50-69years age
groups showed a slight decrease. The > 50 years age sub-
group carried the majority of incidence and mortality.
The main age at TBL cancer onset was concentrated in
50—69 years. Most deaths occurred at ages > 70 years,
followed by 50-69years. In the past 28years, most
DALYs were in the 50-69-year subgroup.

In the subgroup analysis of gender, the main age of
TBL cancer incident cases and deaths among females
was early than that among males. As presented in Fig. 2,
the morbidity and mortality of TBL cancer increased
with age. As for the DALY rate, the patients were always
mainly concentrated in the 60—79-year age group.

Global burden of TBL cancer among countries

From 1990 to 2017 (Additional file 4: Table S1), China
and the USA always had the highest TBL cancer burden
in both genders. And those were always lower in
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Antigua, Barbuda, and the Marshall Islands. In 1990, fe-
males in UK and males in Russia had a higher TBL can-
cer burden than other countries. Up to 2017, the
countries with greatest increase of TBL cancer burden
were the United Arab Emirates and Qatar, while
Kazakhstan had the greatest decrease.

ASRs and their EAPCs among countries were presented
detailed in Fig. 3 and Tables S2-3 (Additional files 5 and 6),
respectively. People in Greenland among both genders al-
ways had the highest ASRs over past 28 years. However,
from 1990 to 2017, country with the lowest ASRs had
changed from Uganda to Malawi (Saudi Arabia to Maldives
among females, and from Uganda to Nicaragua among
males) (Additional file 4: Table S1). Females in Spain and
France, and males in Georgia had a faster increase of ASRs.
Besides, ASRs of China males also increased rapidly. But
ASRs in Bahrain, Maldives, and Kazakhstan declined at a
relatively rapid rate.

Global burden of TBL cancer among regions

The top 3 regions with the greatest TBL cancer burden
in both genders remained East Asia, Western Europe,
and high-income North America over 28 years; Oceania,
Andean Latin America, and Central sub-Saharan Africa
always had the lower burden (Additional file 4: Table
S1). As for the ASRs, from 1990 to 2017, high-income
North America, East Asia, and Western Europe always
had higher ASRs of TBL cancer among both sexes. Be-
sides, the ASRs were also higher among females in Aus-
tralasia, Central Europe, and among males in Eastern
and Central Europe. Western sub-Saharan Africa, East-
ern sub-Saharan Africa, and South Asia always had the
lowest ASRs. East Asia and South Asia had faster in-
crease of TBL cancer burden, whereas Eastern Europe
had the fastest decrease. The ASRs increased most in
East Asia, but it decreased most in Eastern Europe and
Central Asia.

Global burden of TBL cancer among the SDI quintiles

In the past 28 years, the high SDI quintile always had the
highest incident cases, deaths, and DALYs of TBL can-
cer, while the low SDI quintile always had the lowest.
Up to 2017, the fastest increase of TBL cancer burden
was in the middle SDI quintile, and the slowest increase
was in the high SDI quintile (Table 1).

As for ASRs, ASIR in high SDI quintile remained the
highest, while that in low SDI quintile was always the
lowest. The SDI quintile with the highest ASDR or age-
standardized DALY rate had changed from the high to
high-middle SDI quintile, but they kept the lowest in the
low SDI quintile. All the ASRs decreased most in high
SDI quintile, but they increased most in low SDI quintile
(EAPC = 1.04, 0.72, and 0.25, respectively). ASIR showed
a downward trend only in high SDI quintile, and ASDR
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decreased in the high and high-middle SDI quintiles.
However, the age-standardized DALY rate in all SDI
quintiles presented a decreasing trend except for the low
SDI quintile (Table 2).

Attributable risks

As shown in Fig. 4, behavioral risks kept the leading
cause of death and DALY rate of TBL cancer in both
gender and all age subgroups (from 15-19 to 80 plus
years old), followed by environmental/occupational risks,
and the metabolic risk proportion were the least. The
contribution of all risk factors to death rate of TBL can-
cer increased with age. However, DALY rates increased
with age until age of 70-74years and then declined
thereafter.

Distribution of total risk factors among the regions

As shown in Figure S3 (Additional file 7), behavioral
risks related ASDR and age-standardized DALY rate
increased most in East Asia but decreased most in
high-income North America over 28years among
males; as for females, they increased most in Central
Europe but decreased most in high-income North
America. Environmental/occupational risks related
ASDR and age-standardized DALY rate decreased
generally, and ASDR showed a downward trend
among males except for East Asia; as for females,
they all increased in South Asia, Southern Latin
America, Western Europe, Central Europe, and
Australasia but decreased in other regions.

