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Background: Tobacco exposure (TE) is the major contributor to lung cancer mortality worldwide. This
study aims to clarify the possible reasons underlying the long-term trends and differences in lung cancer
mortality attributable to TE in China and the United States of America (USA).

Methods: Lung cancer mortality data from China and the USA were obtained from the Global Burden
of Disease (GBD) Study 2017. Joinpoint regression analysis was used to assess the magnitude and direction
of trends from 1990 to 2017, and the age-period-cohort model (APCM) was used to analyze the temporal
trends of lung cancer mortality by age, period, and cohort.

Results: For lung cancer attributable to smoking, the age-standardized mortality rates (ASMRs) exhibited
an upward trend in China and a downward trend in the USA. The overall net drifts per year were 0.72% for
China and -3.03% for the USA, and the local drift values in China and the USA increased by age group. All
cohort/period relative risks (RRs) increased in China but decreased in the USA. The longitudinal age curves
increased rapidly in China, whereas those in the USA were rose gradually. For lung cancer attributable to
secondhand smoke, the ASMRs showed a downward trend in both China and the USA. The overall net
drifts per year were -0.48% for China and -3.97% for the USA, and the local drift values in China and the
USA also increased by age group. Cohort/period RRs decreased in the USA, and fluctuated in China. The
longitudinal age curve trends in China and the USA were similar to those of smoking.

Conclusions: The dangers of TE in China remain serious. The rates of lung cancer mortality attributable
to TE have increased, especially in older individuals. We recommend that China strengthens the
implementation of effective targeted tobacco control policies and other interventions to reduce the burden of

lung cancer.
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Introduction

In recent decades, lung cancer has surpassed all other
cancers for morbidity and mortality worldwide. According
to the Global Cancer Observatory (GLOBOCAN) 2018,
there were approximately 2.1 million new cases of lung
cancer globally, accounting for 11.6% of all new cancer
patients in that year, and approximately 1.8 million deaths,
accounting for 18.4% of all cancer-related mortality (1).
More than one-third of all newly diagnosed lung cancer
cases occurred in China. According to the age-standardized
incidence rate by world standard population (ASIRW), the
incidence of lung cancer in China is 36.09/100,000, the
cumulative incidence is 4.42% (0-74 years), the mortality
rate is 28.41/100,000, and the cumulative mortality rate
is 3.34% (0-74 years). Also, the rates of morbidity and
mortality of lung cancer are higher in males than in
females (2). As in China, lung cancer is the leading cause of
cancer death among both men and women in the United
States of America (USA), accounting for one-quarter of
all cancer-related mortality (3). However, in recent years,
the incidence of lung cancer in the USA has continued to
decline, with the rate of decline being twice as rapid in men
as in women. The lung cancer mortality rate decreased
by 48% from 1990 to 2016 among males, and by 23%
from 2002-2016 among females (3). Thus, identifying the
controllable risk factors that led to a decrease in lung cancer
mortality trends in the USA is crucial.

Tobacco exposure (TE) primarily refers to active
smoking and second-hand smoke. Each year, almost
7 million people died from TE globally, with approximately
6 million of these being active tobacco users and an
estimated 890,000 being non-smokers exposed to second-
hand smoke from 2008-2016 (4,5). Smoking remains the
major etiological factor, contributing to 87% of all lung
cancer deaths (6). The different phases of the smoking
epidemic have affected the patterns of lung cancer incidence
and mortality (7). Smoking has a causal relationship with
lung cancer, and secondhand smoke has also been associated
with an increased risk of lung cancer in non-smokers (8).
In 2017, smoking was ranked highest for cancer burden in
China, with secondhand smoke was ranked among the top
10 risk factors (9). Therefore, in our study, we analyzed
both smoking and secondhand smoke to comprehensively
reflect the impact of TE on lung cancer.

In China, smoking habits and behaviors among the
population have become more westernized (10). In 2019,
the World Health Organization (WHO) reported estimates

© Annals of Translational Medicine. All rights reserved.

