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Background: Understanding the epidemiological characteristics of various cancers can

optimize the prevention and control strategies in the national cancer control plan. This

study aimed to report the burden differences, pattern trend, and potential risk factors of

all neoplasm types in China in recent 30 years, and further compared with top economies

in the world.

Methods: The disability-adjusted life-years (DALYs) and age-standardized DALY rate

(ASDR) of all neoplasms with the attributable risk factors from 1990 to 2019 in China,

Japan, European Union, USA, and the world were extracted from the Global Burden

of Disease Study 2019. The temporal trend analysis was estimated using the joinpoint

regression model.

Results: In 2019, about 251.4 million DALYs worldwide were caused by all neoplasms,

and nearly 26.9% (67.5 million DALYs) occurred in China with the ASDR in 2019

of 342.09/10 000, which was higher than European Union (334.25/10 000), USA

(322.94/10 000), and Japan (250.36/10 000). Although the cancer burden of the

colorectum, non-Hodgkin lymphoma, oral cavity, ovary, and kidney in China was lower

than in Japan, European Union and USA, the corresponding ASDR gradually increased in

China over the past 30 years, but declined in the three developed areas. Around 46.29%

of overall neoplasms DALYs in China in 2019 were attributed to 22 identified risk factors,

and the specific risk attributable-fraction for several neoplasm types varied greatly in

these regions.

Conclusion: The ASDR of cancers of the lung, colorectum, pancreas, non-Hodgkin

lymphoma, oral cavity, ovary, kidney, and chronic lymphoid leukemia increased

in China compared to 30 years ago. With the population aging and the social

transformation in China, the increasing burden of neoplasms and the changing
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FIGURE 4 | The ASDR distribution of 36 neoplasm types in China and its 34 provinces in 2017, both. The color represents the ranking of each row (cyan is low and

magenta is high). NC, North China; NEC, Northeast China; EC, East China; SC, South China; CC, Central China; SWC, Southwest China; NWC, Northwest China.

the occurrence of many cancers across the world, such as lung,
colorectal, esophageal, and pancreatic cancer, and so on, which
presented greater contribution in women in European Union
and USA than women in China and Japan. All cervical cancer
burden was caused by unsafe sex and could be further aggravated
by smoking with about 10% proportion. Further, ∼85% of the
global mesothelioma burden was attributable to occupational
carcinogens, which was more pronounced in Japan, European
Union, and USA.

DISCUSSION

The heterogeneous pattern in various neoplasm types in
China leads to the complexity of tumor prevention and
control (14, 26, 27). In the current study, we provided a
comprehensive epidemiological description of the latest cancer
burden, development trends, and risk factors in China from 1990
to 2019, and further comparisons with Japan, European Union,
USA, and the world. Although the ASDR of overall neoplasms in
China, Japan, the European Union, and USA presented a clear
downward trend in the past three decades, the corresponding
absolute DALYs due to neoplasms were still rising steadily,
especially in China. Regarding specific neoplasm types, China
was faced with a rising absolute burden in most cancer types

except for Hodgkin lymphoma and chronic myeloid leukemia.
Moreover, the ASDR of cancers of the lung, colorectum,
pancreas, non-Hodgkin lymphoma, oral cavity, ovary, kidney,
and chronic lymphoid leukemia increased from 30 years ago in
China. Consequently, understanding the exact pattern of each
cancer burden and its attributable risk facts is critical for the
specific intervention measures and resource allocation in the
national cancer control plan.

In general, the ASDR of most cancer types has continued
to decline over the past 30 years in the four regions, especially
in developed regions. This result might be explained by the
following reasons. Firstly, the intervention of various risk factors
effectively reduces the incidence of cancer. As reported by
the GBD 2019 Risk Factors Collaborators, the disease burden
attributable to most environmental and occupational risk factors
was decreasing over the past decades, including smoking, unsafe
sanitation, air pollution, malnutrition, dietary risks (21). For
instance, smoking is a well-known cause of many diseases,
including cancer, cardiovascular disease, and chronic respiratory
diseases (28, 29). Facing the dangers of the tobacco epidemic
to public health, the World Health Organization (WHO)
promulgated the Framework Convention on Tobacco Control
in 2003 to reduce tobacco consumption in the world, and the
smoking prevalence has been steadily falling in most countries
in recent years (28, 30). In addition, the population promotion

Frontiers in Public Health | www.frontiersin.org 9 May 2022 | Volume 10 | Article 862165



Y
a
n
g
e
t
a
l.

