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Abstract: Tracheal, bronchus, and lung (TBL) cancer is the most common malignant tumor worldwide. This study
aims to grasp the characteristics of the TBL cancer burden in China and the United States (USA). Data included
incidence, deaths, and disability-adjusted life years (DALYs) as well as their age-standardized rates (ASRs) among
different gender, age and risk factors. Joinpoint Regression Model and Age-period-cohort (APC) analysis were used
to evaluate the variation tendency and effect of the risk factors. China and USA bore almost half of the TBL cancer
burden, especially for males. ASRs of TBL cancer increased in China, but decreased in USA. In China, three factors
related to TBL cancer deaths and DALYs related were tobacco, air pollution, and diet low in fruits; in USA, these are
tobacco, occupational carcinogens, and high fasting plasma glucose. The younger the population, the less impact
of birth cohort on morbidity and mortality. According to APC analysis, age effect played a key role in morbidity and
mortality of TBL cancer, and the risk increased with age. Period effect kept increasing over time, while cohort effect
decreased with the time of birth. Tobacco was always the top risk factor of death and DALYs in both countries. The
policy should be tilted towards air pollution and a diet low in fruits in China, as well as occupational carcinogens and
high fasting plasma glucose in USA. Healthcare reform in both countries should focus on planning how its health
system could effectively prevent and manage TBL cancer at low cost.
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Introduction

Along with the social structure of population
aging, the incidence of chronic non-communi-
cable diseases keeps rising. Tracheal, bron-
chus, and lung (TBL) cancer remains a public
health problem worldwide and its burden varies
among countries [1, 2]. Lung cancer ranks first
for the cancer burden in both China [3] and the
United States (USA) [4], while it causes the
most years of life lost (YLLs) in China [5].

The geographical diversity in cancer burden
exists at different phases of social and eco-
nomic transformation, and the availability of
health resources varies significantly among
countries [6]. For instance, China provides one-

fifth of the world’s population with limited
health care resources, while USA is the third
most populous country worldwide with adv-
anced medical conditions. Based on our previ-
ous study, most of global TBL cancer burden
originated from China and USA [7]. Cigarette
smoking is the major risk factor for lung cancer,
while the cigarette smoking rate differs drasti-
cally between China and USA [8, 9]. Compar-
ative investigation on TBL cancer burden
between China and USA are sparse, which may
generate ideas on its control and prevention
[10].

Therefore, we aimed to investigate the inci-
dence, deaths, risk factors, time trends, and
disability-adjusted life years (DALYs) for TBL
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cancer in China and USA during 1990-2017,
based on the Global Burden of Disease Study
(GBD) 2017 data [11].

Methods
Study data

Data on TBL cancer-related incidence, deaths,
DALYs and their age-standardized rates (ASRs),
from 1990 to 2017, were retrieved from the
GBD database (http://ghdx.healthdata.org/
gbd-results-tool) [12-15]. Data for overall and
the stratification by sex, age groups (15-49,
50-64, and =70 years) and for all known risk
factors were collected from the GBD database.
TBL cancer risk factors in different levels were
obtained as below: Level 1 including metabolic
risks, environmental/occupational risks and
behavioral risks; Level 2 including tobacco
(smoking, secondhand smoke), dietary risks
(low-fruit diet), air pollution (ambient particu-
late matter pollution, household air pollution
from solid fuels), other environmental risks
(residential radon), occupational risks (occupa-
tional exposure to asbestos, chromium, arse-
nic, beryllium, nickel, cadmium, diesel engine
exhaust, polycyclic aromatic hydrocarbons, and
silica) and high fasting plasma glucose level.

Joinpoint trend analysis

The Joinpoint Regression Model (JRM) is a set
of linear statistical models. JRM was used for
assessing trends of diseases over time, i.e.,
and evaluating the significance of changes in
different periods, thus avoiding the non-objec-
tivity of the traditional trend analysis based on
linear trend. The calculation principle of JRM is
the application of the least square method,
estimating the change rule of the disease rate.
The turning point of the changing trend is deter-
mined by calculating the square sum of the
residual error between the estimated and the
real value [16].

JRM was conducted by Joinpoint software (ver-
sion 4.7.0) of the Surveillance Research Pro-
gram from the US National Cancer Institute.
Meanwhile, annual percent change (APC) and
average annual percent change (AAPC) were
calculated. P-value was determined by a Monte
Carlo permutation test, with a significance level
of 0.05. By comparing APC and AAPC with O, we
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ascertained whether the variation trend in dif-
ferent sections is statistically significant.