Wu et al. A comparison of lung cancer attributable to TE in China and the USA

for the prevalence of smoking in all countries in response
to the global tobacco epidemic (11). China was reported to
have a higher prevalence of smoking and higher levels of
exposure to second-hand smoke than the USA. Additionally,
China had experienced a smaller decline in the prevalence
of smoking.

In this study, we compared lung cancer mortality
attributable to TE in China and the USA from 1990
to 2017. We collected data from the Global Burden of
Disease (GBD) Study 2017, and used the age-period-cohort
model (APCM) with an intrinsic estimator (IE) algorithm
to analyze the temporal trends of lung cancer mortality
based on the independent effects of chronological age,
time period, and birth cohort. There are currently a small
number of studies on the differences between age groups;
however, they all lack comprehensive analyses of the
possible reasons underlying the long-term trends of lung
cancer mortality attributable to TE.

We present the following article in accordance with the
MDAR checklist (available at: http://dx.doi.org/10.21037/
atm-20-996).

Methods
Data source

The GBD 2017 study included data on 84 behavioral,
environmental, occupational, and metabolic risks or
clusters of risks, 282 causes of mortality, 359 diseases and
injuries, and Health Adjusted Life Expectancy (HALE)
for 195 countries and territories from 1990 to 2017.
The study quantified the impact of hundreds of diseases,
injuries, and risk factors in countries around the world,
and to date is the most comprehensive effort to measure
epidemiological trends worldwide. In the GBD2017 study,
four elements were considered in assessing the burden of
disease including: the metric of burden being assessed (such
as a number of deaths), the exposure levels for a risk factor,
the relative risk (RR) of a given outcome due to exposure,
and the counterfactual level of risk factor exposure. Data
are available at the GBD Data Tool repository and can be
accessed at http://ghdx.healthdata.org/gbd-results-tool (12).

To analyze the status of lung cancer mortality
attributable to TE in China and the USA, the relevant data
on lung cancer mortality were extracted including annual
mortality cases, the age-standardized mortality rate (ASMR)
by year, and the age-group mortality rate. For the purposes
of our study, lung cancer (C33-C34) included cancers of
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the trachea, bronchus, and lungs in accordance with the
International Statistical Classification of Diseases and

Related Health Problems (ICD)-10.

Statistical analyses

Since the age structure of Chinese and American
populations is different, it was necessary to perform
standardization to compare mortality trends. ASMR was
used to estimate the trend. The ASMR (per 100,000 people)
is calculated by the direct method, which is the sum of
the age-specific rates (#, where I denotes the i age class)
and the number of persons (or weight, w;) in the same age
subgroup (i) of the chosen reference standard population,
divided by the sum of standard population weights. The
formula used is as follows:

A
ASR = 2219 100,000 (1]
i=1 w;

Joinpoint software (Version 4.7.0.0) was used to calculate
the annual percentage change (APC) and the corresponding
95% confidence intervals (CIs) to assess the magnitude and
direction of trends over time for mortality rate by joinpoint
regression analysis. Joinpoint software calculated the trend
data with the natural logarithm of age-standardized rates
as the dependent variable (y) and the calendar year as the
independent variable (x), and fitted the linear model: y = a
+ px + &, (a: constant term, P: regression coefficient, and &:
random error term). APC was estimated by the regression
coefficient, expressed as a percentage: APC = 100 x (¢~1).
The tests of significance used a Monte Carlo permutation
method, and the overall asymptotic significance level was
maintained through a Bonferroni correction (13). Three
joinpoints were used to uniformly detect four different
trends in order to investigate the trend of mortality rate of
lung cancer attributable to TE in different periods. The
population etiologic fraction (PEF), which indicates the
risk of TE in the population, was determined by dividing
the mortality attributable to TE by the total mortality.
Correlation analysis was used to evaluate the strength of the
relationship between lung cancer attributable to TE and
total lung cancer.

To assess death risks in the population in a particular
year and the accumulation of health risks since birth,
we used the APCM. The APCM allows for the analysis
of the independent effects of age, period, and cohort on
temporal trends in lung cancer mortality attributable to
TE, and assessment of the relative contribution of both TE

© Annals of Translational Medicine. All rights reserved.