C
a
n
c
e
r
B
u
rd
e
n
in

To
p
-F
o
u
r
E
c
o
n
o
m
ie
s

TABLE 2 | The proportion (%) of overall neoplasms DALYs attributable to risk factors in the world, China, Japan, European Union, and USA, 2019, stratified by sex.

GBD risk factors Global China Japan European Union USA

Both Men Women Both Men Women Both Men Women Both Men Women Both Men Women

All risk factors 41.23 47.22 33.55 46.29 54.02 32.87 40.15 47.14 30.09 46.34 50.78 40.20 46.26 47.89 44.20

Smoking 22.12 32.68 8.63 28.56 40.99 6.90 23.07 32.23 9.95 27.62 33.98 19.08 27.46 31.00 23.32

Alcohol use 5.07 7.17 2.26 5.22 7.32 1.35 5.55 6.34 4.30 7.23 8.80 5.00 5.24 6.26 4.00

High body-mass index 4.37 4.16 4.56 3.74 3.71 3.70 2.77 2.90 2.50 5.54 5.41 5.56 7.19 7.44 6.74

Unsafe sex 3.50 NA 8.15 2.32 NA 6.52 1.84 NA 4.64 1.64 NA 3.90 1.58 NA 3.46

High fasting plasma glucose 3.41 3.32 3.52 2.78 2.77 2.86 2.80 3.16 2.31 4.63 4.64 4.62 6.24 6.18 6.29

Occupational carcinogens 2.76 3.98 1.28 2.28 2.57 1.82 3.62 5.64 0.97 5.24 7.90 1.90 4.27 6.48 1.95

Ambient particulate matter pollution 2.75 3.49 1.79 5.46 6.06 4.42 1.52 1.89 1.01 1.94 2.33 1.40 0.95 1.00 0.88

Diet low in whole grains 1.51 1.58 1.42 1.48 1.53 1.40 2.06 2.12 1.94 1.95 2.04 1.82 1.63 1.72 1.50

Diet low in milk 1.51 1.56 1.42 1.78 1.82 1.71 2.31 2.35 2.21 1.25 1.30 1.18 0.91 0.95 0.86

Secondhand smoke 1.26 1.07 1.51 2.07 1.59 2.95 0.87 0.76 1.04 1.17 1.18 1.15 1.01 1.01 1.01

Diet low in calcium 1.25 1.35 1.11 1.42 1.51 1.28 1.79 1.83 1.68 0.60 0.73 0.44 0.48 0.55 0.39

Diet low in fruits 1.18 1.46 0.80 1.50 1.76 1.04 1.22 1.60 0.64 1.01 1.21 0.72 1.11 1.26 0.92

Household air pollution from solid fuels 0.76 0.87 0.60 1.20 1.16 1.25 0.00 0.00 0.00 0.08 0.09 0.07 0.00 0.00 0.00

Diet high in red meat 0.74 0.53 1.02 0.80 0.62 1.13 0.57 0.39 0.83 1.27 0.86 1.81 1.25 0.87 1.68

Residential radon 0.74 0.91 0.52 0.92 0.99 0.79 0.25 0.32 0.17 1.19 1.41 0.88 1.05 1.10 0.98

Diet high in sodium 0.68 0.83 0.50 1.24 1.41 0.94 0.92 1.09 0.68 0.31 0.38 0.22 0.16 0.20 0.11

Drug use 0.63 0.68 0.57 0.85 0.78 0.97 1.56 1.76 1.20 0.65 0.76 0.49 1.12 1.31 0.89

Chewing tobacco 0.59 0.60 0.55 0.07 0.10 0.02 0.05 0.07 0.03 0.02 0.02 0.01 0.18 0.32 0.02

Low physical activity 0.49 0.37 0.64 0.30 0.23 0.42 0.75 0.60 0.96 0.79 0.58 1.05 0.44 0.20 0.71