Age-period-cohort analysis

Based on Poisson distribution, we used Stata
14.0 software (StataCorp, College Station, TX,
USA) to split the variation trend of TBL cancer
morbidity and mortality in the age-period-
cohort (APC) model and estimate the parame-
ter values of age, period, and cohort effects,
respectively. Compared with the traditional
methods, APC model can be used for describ-
ing and explaining the long-term trend of the
morbidity or mortality of disease with the
change of time from three dimensions (age,
period and cohort), and quantitatively analyzing
the contribution of these three factors by con-
trolling the interaction effect [17]. Therefore, it
is widely used in morbidity and mortality inves-
tigation of chronic non-infectious diseases,
especially for malignant tumors. Intrinsic
Estimator (IE) could solve the problem of unrec-
ognized in the APC model by estimable func-
tions [18], generating estimated values of
model parameters by vector space projection
[19].

In the APC model, people with TBL cancer were
divided into consecutive 5-year age groups (20-
24, 25-29, ..., 70-74, 75-79 years), sequential
5-year periods from 1990 to 2017, and relevant
successive 5-year birth cohorts (1917-1921,
1922-1926, ..., 1997-2001, 2002-2006).

Results
TBL cancer burden in China and USA

China and USA accounted for almost half of the
global burden of TBL cancer. In 2017, there
were 813,209 incident cases of TBL cancer in
China (accounting for 37.59% worldwide, male
to female ratio 2.33) and 247,661 incident
cases (accounting for 11.45% worldwide, male
to female ratio 1.30) in USA; 692,388 deaths
in China (accounting for 36.77% worldwide,
male to female ratio 2.22) and 190,697 deaths
(accounting for 10.13% worldwide, male to
female ratio 1.25) in USA; 15,252,918.02
DALYs in China (accounting for 37.27% world-
wide, male to female ratio 2.26) and
3,765,845.01 DALYs (accounting for 9.20%
worldwide, male to female ratio 1.19) in USA
(Figure 1).
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Figure 1. The distribution of TBL cancer burden in 2017 worldwide. A. Incidents; B. Deaths; C. DALYs. DALY, disability

adjusted life-year.
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Figure 2. TBL cancer burden of three age groups in both countries over 28 years. A. Incidents; B. Deaths; C. DALYs.

DALY, disability adjusted life-year.

As shown in Figure 2, incident cases, deaths,
DALYs of TBL cancer in China and USA all
increased by years. From 1990 to 2017, there
was a significant increase (237.38% increase
of incident cases, 187.93% increase of deaths,
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and 140.26% increase of DALYs) in China and
a slight increase (42.16% increase of incident
cases, 24.94% increase of deaths, and 12.18%
increase of DALYs) in USA. In China, the incident
cases, deaths, DALYs for females increased by
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Figure 3. TBL cancer burden of three age groups among females in both countries over 28 years. A. Incidents; B.

Deaths; C. DALYs. DALY: disability adjusted life-year.

229.32%, 182.98%, and 131.87% respective-
ly, while for males these measures increased
by 241.07%, 190.21%, and 144.05%, respec-
tively. In USA, those indicators for females grew
by 74.85%, 52.80%, and 35.28%, respectively;
as for males, they grew by 22.91%, 8.99%, and
-0.88%, respectively.

1932

From 1990 to 2017, the TBL cancer burden for
females and males all increased faster in China
than that in USA. Besides, the main age group
of incident cases and deaths in both countries
was 50+ years old. DALYs of TBL cancer in both
countries was mainly distributed in 50-69 years
old, regardless of the gender (Figures 3 and 4).
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Figure 4. TBL cancer burden of three age groups among males in both countries over 28 years. A. Incidents; B.

Deaths; C. DALYs. DALY: disability adjusted life-year.

Joinpoint regression

As shown in Table 1, during the 1994-2004
and 2007-2017 period, the age-standardized
incidence rate (ASIR) of TBL cancer in China
was on the rise. The ASIR in USA increased
from 1990 to 1995, and decreased from 1995

1933

to 2015. As for age-standardized death rate
(ASDR), it increased during 1994-2004 and
2007-2017 in China. Age-standardized DALY
Rate was on the rise during 1990-2004, 2007-
2012 and 2012-2015 in China; whereas it was
on the decline during 2004-2007, and 2015-
2017.1n USA, ASDR and age-standardized DALY
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Table 1. Log-transformed joinpoint trends of TBL cancer ASRs by sex in China and USA