Page 3 of 12

and tobacco controls. Age effect represents the change in
the mortality rate of diseases caused by physiological and
pathological changes with age; period effect represents
the change in the mortality rate of diseases caused by
various events over time; cohort effect represents the
change in the mortality rate of diseases caused by lifestyle
or different exposure risk factors. The APCM provides a
useful parametric framework that complements standard
nonparametric descriptive methods. In the APCM, the
collected data needed to be converted to successive 5-year
age groups and consecutive 5-year periods.

Since the GBD dataset did not provide successive 5-year
age groups for smokers under 29 or over 95 years of age,
the mortality rates of lung cancer attributable to smoking
were recorded into successive 5-year age groups (from
30-34 to 90-94 years) and consecutive 5-year periods (from
1990-2017). Also, since the GBD dataset did not provide
successive 5-year age groups under 24 or over 95 years
of age for secondhand smoke, the mortality rates of lung
cancer attributable to secondhand smoke were recorded
into successive 5-year age groups (from 25-29 to 90—
94 years) and consecutive 5-year periods (from 1990-2017).
The general linear model was used to analyze the slope of
the period/cohort RRs. The APCM was performed using
the “apc” package in R statistical software (R version 3.5.1).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All our
research data are obtained from GBD 2017, the website was
http://ghdx.healthdata.org/gbd-results-tool. GBD 2017 was
publicly available for free use. The ethical approval was not
required.

Results

Temporal trends in the ASMRs of lung cancer attributable
to TE from 1990 to 2017

In our study, for lung cancer attributable to smoking, there
were 7,115,511 lung cancer cases in China (6,327,727 males
and 787,784 females) and 3,588,241 lung cancer cases in the
USA (2,153,434 males and 1,434,807 females) aged between
30 and 94 years old from 1990 to 2017. The ASMRs of
lung cancer attributable to smoking for both sexes in China
were lower than those in the USA from 1990 to 2013, with
no significant difference in the ASMRs between China and
the USA from 2014 to 2017 (Figure 1A). In this period, the
ASMRs in China increased significantly [average annual
percentage change (AAPC): 1.8%; 95% CI: 1.3%, 2.2%],
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Figure 1 The temporal trends of the age-standardized mortality rates (ASMRs) for lung cancer attributable to tobacco exposure for both

sexes (by sex) in China and the USA.

and decreased substantially in the USA (AAPC: -2.0%;
95% CI: -2.2%, -1.8%) (Tuble I). The temporal trends of
the ASMRs for lung cancer attributable to smoking by sex
in China and the USA are shown in Figure 1B. For males,
the ASMRs in China were lower than those in the USA
from 1990 to 2007. However, after 2010, the ASMRs in
China were considerably higher than those in the USA.
For females, the ASMRs in China were consistently lower
than those in the USA from 1990 to 2017. The changes in
the ASMRs in both countries were similar for both sexes
(Tible 1).

For lung cancer attributable to second-hand smoke,
there were 936,960 lung cancer cases in China (485,061
males and 451,899 females) and 128,511 lung cancer cases
in the USA (79,217 males and 49,294 females) aged between
25 and 94 years from 1990 to 2017. Prior to 2007, there
were no significant differences between China and the USA
in the ASMRs of both sexes for lung cancer attributable to
secondhand smoke. However, after 2008, the ASMRs in
China were higher than those in the USA (Figure 1C,D).
In this period, the ASMRs in China increased significantly
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(AAPC: 0.5%; 95% CI: 0.2%, 0.8%), but decreased
markedly in the USA (AAPC: -3.7%; 95% CI: -4.1%,
-3.3%) (Table 1).

Prior to 2010, there was no significant difference
between China and the USA in the ASMRs of males for
lung cancer attributable to secondhand smoke. However,
after 2010, the ASMRs in China were higher than those in
the USA. For females, there were no significant differences
between China and the USA in the ASMRs of lung cancer
attributable to secondhand smoke before 2002. After 2002,
the ASMRs in China were higher than those in the USA.
The changes of the ASMRs in both countries were similar
for both sexes (Table 1).