Diet high in processed meat 0.29 0.29 0.29 0.12 0.12 0.13 0.74 0.74 0.73 0.67 0.68 0.66 0.76 0.79 0.71

Diet low in fiber 0.18 0.18 0.18 0.10 0.10 0.10 0.28 0.26 0.29 0.21 0.22 0.19 0.20 0.19 0.20

Diet low in vegetables 0.16 0.20 0.12 0.03 0.04 0.02 0.06 0.08 0.02 0.13 0.19 0.06 0.15 0.23 0.05

DALYs, disability-adjusted life-years.
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FIGURE 5 | The population attributable fraction of all identified risk factors for 29 neoplasms groups in the world, China, Japan, European Union, and USA stratified

by gender in 2019.

of hepatitis B virus vaccine in China and human papillomavirus
vaccine in developed countries have contributed to a marked
reduction in the cancer burden in corresponding regions (31, 32).
Secondly, the implementation of a population-based early cancer
screening program can significantly reduce the subsequent
burden of cancer, especially breast cancer, cervical cancer
and alimentary canal cancers. Since the 1980’s, the European
Union and USA have successively implemented population-
based screenings for breast cancer, cervical cancer, colorectal
cancer, and so on across the country, which correspondingly
led to the reduction of specific cancer burden (33, 34). Finally,
the clinical applications for novel cancer treatments, including
checkpoint inhibitors, tyrosine kinase inhibitors and chimeric
antigen receptor (CAR) T cell, are associated with remarkable
therapeutic response rates (35, 36). For example, before 2000,
the treatment of chronic myeloid leukemia was limited to non-
specific drugs, including busulfan, hydroxyurea and interferon-
alpha (IFN-a), while the emergence of tyrosine kinase inhibitor
reduced the corresponding annual mortality from 10–20% to
1–2% (37, 38).

On the contrary, the age-standardized cancer burden of the
lung, colorectum, non-Hodgkin lymphoma, oral cavity, ovary,
and kidney in China presented an overall upward trend in the
past three decades, even partially surpassing Japan, European

Union and USA. With social and economic development,
urbanization, and changes in lifestyles and diets in China, these
cancer patterns showed a significant shift from poverty-related
cancers to wealth-related cancers, which could be reflected by
the cancer disparity between urban and rural areas in China
(39). Another noteworthy aspect is that higher cancer registration
coverage and wider cancer diagnosis may contribute to the
increase in some specific cancer burdens (40). In addition,
inadequate control of potential risk factors can explain this
phenomenon. For example, albeit many measures have been
implemented to reduce the prevalence of smoking in China, the
current male smoking prevalence in China was far higher than
in Japan, European Union and USA, which partly explains the
ASDR of lung cancer in China surpassed the three regions in
recent years (25). Our result also indicated that the contribution
from the high body-mass index, high fasting plasma glucose,
diet low in whole grains, smoking, ambient particulate matter
pollution, occupational carcinogens significantly increased in
China over the past 30 years, which also partly explains the
growing trend of lung and colorectal cancers. However, the
detailed reasons need to be systematically evaluated in the future,
and the surveillance of these cancers will need attention.