Distribution of six risk factors among SDI quintiles

As shown in Fig. 5 and Figure S4 (Additional file 8), the
deaths and DALYs among the five SDI quintiles showed
a steady upward trend, and all six risk factors increased
with time. In the past 28 years, tobacco remained the
leading cause of TBL cancer deaths and DALYs,
followed by air pollution, occupational carcinogens, diet-
ary risks, metabolic risks, and other environmental risks.
In the high SDI quintile, the leading three risk factors
were tobacco, occupational carcinogens, and metabolic
risks. In the middle, low-middle, and low SDI quintiles,
tobacco, air pollution, dietary risks, occupational carcin-
ogens, metabolic risks, and other environmental risks
were ranked in order of risk among deaths and DALYs
from high to low. As for the ASRs (Fig. 6), all the risk
factors showed a decreasing trend with time among
males, except for metabolic risks with a stable trend. Be-
sides, the air pollution and occupational carcinogen-
related ASRs and their trends were similar. However, for
females, tobacco-related ASRs increased initially and
then decreased. Metabolic risks showed an obvious in-
creasing trend. Air pollution-related ASRs were high and
kept decreasing among females, second to tobacco.
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Discussion

At present, lung cancer continues to be a major global
public health problem. The ASIR was stable globally,
but the ASDR and age-standardized DALY rate de-
creased generally. However, the change trend of ASIR
and ASDR among sexes was on the contrary. ASIR and
ASDR of TBL cancer in females showed an increasing

trend, which is contrary to males. Therefore, though
males carried the majority burden of TBL cancer, we
should attach importance to the higher growth rate of
women and its related risk factors among various re-
gions [12]. The burden of lung cancer in men was re-
ported largely determined by smoking patterns,
although other factors such as air pollution and
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occupational exposure also play a role. While the bur-
den of lung cancer in women was found to be associ-
ated primarily with smoking patterns, it is also
associated with other risk factors, including air pollu-
tion and occupational exposure et al. [13]. Especially in
East Asia, where smoking by women remained uncom-
mon, indoor air pollution from cooking and heating
played a major role in lung cancer incidence [14]. Age-
standardized DALY rate of TBL cancer kept decreasing
in both genders worldwide, which might due to the im-
provement of lung cancer treatment [15, 16] and vari-
ation of related risk factors, which was consistent with
the global disease trend [17].

The burden and its trend of TBL cancer varied among
regions. East Asia, Western Europe, and high-income
North America (Canada and USA), where smoking up-
take began earliest, had higher burden of TBL cancer,
which might result from historical smoking patterns [18]
and epidemic [12]. Indeed, lung cancer mortality began
to increase 20 to 30 years after the onset of widespread
smoking, and peak 30 to 40years after the peak of

smoking in the population [19]. Burdens were imbal-
anced among the five SDI quintiles, which might result
from the inequalities in access to health care [20-22]. At
present, one third of the TBL cancer burden was in the
high SDI quintile, where ASRs decreased most, which
might benefit from the advanced medical conditions [23,
24]. A previous study in California showed that in the
high SDI quintile, the TBL burden among males de-
creased [25]. All indicators were always lowest in the
low SDI quintile. However, data in low SDI quintile is
scarce, and the detected trends should be treated
cautiously.

China and the USA always had the highest burden of
TBL cancer, which might be partly due to their high
population. Females in the UK and males in Russia also
bore a great TBL cancer burden. It is reported that the
mortality of lung cancer declined in the USA, benefiting
from the decline in smoking rates and clean air legisla-
tion [26]. In 2017, Greenland and Hungary had higher
ASRs than other districts, whereas Malawi had the low-
est. Consistent with the previous data, the ASIR and
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ASDR of lung cancer in Hungary were higher than those
in Western-European countries [27]. Another study also
stated that the incidence and survival rates of lung can-
cer in Greenland were comparable to those in northern
European countries [28]. In addition, females in Spain
and France, and males in Georgia and China had a faster
increase of ASRs, which deserves further investigation.
In Europe, lung cancer rates were falling for smoking
men and rising for smoking women overtime [29]. Previ-
ous studies indicated that female heavy smokers had a
higher risk of lung cancer compared to men [30, 31].
The gender difference may stem from differences in the
number of men and women who smoke and how their
bodies react to tobacco. In addition to smoking and
other sex-related factors that may increase a woman’s

susceptibility to lung cancer, such as genetic

susceptibility, sex hormone exposure [32, 33], and mo-
lecular characteristics [34]. However, the biological basis
of gender differences is controversial and requires fur-
ther evaluation.

ASRs were also higher in Australasia [35], Europe, and
East Asia. South Asia, Western, and Eastern sub-Saharan
Africa had the lowest ASRs. The huge differences in
TBL cancer morbidity and mortality among sexes, coun-
tries, and regions remind us that the government should
investigate in-depth the reasons such as genetic factors,
risk factors, policy adoption, and medical technology. A
previous study described that the difference in lung can-
cer mortality between genders in Latin America was at-
tributable to smoking patterns [36]. The burden of lung
cancer varied in different countries and regions partially
result from the gap of health-care resources [37-39],
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leading to different opportunities for diagnosis and treat-
ment outcomes.