APCM analysis of the mortality rate of lung cancer
attributable to TE from 1990 to 2017

Figure 2 shows the net and local drifts for the mortality
rates of lung cancer attributable to smoking in China and
the USA, respectively. Figure 24 shows that the overall
net drifts per year were 0.72% (95% CI, 0.48% to 0.96%)

Ann Transl Med 2020;8(21):1412 | http://dx.doi.org/10.21037/atm-20-996



Page 5 of 12

‘abueyo abejusalad [enuue abelane ‘Odyy ‘@bueyo abejusoiad [enuue ‘Ddy

, Vol 8, No 21 November 2020

icine

(¢o-¢1-) 10~ /102-6002 (€180 L 2102-6002
(ev-8v-) Sv— 6002966 - (€'0- ‘9'0-) 60— 6002-966
(e ‘0¢-) 12 (20— ‘v'2) G1- 9661-0661 (€0t 0 20 (0120 90 9661-0661 olewsa
€y 01L-) 9L 2102-€102 (9020 7’0 2102-€002
(L'e-'8'v-) r'e- €102-900¢ v ‘+o-) 6t €002-6661
(6'¢-‘6'v-) vy (0'9-‘99-) €9- 9002066+ ©'L'v0) 20 (01 €0 90 6661-0661 ale
(70— ‘9" L-) 0= 2102-8002 (090 80 2102-2002
(e'6-09-) 9'G- 800217661 ('L ‘ee-) 10~ 20027002 oyows
(€e-‘L'v-) Le- (90— ‘9'v-) e 7661-0661 (8020 S0 (2’070 90 ¥002-066+ sexes yiog puUBY-puUODSS
(L'e-'62) 8¢ /1025002 (V) it 2102-8002
(e'0-207) G0~ G002-5661 (60 ‘2’0") €0 8002-1002
(L1-¢1-) z- (9120 zL G661-0661 (9c'z2 v'e (87 ‘v'v) 9v 10020661 olewsay
(e'e'9¢) €0 2102-5102 (e'1'80) L 2102-€002
(ce-'9¢-) v'e- G102-2002 (0e ‘02 ge €002-7661
(ec-'8'2) 9¢- (e-‘ee) L'e- 2002066+ (e St (ez'so-) 60 7661-0661 SN
(52 'ge) G0- /102-G102 (V)] it 2102-2002
(6'c-‘c¢e-) Le= G102-€002 (se‘gv) 70— 20027002
(8'1-22) 0¢- (L'1="v"1-) Z- €002-0661 eceh) 8L (9c'e) Ge ¥002-0661 sexas yjog Bunows
(%) 10 %56 (%) OdWV (%) 10 %S6 (%) OdV Jea) (%) 10 %56 (%) OdWY (%) 10 %56 (%) OdV Jeap Kioboro ainsodxe
vsn BUIYD 000eqO] JO 8dAL

Annals of Translational Med

£107 02 0661 WOIj YS PUe BUIYD) Ur 21nsodxa 09eq01 01 9[qeIngLnie 1ooued Sunj jo el Arferiows ut puan [erodura oy T, [ d[qe,

Ann Transl Med 2020;8(21):1412 | http://dx.doi.org/10.21037/atm-20-996

© Annals of Translational Medicine. All rights reserved.



Page 6 of 12
1 -
A 5 -+ China B
121 - United States
g 9 g
> 6 >
g 3 R ri‘i g
*GC: 01 P 0.72 (China) g
o -31- u~{ﬂ=’-:- S S & £SO — -303(USA) O
o o
o —64 4+ { : o
—94
—124

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Age
The net drifts and local drifts for the mortality rates of lung
cancer attributable to smoking in China and USA

Wu et al. A comparison of lung cancer attributable to TE in China and the USA

~+ China-male

-= China-female

- United States-male
» United States-female

__»0.99 (Chinese female)

A 0.69 (Chinese male)
—2.36 (American female)
—-3.61 (American male)

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Age

The net drifts and local drifts for the mortality rates of lung

cancer attributable to smoking by sex in China and USA

Figure 2 The net drifts and local drifts for the mortality rates of lung cancer attributable to smoking for both sexes (by sex) in China and the

USA.

for China and -3.03% (95% CI, -3.25% to -2.82%) for
the USA, and the local drift values in China and the USA
increased by age group. Figure 2B shows the overall net
drifts per year by sex in China and the USA. The results
were similar for both sexes, and the local drift values in
China and the USA also increased by age group.