Burden of lung cancer

Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 1990-2017 2000-2017
Measure Country  Sex
Years APC? Years APC Years APC Years APC Years APC  AAPC' (95% Cl) AAPC (95% CI*)
ASIR? China Both 1990-1994 0.36 1994-2004 1.64* 2004-2007 0.18 2007-2017 2.79* NAt NA 1.7*%(1.3-2.1) 2.1%(1.5-2.6)
Female 1990-2004 0.98*  2004-2007 0.43 2007-2011 2.25* 2011-2015 3.73* 2015-2017 1.06 1.5%(1.3-1.7) 1.8%(1.5-2.2)
Male 1990-1998 0.87* 1998-2003 2.72*  2003-2006 -0.21* 2006-2017 2.60* NA NA 1.8%(1.3-2.3) 2.1%(1.4-2.8)
USA Both 1990-1995 1.64*  1995-2002 -0.43* 2002-2015 -1.95* 2015-2017 1.28 NA NA -0.7%(-0.8--0.5) -1.4*(-1.6--1.2)
Female 1990-1995 3.41* 1995-2002 0.83* 2002-2009 -1.11* 2009-2015 -1.79* 2015-2017 0.78 0.2%(0.1-0.3) -0.9%(-1.0--0.8)
Male  1990-1995 0.49*  1995-2002 -1.52* 2002-2014 -2.60* 2014-2017 0.53 NA NA -1.4*%(-1.5--1.3) -1.9%(-2.1--1.8)
ASDRT China Both 1990-1994 0.10 1994-2004 1.42* 2004-2007 -0.45 2007-2017 1.42* NA NA 1.0%(0.7-1.3) 1.1*%(0.6-1.6)
Female 1990-2003 0.77* 2003-2008 -0.06 2008-2012 1.44* 2012-2015 2.60* 2015-2017 0.28 0.9*%(0.7-1.1) 0.9%(0.6-1.3)
Male 1990-1997 0.51* 1997-2004 2.07* 2004-2007 -1.09 2007-2010 2.43 2010-2017 0.78* 1.0%(0.5-1.6) 1.0%(0.2-1.9)
USA Both 1990-1994  0.47 1994-2003 -0.91* 2003-2014 -2.32* 2014-2017 0.36 NA NA -1.1%(-1.3--1.0)  -1.6%(-1.8--1.4)
Female 1990-1995 1.79*  1995-2002 0.29* 2002-2006 -0.91* 2006-2014 -1.94* 2014-2017 0.03 -0.3*%(-0.4--0.2) -1.1*(-1.2--1.0)
Male 1990-1994 -0.55 1994-2003 -1.93* 2003-2014 -2.89* 2014-2017 0.69 NA NA -1.8*%(-2.0--1.7) -2.1%(-2.3--1.9)
Age standardized DALY Rate China Both 1990-2004 0.46* 2004-2007 -1.47* 2007-2012 1.13* 2012-2015 2.38* 2015-2017 -0.52* 0.5%(0.3-0.7) 0.5%(0.2-0.9)
Female 1990-1998 0.57* 1998-2009 -0.70* 2009-2012 1.28 2012-2015 2.57* 2015-2017 0.20 0.3%(0.1-0.5) 0.3 (-0.1-0.7)
Male 1990-1993 -0.36 1993-2004 0.79* 2004-2007 -1.32 2007-2017 1.38* NA NA 0.6%(0.2-1.0) 0.8%(0.2-1.3)
USA Both 1990-1994 -0.23 1994-2003 -1.51* 2003-2014 -2.77* 2014-2017 0.74 NA NA -1.6*(-1.7--1.4) -1.9(-2.1--1.8)
Female 1990-1995 0.91* 1995-2002 -0.36* 2002-2006 -1.46* 2006-2014 -2.39* 2014-2017 0.28 -0.8*%(-0.9--0.7) -1.5*(-1.6--1.3)
Male 1990-1995 -1.16* 1995-1998 -3.18* 1998-2002 -1.95* 2002-2014 -3.26* 2014-2017 1.20* -2.2*%(-2.5--1.9) -2.3*%(-2.5--2.1)

TAAPC, Average annual percent change; APC, Annual percent change; Cl, confidence interval; ASIR, age standardized incidence rate; ASDR, age standardized death rate; DALY, disability adjusted life-year; NA, not applicable. *Significantly differ-

ent from zero, P value <0.05.
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Figure 5. The variation trend of ASDR (per 100,000 people) of six risks in different genders over 28 years. A. Both
gender; B. Females; C. Males. ASDR, age standardized death rate.

rate decreased in period of 1994-2003 and
2003-2014. On the whole, ASRs of TBL cancer
in both genders increased in China, but
decreased in USA.