China is now shifting its focus from aspiring swift economic
growth in the past to a coordinated economic development
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based on public health, which was declared in Healthy China
2030 blueprint (41). According to current trends and forecasts
of cancer burden, China still has a long way to go before
controlling the burden of cancer below the global average level,
especially in the context of rapid population aging (42–44).
The successful experience from developed countries will provide
an important guideline for China’s national cancer control
plans. Among them, the intervention of potential risk factors
and early cancer screening have achieved important profitable
stories in the prevention and treatment of various cancer types,
including cervical, colorectal, esophageal, and gastric cancer, etc.
(2). Our results show that the overall cancer burden in Japan
has been always significantly lower than in other economies,
especially in lung cancer, leukemia, brain cancer, larynx cancer,
etc. In addition, Japan has achieved great success in gastric
cancer, thyroid cancer, and testicular cancer. The potential causes
include the special geographical environment, low salt and high
seafood traditional diet, national H. pylori control, and advanced
cancer diagnosis and treatment (10, 45, 46). In our result, the
development of many cancers was attributable to smoking, and
the high prevalence of Chinese men underlines to deepen efforts
in tobacco control for the Healthy China 2030 blueprint (47).
Moreover, in China, high body mass index, high fasting blood
glucose, low grain diets, environmental particulate pollution and
occupational carcinogens have all contributed to the increased
cancer burden, which implies that the corresponding public
health education, promotion and intervention should also be
included in the national cancer control plans (48–50). Although
the burden of cancer caused by modifiable infectious pathogens
has not been estimated in GBD 2019 Study, Martel and
colleagues estimated that 13% of all cancer cases worldwide
in 2018 were attributable to infectious pathogens, including
Helicobacter pylori, human papillomavirus, and hepatitis B
virus, hepatitis C virus, and Epstein-Barr virus, and about one-
third of worldwide infection-related cancer cases occurred in
China (6). The most effective strategy to prevent infectious
cancers is to widely promote effective vaccines against these
corresponding pathogens, albeit several major challenges remain,
such as financial burden, efficiency and safety of vaccines, and
lack of public awareness, especially in rural areas (14, 51). Zou
et al. conducted a cost-effectiveness analysis on HPV vaccine
indicate that combined screening and vaccination is more cost-
effective, and a reduction in the domestic HPV vaccine price is
necessary for cervical cancer prevention in China (52).

Although China has not carried out nationwide cancer
screenings so far, several community-based cancer screenings
supported by the government have been carried out in high-risk
areas since 2005, covering gastric, esophageal, colorectal, liver,
lung, nasopharyngeal, cervical, and female breast cancer (14, 53).
In addition, spontaneous cancer screenings are becoming more
popular among urban residents, even at their own expense. The
main obstacles to cancer screening in China are low national
population coverage and bad population compliance, which
implies that improving the coverage of the target population and
the sensitivity of screening methods is critical to the effectiveness
of early cancer screening. Establishing a suitable hierarchical
screening strategy will undoubtedly optimize the current cancer

screening strategy, namely, quantitatively and initially screening
out the high-risk population from the community population-
based on easy-to-collect risk factors, then applying fast and
accurate technologies such as liquid biopsy to identify candidate
cancer patients, and finally performing the gold standard
diagnostic examination for early cancer treatment (54–57).
However, the over-diagnosis of tumors, such as thyroid cancer
and breast cancer still needs attention (58, 59).

Some limitations need to be considered when interpreting
the results of our research. First, due to the lack of necessary
data, some cancer subtypes such as gastric cardia and non-
cardia gastric cancer, esophageal squamous cell carcinoma and
esophageal adenocarcinoma have not been further analyzed,
but the corresponding epidemiological characteristics, trends,
and regional clusters present obvious heterogeneity (60). In
addition, the neoplasms burden attributable to other important
risk factors, especially infectious pathogens, has not been studied
for the limited estimation in the GBD database. Martel and
colleagues summarized the global cancer burden attributable to
infections, which somewhat compensates for current deficiencies
and promotes prevention efforts (6). Finally, the heterogeneity
of diagnostic methods and tumor registrations in different
countries or even sub-regions may bias our results. However,
each national cancer registry collects information on all cancers
with a clear diagnosis every year, which alleviates current worries
to a certain extent.

CONCLUSION

Compared with Japan, European Union, and USA, the cancer
burden in China is relatively heavier, especially for men.
With the aging of the population and the transformation of
Western lifestyles in China, the increasingly severe burden of
cancer and the changing cancer spectrum indicate that effective
comprehensive prevention and treatment measures should be
adopted to reduce the burden of cancer in China. The national
cancer control plan implemented by the government should be
adjusted according to the current cancer burden patterns and
the evidence-based cancer practices established by developed
countries, and at the same time, taking into account the diversity
of cancer types in different regions of China. More public
health education and population interventions are urgently
demanded to bridge the gap between advanced evidence-based
knowledge of cancer prevention and severe situation of all
identified risk factors, especially in underdeveloped areas, which
have proven to be the most cost-effective in long-term cancer
control, including tobacco control, alcohol cessation, and healthy
lifestyles. In addition, expanded vaccination programs and early
cancer screening are also recommended. After all, cancer should
be controlled sooner rather than later.
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