Figure 34,B shows the longitudinal age curves for the
mortality rates of lung cancer attributable to smoking in
China and the USA. In the same birth cohort, the mortality
rate in China increased gradually, reaching a peak in the
90-94 age group. However, the mortality rate in the USA
reached a peak in the 80-84 age group and then declined.
By country, the trend was similar for both sexes.

Figure 3C,D shows the trend of the estimated period RRs
in China and the USA. The period RRs in China increased
from 1990 to 2017, while the period RRs in the USA
decreased during this time. Compared to the USA, period
RRs in China were lower before 2002, but higher after
2002. By country, the trend was similar for both sexes.

Figure 3E,F shows the trend of the estimated cohort RRs
in China and the USA. The cohort RRs in China were on
an upward trend before 1955, and fluctuated in the period
between1960 and 1985. Meanwhile, the cohort RRs in the
USA were consistently on a downward trend. Compared
to the USA, the cohort RRs in China were lower prior to
1940, but higher after 1940.

Figure 4 shows the net and local drifts for the mortality
rates of lung cancer attributable to secondhand smoke in
China and the USA, respectively. Figure 44 shows that the
overall net drifts per year were -0.48% (95% CI, -0.69%
to -0.27%) for China and -3.97% (95% CI, -4.26% to
-3.67%) for the USA. The local drift values in China and
the USA increased by age group. Figure 4B shows the

© Annals of Translational Medicine. All rights reserved.

overall net drifts for each year by sex in China and the USA.
The results were similar for both sexes, and the local drift
values in China and the USA also increased by age group.

Figure 5A,B shows the longitudinal age curves for the
mortality rates of lung cancer attributable to secondhand
smoke in China and the USA. In the same birth cohort,
the mortality rate in China increased gradually, reaching a
peak in the 90-94 age group. However, the mortality rate
in the USA reached a peak in the 65-69 age group and then
declined. By country, the trend was similar for both sexes.

Figure 5C,D shows the trend of the estimated period RRs in
China and the USA. The period RRs in China and the USA
decreased from 1990 to 2017. Compared to the USA, the
period RRs in China were lower prior to 2002 but were higher
after 2002. By country, the trend was similar for both sexes.

Figure SE,F shows the trend of the estimated cohort RRs
in China and the USA. The cohort RRs in China were on
an upward trend before 1950, and on a downward trend
from 1955 to 1990. Meanwhile, the cohort RRs in the USA
were on a consistently downward trend. Compared to the
USA, the cohort RRs in China were lower prior to 1940 but
higher after 1940.

Discussion

China, with over 350 million smokers, is the largest
tobacco producer and consumer in the world (14). Shi
et al. found that the total estimated expenditure of lung
cancer attributable to smoking in China in 2015 was
US$5.249 billion, accounting for 0.79% of China’s total
healthcare expenditure. This expenditure is likely to
increase given the current trends in lung cancer (10). In
China, the economic burden of lung cancer attributable to
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smoking in 2015 was considerably greater than that of all
other cancers in 2008, accounting for more than one-third
of the direct expenditure for lung cancer (15-17). In our
study, ASMR trends reflect the shifting patterns of disease
in a population and provide clues about the changing
factors. For lung cancer cases attributable to smoking, the

© Annals of Translational Medicine. All rights reserved.

ASMR in China was twice that of the USA from 1990 to
2017, while for lung cancer cases attributable to secondhand
smoke, the number in China was seven times that of the
USA. The trends of ASMR attributable to TE increased in
China and decreased in the USA, which was similar to the
trends of all lung cancers (see Table S1). PEFs in smoking
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increased from 52.7% to 62.7% in China and decreased
from 82.7% to 66.5% in the USA. PEFs in secondhand
smoke decreased both in China and the USA (see Table S2).
Smoking was the primary contributing factor to lung cancer
attributable to TE.