Differences of attributable risk factors

Tobacco (including cigarette smoking and sec-
ondhand smoke), air pollution, and a low diet in
fruits were the top three attributable risk fac-
tors of ASDR and age-standardized DALYs rate
of TBL cancer in China. In USA, the top three
risk factors were tobacco, occupational carcin-

1935

ogens, and high fasting plasma glucose
(Figures 5 and 6). Tobacco was the main risk
factor of death and DALYs in both countries.
Besides, it increased in China but decreased in
USA over time. For females, tobacco and air
pollution accounted for similar proportion of
TBL cancer deaths and DALYs related risk fac-
tors in China, whereas in USA, tobacco account-
ed for the majority (Figures 5B and 6B).
Occupational carcinogens had a large ASDR
among males in USA, second to tobacco
(Figures 5C and 6C).
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As shown in Figure 7A, all risk factors-related
TBL cancer death rates increased with age in
both countries since 40 years old, except for
secondhand smoking and household air pollu-
tion from solid fuels in USA. Smoking, ambient
particulate matter pollution, and a diet low in
fruits were the top three risk factors for death
rate and DALYs rate in China (with an evident
cumulative age effect). All risk-related DALY
rates in both countries showed a single age
peak (age of 70 years for China and age of
70-75 years for USA), except for household air
pollution from solid fuels (Figure 8A). Smoking,

1936

a low diet in fruits, ambient particulate matter
pollution, and second smoking had similar
cumulative effects on death rates among
Chinese women (Figures 7B and 8B). However,
smoking exerted a significant cumulative age-
related influence on death rate for females in
USA, but not for males (Figures 7C and 8C).

APC model

As shown in Tables 2 and 3, the age effect on
TBL cancer morbidity and mortality increased
in both countries. The period effect increased

Am J Transl Res 2021;13(4):1928-1951
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Table 2. APC model analysis of TBL cancer morbidity among females and males in both countries

China The United States
o Female Male Female Male
Morbidity
95% CIf 95% Cl 95% Cl 95% Cl
Coef.f ———— p-value Coef. ————— p-value Coef. ———  p-value Coef. ————  p-value
LLf uLf LL uL LL uL LL uL

Age (years)
20-24 240 -3.37 -1.43 0.000 -2.61 -343 -1.80 0.000 -344 -496 -191 0.000 -3.42 473 -210 0.000
25-29 -1.65 -223 -1.06 0.000 -183 -230 -135 0.000 -266 -359 -1.74 0.000 2,76 -3.62 -1.91 0.000
30-34 -115 -160 -0.69 0.000 -132 -169 -095 0.000 -1.79 -241 -116 0.000 -2.04 -2.65 -1.43 0.000
35-39 -0.94 -133 -0.54 0.000 -1211 -142 -080 0.000 -101 -148 -0.55 0.000 -1.26 -1.70 -0.81 0.000
40-44 -0.45 -0.75 -0.14 0.004 -057 -081 -0.34 0.000 -0.31 -0.67 0.04 0.086 -0.48 -0.81 -0.14 0.005
45-49 -0.05 -029 0419 0.682 -013 -031 0.06 0474 0.28 0.00 0.56  0.054 0.23 -0.02 049 0.074
50-54 0.29 0.10 0.49 0.003 0.34 0.20 0.49 0.000 0.78 0.56 1.00 0.000 0.83 0.64 1.03 0.000
55-59 0.57 0.41 0.74  0.000 0.73 0.61 0.85 0.000 1.18 1.01 1.36  0.000 1.29 1.14 1.45 0.000
60-64 1.01 0.87 1.15 0.000 1.20 1.10 1.30 0.000 1.49 1.34 1.65 0.000 1.64 1.51 1.77  0.000
65-69 1.34 1.20 1.47  0.000 1.53 1.43 1.64 0.000 1.73 1.58 1.89  0.000 1.88 1.74 2.02 0.000
70-74 1.62 1.47 1.77  0.000 1.82 1.70 1.94 0.000 1.86 1.67 2.05 0.000 2.02 1.85 2.19 0.000
75-79 1.80 1.61 1.98 0.000 1.94 1.80 2.08 0.000 1.88 1.65 212  0.000 2.05 1.83 2.27  0.000

Period (year)
1992 -0.24 -038 -0.09 0.002 -028 -0.39 -0.17 0.000 -0.36 -053 -0.18 0.000 -0.20 -0.36 -0.04 0.015
1997 -0.48 -0.29 -0.08 0.001 -0.23 -0.31 -0.15 0.000 -0.16  -0.27 -0.04 0.006 -0.09 -0.19 0.01 0.069
2002 -0.112 -0.19 -0.03 0.009 -010 -0.15 -0.04 0.000 -0.00 -0.07 0.05 0.715 -0.01 -0.06 0.04 0.635
2007 -0.03 -0.11 0.05 0.463 -0.02 -0.07 0.04 0.554 0.07 0.01 0.13 0.034 0.00 -0.05 0.06 0.871
2012 0.17 0.07 0.27 0.001 0.22 0.14 0.29 0.000 0.15 0.04 0.27  0.008 0.06 -0.04 0.17 0.226
2017 0.39 0.26 0.53 0.000 0.41 0.31 0.52 0.000 0.30 0.13 0.48 0.001 0.24 0.08 0.40 0.003