The leading cause of death and DALYs was behav-
joral risks (including smoking, secondhand smoke,
and low-fruit diet), followed by environmental/occu-
pational and metabolic risks (high-fasting plasma glu-
cose level). The contribution of all the risk factors to
death increased with age, which showed an accumula-
tive effect [40]. In high-income North America and
Asia, the government should take necessary measures
to alter the impact of behavioral risks on ASDR. The
mortality rates of lung cancer were high in countries
where smoking uptake began earliest, especially in
North America and Europe [41]. In the low-middle
and low SDI quintiles, the top 3 risk factors of TBL
cancer deaths and DALYs were air pollution, tobacco,
and dietary risks (low-fruit diet). In China, high levels
of fine particulate matter (PM2.5) might attribute to
its huge TBL cancer burden [26, 42]. Measures to
prevent and control home ambient particulate matter
pollution and household air pollution from solid fuels
should be further strengthened [43], especially in less
developed areas. ASRs attributable to tobacco among
females increased until 2013 and then decreased,
which might have resulted from the period of smok-
ing cessation. Women started quitting smoking mostly
in the 1980s, which was later than the anti-smoking
movement by the US Department of Health in 1964
[12]. For males, the effect of tobacco on the prognosis
of patients with TBL cancer has diminished, consist-
ent with the previous cigarette epidemic [18]. These
changes are largely due to the tobacco control world-
wide. Lung cancer mortality rates began to increase
in the population 20 to 30years after widespread
smoking began [12]. Although tobacco control was
popular in the past 50years, the decline in smoking
rates may have stalled at the current levels.

As regards metabolic risks (high-fasting plasma glu-
cose level), the prognosis in female patients showed an
increasing trend, whereas that of males was stable. Meta-
bolic risk-related [44] ASDR increased in most regions,
indicating fasting glucose level elevated TBL cancer
death. Some studies provided evidence that diabetes cor-
related with an elevated risk of lung cancer mortality
[45, 46], and baseline fasting plasma glucose level was an
independent predictor of lung cancer survival [47]. An-
other large prospective study revealed that pre-existing
diabetes was related to the poor prognosis in women
with lung cancer [48]. A meta-analysis suggested that di-
abetics patients have an increased risk of lung cancer, es-
pecially women [49], similar to another study [50]. The
mechanisms of the difference between genders, such as
hormonal and environmental levels, deserve further
investigation.
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The main strength of this study is that we presented a
comprehensive review of the TBL cancer burden based
on the most recent national estimated data worldwide.
However, this study also has some limits. Owing to the
breadth and complexity of the data, the TBL cancer bur-
den should be interpreted with caution. Few data are
available from countries with lower SDI values, and the
burden may be underestimated owing to the different
levels of registration management. Although the GBD
study data are considered of high quality, the accuracy
of cancer information collected, extracted, and reported
in population-based cancer registries must be improved.
Owing to the lack of specific information such as TBL
cancer classification, staging, and treatment, further ana-
lysis is difficult to achieve.

Conclusions

Our study provides a comprehensive overview of the
global TBL cancer burden. Incidence, mortality,
DALYs, ASRs, and their trends varied substantially by
gender, age, socioeconomic status, ethnicity, and
geography. The incident cases, mortality, and DALYs
of TBL cancer kept increasing worldwide. Asia had
the greatest TBL cancer burden, followed by high-
income North America. The leading cause of death
and DALYs in TBL cancer was tobacco, followed by
air pollution. Further investigation is warranted to de-
termine the causes of these changes.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513045-020-00915-0.

Additional file 1. GBD overview.

Additional file 2: Figure S1. Age-standardized rates (per 100,000) of
TBL cancer among regions based on SDI in 2017. Figure legends: (a)
ASIR among females, (b) ASIR among males, (c) ASDR among females, (d)
ASDR among males, (e) Age-standardized DALY rate among females, (f)
Age-standardized DALY rate among males. ASIR, age-standardized inci-
dence rate; ASDR, age-standardized death rate; DALY: disability adjusted
life-year; SDI, socio-demographic index.

Additional file 3: Figure S2. The proportion of different age subgroups
in TBL cancer burden by years. Figure legends: (a) incident cases, (b)
deaths and (c) DALYs. DALY: disability adjusted life-year.

Additional file 4: Table S1. Three countries/regions with top and
bottom burden of tracheal, bronchus, and lung cancer.

Additional file 5: Table S2. The incidence, deaths, DALYs and
variations of TBL cancer from 1990 to 2017 among countries.

Additional file 6: Table S3. The ASRs and variations of TBL cancer from
1990 to 2017 among countries.

Additional file 7: Figure S3. The ASDR and DALY of TBL cancer among
different regions, genders and risk factors. Figure legends: The left
column in each group is data in 1990 and the right column in 2017. (a)
ASDR among both sexes; (b) Age standardized DALY rate among both
sexes; () ASDR among female; (d) Age standardized DALY rate among
female; (e) ASDR among male; (f) Age standardized DALY rate among
male. ASDR, Age standardized death rate; DALY: disability adjusted life-

year.
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Additional file 8: Figure S4. The change trends of TBL cancer deaths
among SDI quintiles and risks over 28 years. Figure legends: SDI, socio-
demographic index.
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