In order to identify the reasons for the different trends
in lung cancer mortality attributable to TE in the two
countries, we used an APCM for analysis. The APCM could
analyze the independent effects of age, period, and cohort
on temporal trends in lung cancer mortality attributable
to TE, and assess the relative contribution of both TE and
tobacco controls. Our study sought to analyze differences
in the trends of lung cancer mortality attributable to TE
between China and the USA during the period 1990-2017.
For smoking, the overall net drift in China was above 0,
while in the USA it was below 0. This suggests that lung
cancer mortality attributable to smoking had exhibited an
upward trend in China and a downward trend in the USA.

© Annals of Translational Medicine. All rights reserved.

In the local drifts, lung cancer mortality in China increased
in the 50-94 age group, whereas in the USA, it increased
in the 85-94 age group. This demonstrates that the 50-94
age cohort was the main contributor to the rising morality
rate of lung cancer attributable to smoking in China. For
secondhand smoke, the overall net drift in both China and
the USA was below 0, suggesting that lung cancer mortality
attributable to secondhand smoke exhibited a downward
trend in both countries, although the decline was less
significant in China compared to the USA. In the local
drifts, lung cancer mortality in China increased in the 60-94
age group, and decreased in all age groups in the USA. This
suggests that people in the 60-94 age cohort maybe at an
increased risk from secondhand smoke. We also found that
the longitudinal age curves in both countries increased with
age. The higher mortality rates among older age groups
is consistent with relevant WHO studies (11), and also
with age-related decline in immunity and increased risk of
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Figure 5 The age-period-cohort results in the mortality rate of lung cancer attributable to secondhand smoke for both sexes (by sex) from

1990 to 2017.

disease. Therefore, treatment strategies should be focused
on older age groups to achieve better control outcomes.

For lung cancer attributable to TE, the period RRs in
the USA consistently indicated a downward trend from
1990 to 2017. The United States Congress passed the
Federal Cigarette Labeling and Advertising Act and the
Cigarette Act in 1965 and 1969, respectively. Also, the
Family Smoking Prevention and Tobacco Control Act,
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An

passed in the USA in 2007, was more stringent than the
WHO'’s Framework Convention on Tobacco Control
(FCTC). Meanwhile, the period RRs in China indicated
an upward trend overall, although they declined in the
period between 2005 and 2010. China, a signatory to the
FCTC (which became operational in 2006), implemented
restrictions on the packaging, advertising, and ingredients

of tobacco products. For example, a cigarette with 15 mg of
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tar would be regarded as an unqualified product and thus
be prohibited from entering the cigarette market. With the
implementation of the FCTC in China, the behavior and
awareness of tobacco control among the Chinese population
greatly improved, and the smoking rate in public places
declined, which might explain the decrease in period RRs
in China for TE in 2005-2010. However, the China Adult
Tobacco Survey Report [2015] found that the smoking
rate in China was still high and the rate of exposure to
secondhand smoke remained unchanged (18). This situation
showed that tobacco control measures in China were
insufficient, which may explain the increase in the period
RRs for TE. Considering its large population, China must
remain vigilant about TE.

The cohort RRs reflect the effects of socioeconomic
status changes or different risk factors on people born in
different years. The cohort RRs in the USA decreased
significantly in the 1900 to 1990 birth cohorts, while those
in China increased in the 1900 to 1950 birth cohort, and
subsequently decreased in the 1965 to 1990 birth cohort.
The cohort RR in China in 1965 was similar to that of
the USA in 1935, and the downward trend from 1965
to 1990 in China was similar to that from 1935 to 1960
in the USA. There appears to be a gap of approximately
30 years between the two countries. The USA began
enacting legislation regarding tobacco controls in 1965,
while China only began in 2006; again, a gap of about
30 years. The evidence above suggests that lung cancer
mortality attributable to smoking declines following the
implementation of tobacco control policies by governments.
Although the current tobacco control policy in China
has been effective, China should learn from the advanced
tobacco controls experiences in other countries and establish
a comprehensive tobacco control system in accordance with
its own national conditions to continue reducing its lung
cancer burden.