Cohort (year)
1917-1921 0.53 0.23 0.84 0.001 0.62 0.38 0.86 0.000 1.05 0.68 1.42  0.000 1.29 0.96 1.62 0.000
1922-1926 0.59 0.34 0.85 0.000 0.69 049 0.90 0.000 1.06 0.75 1.37  0.000 1.22 0.94 1.50 0.000
1927-1931 0.66 0.44 0.88 0.000 0.76  0.58 0.94 0.000 1.03 0.76 1.30 0.000 1.14 0.90 1.38 0.000
1932-1936 0.69 0.49 0.89 0.000 0.76  0.59 0.92 0.000 0.95 0.71 1.20 0.000 1.01 0.80 1.23 0.000
1937-1941 0.66  0.47 0.86 0.000 0.70 0.54 0.86 0.000 0.84 0.60 1.07  0.000 0.84 0.63 1.05 0.000
1942-1946 0.54 0.34 0.74  0.000 0.55 0.39 0.72 0.000 0.67 0.43 0.91 0.000 0.64 0.43 0.86 0.000
1947-1951 0.49 0.26 0.71  0.000 0.53 0.35 0.72  0.000 0.47 0.20 0.74  0.001 0.44 0.19 0.68 0.000
1952-1956 0.53 0.27 0.78 0.000 0.61 0.40 0.81 0.000 0.23 -0.09 054 0.161 0.21 -0.07 050 0.137
1957-1961 0.37 0.07 0.67 0.014 0.46 0.23 0.70  0.000 0.08 -0.29 0.44 0.688 0.05 -0.28 0.38 0.768
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1962-1966 0.10 -0.25 0.45 0.566 0.14 -0.13 0.42 0.311 -0.03 -0.45 0.40 0.895 -0.14 -0.52 0.25 0.482
1967-1971  0.07 -0.32 0.46 0.719 0.13 -0.18 0.44 0.411 -0.25 -0.74 0.24 0.312 -0.43 -0.88 0.02 0.062
1972-1976 -0.21 -0.66 0.24 0.369 -0.22 -0.58 0.14 0.233 -0.59 -1.16 -0.02 0.044 -0.78 -1.32 -0.24 0.004
1977-1981 -0.54 -1.10 0.03 0.062 -0.68 -1.15 -0.22 0.004 -0.86 -1.56 -0.16 0.016 -0.99 -166 -0.32 0.004
1982-1986 -0.79 -1.50 -0.07 0.031 -0.93 -152 -0.34 0.002 -1.01  -190 -0.12 0.027 -0.99 -1.84 -0.15 0.021
1987-1991 -0.95 -1.83 -0.06 0.037 -1.08 -1.81 -0.35 0.004 -1.07 -2.29 0.14 0.083 -1.03 -2.17 0.112  0.077
1992-1996 -1.18 -2.48 0.12 0.075 -1.27  -2.33 -0.21 0.018 -1.20  -3.12 0.71 0.217 -1.12 281 0.57 0.192
1997-2001 -1.58 -4.60 1.45 0.307 -1.78 441 0.85 0.184 -1.35 542 2.71 0.514 -1.37 494 221 0.454
Constance 2.68 2.47 2.90 0.000 3.36 3.17 3.54 0.000 3.04 2.75 3.33 0.000 3.35 3.09 3.60 0.000
TAPC model, Age-Period-Cohort model; Coef: coefficient; Cl: confidence interval; LL: Lower limit; UL: Upper limit.

Table 3. APC model analysis of TBL cancer mortality females and males in both countries

China The United States
. Female Male Female Male
Mortality
95% CIf 95% Cl 95% Cl 95% Cl
Coef.t ——————— p-value Coef. ————————— p-value Coef. ——————— p-value Coef. ——————— p-value
LLT ULt LL UL LL uL LL UL

Age (years)
20-24 251 -3.67 -1.35 0.000 2,74  -3.72 -1.76 0.000 -358 571 -145 0.001 -355 -528 -1.82 0.000
25-29 -1.92 -2.68 -1.17 0.000 212 273 -151 0.000 -296 -434 -159 0.000 -3.04 -424 -1.84 0.000
30-34 -1.33  -1.90 -0.77 0.000 -1.52 -197 -1.07 0.000 -199 -2.88 -1.10 0.000 -2.22 -3.03 -1.40 0.000
35-39 -1.01 -1.48 -0.55 0.000 -1.19 -156 -0.83 0.000 -1.10 -1.74 -046 0.001 -132 -190 -0.75 0.000
40-44 -0.44 -0.80 -0.09 0.013 -0.55 -0.82 -0.28 0.000 -029 -0.78 0.20 0.242 044 -0.87 -0.01 0.045
45-49 -0.02 -0.30 0.26 0.869 -0.08 -0.29 0.13 0.456 0.34 -0.04 0.72 0.077 0.31 -0.02 0.64 0.064
50-54 0.32 0.09 0.54 0.006 0.41 0.24 0.58 0.000 0.86 0.56 1.15 0.000 091 066 117 0.000
55-59 0.63 0.44 0.81 0.000 0.80 0.66 0.93 0.000 1.26 1.02 1.49 0.000 1.38 1.18 1.58 0.000
60-64 1.08 0.92 1.24 0.000 1.28 1.16 1.39 0.000 1.58 1.38 1.79 0.000 1.72 155 190 0.000
65-69 1.44 1.28 1.61 0.000 1.64 1.51 1.76  0.000 1.83 1.61 2.06  0.000 196 1.78 215 0.000
70-74 1.77 1.58 1.96 0.000 1.96 1.81 211  0.000 2.00 1.72 2.27  0.000 211 188 235 0.000
75-79 2.01 1.77 2.25 0.000 2.13 1.94 2.31 0.000 2.06 1.70 2.41 0.000 247 1.87 2.47 0.000

Period (year)
1992 -0.18 -0.35 0.00 0.044 -0.24 -038 -011 0.000 -029 -054 -0.04 0.0212 -016 -0.37 0.06 0.154
1997 -0.43 -0.26 -0.01 0.031 -0.20 -0.29 -011 0.000 -0.15 -0.30 0.01 0.059 -0.09 -0.22 0.04 0.176
2002 -0.07 -0.16 0.01 0.097 -0.07 -0.12 -0.01 0.022 -0.03 -0.10 0.05 0455 -0.03 -0.09 0.04 0415
2007 -0.03 -0.11 0.06 0.545 0.00 -0.06 0.06 0.946 0.06 -0.02 013 0.156 0.00 -0.06 0.06 0.986
2012 0.12 0.00 0.24 0.054 0.18 0.09 0.27  0.000 0.12 -0.03 0.28 0126 0.04 -0.09 0.18 0.553
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2017 0.30 0.13 0.46 0.000 0.32 0.19 0.45 0.000 0.29 0.05 0.54 0.020 0.23 0.02 0.44 0.033
Cohort (year)
1917-1921 0.63 0.26 1.00 0.001 0.74 0.45 1.03 0.000 1.14 0.62 1.66 0.000 1.39 0.95 1.83 0.000
1922-1926 0.68 0.37 0.99 0.000 0.79 0.54 1.04 0.000 1.14 0.70 1.59 0.000 1.30 0.92 1.67 0.000
1927-1931 0.74 0.46 1.01 0.000 0.84 0.62 1.07  0.000 1.11 0.72 1.49 0.000 1212  0.89 1.53 0.000
1932-1936 0.75 0.50 1.01 0.000 0.82 0.62 1.03 0.000 1.03 0.68 1.38 0.000 1.07  0.79 1.36 0.000
1937-1941 0.71 0.46 0.96 0.000 0.75 0.54 0.95 0.000 0.90 0.57 1.23 0.000 0.89 0.61 1.16  0.000
1942-1946 0.59 0.33 0.84 0.000 0.58 0.37 0.79  0.000 0.72 0.37 1.06 0.000 0.67 0.39 096 0.000
1947-1951 0.52 0.23 0.80 0.000 0.54 0.31 0.77  0.000 0.51 0.12 0.89 0.010 045 013 0.77 0.006
1952-1956 0.54 0.22 0.86 0.001 0.59 0.33 0.85 0.000 0.24 -0.20 0.69 0.284 0.21 -0.16 0.59 0.260
1957-1961 0.37 0.00 0.75 0.049 0.44 0.14 0.74  0.004 0.07 -0.44 0.59 0.779 0.04 -0.39 048 0.848
1962-1966 0.09 -0.35 0.52 0.687 0.12 -0.22 0.47 0.489 -0.05 -0.64 0.55 0881 -0.16 -0.67 0.35 0.549
1967-1971 0.06 -0.43 0.54 0.824 0.12 -0.27 0.51 0.546 -0.28 -0.98 041 0419 -046 -1.05 0.14 0.133
1972-1976 -0.23 -0.79 0.34 0.430 -0.24 -0.69 0.21 0.301 -0.63 -1.44 0.17 0.125 -0.81 -152 -0.11 0.024
1977-1981 -0.58 -1.28 0.13 0.109 -0.71  -1.28 -0.13 0.016 -0.91  -1.90 0.07 0.068 -1.03 -191 -0.15 0.021
1982-1986 -0.83 -1.73 0.08 0.073 -0.98 -1.73 -0.23 0.010 -1.08 -2.35 0.19 0.096 -1.05 -2.18 0.08 0.067
1987-1991 -1.03 -2.21 0.15 0.087 -1.16 -2.13 -0.19 0.019 -1.15 -2.93 0.63 0.205 -1.09 -2.66 0.47 0.172
1992-1996 -1.29 -3.06 0.49 0.155 -1.38 -2.81 0.06 0.060 -1.29 -4.16 1.57 0376 -1.20 -3.57 117 0.322
1997-2001 -1.72 -5.71 2.27 0.398 -1.88 -5.28 1.51 0.277 -1.46 -7.25 434 0622 -144 -6.21 332 0.553
Constance 2.46 217 2.75 0.000 3.15 2.91 3.39 0.000 2.58 2.16 3.00 0.000 298 2.63 3.33 0.000
TAPC model, Age-Period-Cohort model; Coef: coefficient; Cl: confidence interval; LL: Lower limit; UL: Upper limit.
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with time, while the cohort effect decreased in
both countries.