People smoke for a variety of reasons, including tobacco
addiction, level of education, family atmosphere, and
social factors. Compared to the USA, social and etiquette
smoking for Chinese people is significant, especially
in young and middle-aged smokers. This presents an
opportunity to provide people with psychological and
behavioral advice, particularly for those individuals with
social needs, encouraging them to be more confident in
refusing cigarettes that are offered to them. Gradually
shifting traditional psychology and habits will be beneficial
in reducing national smoking rates and increasing the age
of first-use of cigarettes. Also, tobacco control measures

© Annals of Translational Medicine. All rights reserved.
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in China are primarily aimed at the operators of public/
business areas, while punishment measures for smokers are
relatively limited compared to the USA, which will likely
lead to a slower effect of tobacco controls in China (19).
Furthermore, in China, females aged 60 years and males
aged 40 years had the highest smoking rates among the
population (20), which may be due to the longer life
expectancy and lower education level of elderly Chinese
women. This indicates that China should not neglect the
psychological and living habits of elderly female smokers
when formulating tobacco control policy, especially
considering that the lung cancer burden attributable to TE
in China’s elderly population is significantly higher than
that in the USA (Figures 34,B and 5A,B). Moreover, a large
number of studies report that socioeconomic status affects
cancer mortality, and may result in delayed detection of
cancer and variations in the quality of treatment and health
behaviors (including therapeutic compliance) (21-23). For
instance, occupation, which largely determines the income
of workers and is one of the representative indicators
of socioeconomic status, has been recognized as a basic
social determinant of health, affecting the incidence and
mortality of cancer (24). In Korean and Japanese studies,
significant disparities in cancer survival were found among
different occupation types (23,24). Since China’s economic
reform and opening-up, socioeconomic levels in the
country have improved substantially, and health awareness
has been enhanced among the population, which is one
of the reasons for the decline in the lung cancer mortality
rate since 1965.

GBD 2017 could provide sufficient data containing
age- and sex-specific all-cause and cause-specific mortality
to reduce the possibility of misclassification of outcomes.
Based on the effects of age-period-cohort analysis of the
temporal trends of lung cancer mortality attributable to
TE, and a comprehensive comparison between China and
the USA, we found that the risk of death from lung cancer
attributable to TE was higher in China than in the USA. If
the low smoking age and poor tobacco control measures in
China are not improved, death from lung cancer caused by
TE will result in enormous economic burdens, especially
considering China’s population (4).

Some limitations of this study should be noted.
Firstly, although the GBD 2017 underwent numerous
modifications and adjustments to its data sources, collation,
and evaluation methods to improve its data quality and
comparability, avoiding bias is difficult. For example, one
such bias is that various ways to adjust for mortality data
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are reported by different countries, and thus, the integrity
and accuracy of the data in our study was inevitably and
unavoidably affected. That being said, it is important
to note that using the GBD database to show the long-
term trends will not have had an intolerable impact to the
present study and minimally affects changes to the long-
term trends (25-27). Secondly, the accuracy of data for
lung cancer mortality attributable to smoking depends on
the establishment and improvement of disease monitoring
systems. Chinese data from early years may be inaccurate,
which presents a further limitation of our study. Thirdly,
the smoking initiation age in China is 20.2 years, and is
gradually approaching that of the USA (17.2 years). In
other words, the smoking population is gradually becoming
younger (28). However, since the GBD 2017 did not
contain the period and age intervals data, which should be
fixed and equal in the APCM, we did not analyze the lung
cancer mortality attributable to smoking in the 0-30 age
group or lung cancer mortality attributable to secondhand
smoke in the 0-25 age group. Therefore, additional
studies are required to analyze the lung cancer mortality
attributable to TE, especially in the 0-30 age group.
Lastly, for the APC model, despite the non-bias, validity,
asymptotic features, and superior estimation ability of the
IE method, limitations nonetheless exist. For instance, the
parameter estimates generated using this method are not
intuitive, the theory behind this method is complicated,
and the actual meaning of parameter estimates could not
be explained (29,30).

In conclusion, tobacco control strategies have been
proven effective in the prevention of lung cancer across
a range of different environments. Based on the above
findings, China should endeavor to implement targeted
tobacco control strategies to reduce the effect of TE on
lung cancer mortality over the coming years, which will
help to reduce its lung cancer burden.
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