The coefficient of age effect in USA was lower
than that in China before the age of 40-44
years, but thereafter it reversed. The coeffi-
cients of morbidity approached gradually for
males and females, while the coefficients of
mortality had intersection at age of 75-79
(Figures 9A and 10A).

The coefficient of period effect had two cross
points for morbidity in 1992 and 2007, two
cross points for mortality in 1997 and 2012
among females (Figures 9B and 10B), and one
cross point for both measures in 2007 among
males (Figures 9C and 10C). Additionally, two
intersections for males (cohort 1947-1951 and
1987-1991) and two intersections for females
(cohort 1947-1951 and 1992-1996) were
observed. The coefficient of cohort effect was
lower in USA than that in China; but the trends
were reversed before 1947-1951 and after
1987-1991 (Figures 9 and 10).

The coefficient of age effect (positive) was high-
er for males than females in both countries
(Figure 11). After 2002, the coefficient of peri-
od effect was higher for men than women in
China, but it reversed in USA. There were two
cross points in the cohort 1937-1941 and
1982-1986 in USA. In China, the coefficient of
cohort effect was higher in men than women
before cohort of 1972-1976, but thereafter the
trend reversed.

Discussion

This study estimated the TBL cancer burden
disparities between China and USA. Based on
GBD 2017 data, the burden of TBL cancer in
both countries increased over time, but incre-
ments varied widely. The growth rate of inci-
dent cases, deaths, and DALYs in China ranged
from 140% to 240%, whereas they ranged
from 12% to 42% in USA, which might result
from the improved diagnostic techniques, aging
population and the development of treatments.
As for the difference between the genders, TBL
cancer burden differed slightly in China, where-
as it was much heavier for females in American
than males over past 28 years. However, males
contributed the majority of TBL cancer burden
in all age groups, which is contrary to previous
study [20].

1944

After subgroup analysis of age, only in age
group of 70+ years, incident cases in USA
increased, whereas DALYs and deaths incre-
ased mainly in people aged 50+ years. In China,
the TBL cancer burden increased in all age
groups except for incident cases of 15-49
years. This might result from growth patterns
and demographic differences between the two
countries and improvement of medical care in
China. Generally, the morbidity, mortality, and
DALY rate of TBL cancer in China increased
over 28 years, but they decreased in USA. The
gender variation of ASIR and ASDR in USA is
larger than that in China, whereas the variation
of age-standardized DALY Rate was significant
in China, mirroring the gap between the two
countries in the treatment and management of
cancer patients. In USA and China, there exist-
ed large rural-urban differences in cancer bur-
den all the time. In rural areas, residents lived
in poverty are more likely to smoking and lack
the opportunity to be screened for cancer [21,
22].

All risk factors related ASDR and DALY rates
increased with age. In our analysis, tobacco
remained the leading risk factor of TBL cancer
deaths and DALYs in two countries. However,
the variation trend of tobacco-related cancer
burden in two countries was different: it kept
growing in China but remained decreasing in
USA, which reminds us that tobacco control
policies and punishment management in China
should be further strengthened. Besides,
efforts should be intensified to advocate the
harm of tobacco and smoking cessation, espe-
cially in active smoking. In China, one million a
year of premature deaths were linked to direct
exposure to tobacco [23]. More than 80 per-
cent of lung cancer morbidity in USA was linked
to smoking, but the causes were various,
including a range of cultural, environmental,
educational, economic, health and lifestyle
variables [24]. Compared with other risk fac-
tors, smoking exerted a significant cumulative
effect on death and DALY rates in American
females. Therefore, it is necessary to stick to
current tobacco control policies in USA, and pay
more attention to female smoking.

Air pollution plays a key role in TBL cancer bur-
den of Chinese women, followed by a low diet in
fruits. The age-standardized death and DALY
rates of TBL cancer attributed to air pollution

Am J Transl Res 2021;13(4):1928-1951
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Figure 9. Comparison of APC model analysis on TBL cancer morbidity risk between China and USA. A. Both gender;

B. Females; C. Males. APC model, Age-Period-Cohort Model.

gradually decreased in China, heavier in women
than men. Therefore, control of air pollution in
China needs to be strengthened, especially for
ambient particulate matter pollution. Level of
air pollution in USA and Europe is much lower
than in China [25]. Although urbanization pro-
vided more medical opportunities for Chinese,
a host of health risk factors followed, including
ambient air pollution, occupational hazards,
and poor diet [26]. Outdoor air pollution has
become the fourth leading death risk factor in
China, resulting in 1.2 million premature deaths
[27]. Meanwhile, in rural China, many house-
holds still use solid fuels for cooking and heat-
ing, which further aggravates air pollution [23].
PM, , could enter lung tissues and the blood,
making ambient air pollution a risk factor for
diseases [28, 29], which suggests that the gov-
ernment should improve the population’s he-
alth knowledge, and adopt compulsory tobacco
control policies. The shortage of human
resources is the main obstacle which China
faced with in strengthening primary health
care. Despite health reforms in 2009, China’s
rapid economic growth did not bring about the
health improvements as it deserved. China’s
traditional economy relies on coal and heavy
industries, and pollution might be improved
with the economy transitions in the future
[30-32].

The prominent effect of occupational carcino-
gens on death and DALYs reminds us that
the quality of the occupational environment
for American men needs to be improved.
Meanwhile, fasting glucose is also a risk factor
for death and DALYs. And its impact on TBL
cancer death and DALYs began to increase
since 2000. High fasting plasma glucose
caused a higher age-standardized death and
DALY rate in USA than that in China, which is
consistent with the previous studies [33]. Both
two countries have to strengthen diabetes
screening and blood sugar management. Re-
ducing the effects of poor diet, smoking, and
fasting blood glucose on the population, as
well as controlling environmental and house-
hold air pollution, would be public policy priori-
ties for TBL cancer prevention and treatment in
China.

1946

The APC analysis indicated that the tendency
of morbidity and mortality of TBL cancer
increased with age in both countries. As for
period trends, the morbidity and mortality of
people aged 60+ years increased with time in
China, whereas that of people for all age groups
in USA decreased since 1998, which was simi-
lar to cohort trends. The younger the popula-
tion, the less influence of birth cohort and time
effect on morbidity and mortality. Age effect
played a key role in TBL cancer morbidity and
mortality and the risk increased with age. The
period effect might derive from screening meth-
ods, medical technology applications, and even
changes in disease classification criteria. The
cohort effect is influenced by factors such as
group lifestyle, external environment, and expo-
sure to risk factors. Compared with age and
period effect, the cohort effect has more mac-
roscopic significance in public health.

There are some limitations inevitably in our
analysis. Data of TBL cancer disease burden
cannot be 100% covered in the two countries,
thus information bias is inevitable. The estima-
tion of the APC and Joinpoint models selected
the node data of period, age, and cohort, which
has some deviation from the actual situation.
The risk factors of incidence were lacking due
to limited data. In addition, specific disease
data for each district of the two countries were
lacked, so urban and rural data were not sepa-
rated. This study provides extensive guidance
to the prevention and treatment policies of TBL
cancer in China and USA, but the data in urban
and rural areas need to be further improved.

Conclusion

In conclusion, China and USA accounted for
half of the TBL cancer burden worldwide. ASRs
of TBL cancerincreased in China, but decreased
in USA. Tobacco remained the top risk factor of
death and DALYs in both countries. The policy
should be tilted towards air pollution and a diet
low in fruits in China, as well as occupational
carcinogens and high fasting plasma glucose in
USA. Healthcare reform in both countries
should focus on planning how its health system
could effectively prevent and manage TBL can-
cer at low cost.
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Figure 10. Comparison of APC model analysis on TBL cancer mortality risk between China and USA. A. Both gender;

B. Females; C. Males. APC model, Age-Period-Cohort Model.
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Cohort Model.
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