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Abstract

Background Leukemia is a threat to human health, and there are relatively few studies on the incidence, mortality
and disease burden analysis of leukemia in China. This study aimed to analyze the incidence and mortality rates of
leukemia in China from 2005 to 2017 and estimate their age-period-cohort effects, it is an important prerequisite for
effective prevention and control of leukemia.

Methods Leukemia incidence and mortality data from 2005 to 2017 were collected from the Chinese Cancer
Registry Annual Report. Joinpoint regression model was used to estimate the average annual percentage change
(AAPC) and annual percentage change (APC) response time trend. Age-period-cohort model was constructed to
analyze the effects of age, period and cohort.

Results The age-standardized incidence rate of leukemia was 4.54/100,000 from 2005 to 2017, showed an increasing
trend with AAPC of 1.9% (95% Cl: 1.3%, 2.5%). The age-standardized mortality rate was 2.91/100,000, showed an
increasing trend from 2005 to 2012 with APC of 2.1% (95%Cl: 0.4%, 3.9%) and then a decreasing trend from 2012 to
2017 with APC of -2.5% (95%Cl: -5.3%, 0.3%). The age-standardized incidence (mortality) rates of leukemia were not
only higher in males than that in females, but also increased more rapidly. The incidence of leukemia in rural areas
was lower than in urban areas, but the AAPC was 2.2 times higher than urban areas. Children aged 0-4 years were at
higher risk of leukemia. The risk of leukemia incidence and mortality increased with age. The period effect of leukemia
mortality risk showed a decreasing trend, while the cohort effect showed an increasing and then decreasing trend
with the turning point of 1955-1959.

Conclusions The age-standardized incidence rate of leukemia in China showed an increasing trend from 2005
to 2017, while the age-standardized mortality rate increased first and then decreased in 2012 as a turning point.
Differences existed by gender and region. The risk of leukemia incidence and mortality increased accordingly with

*Correspondence:

Heng Guo
shzuguoheng@foxmail.com
Yunhua Hu
huyunhua1019@sina.com
Yizhong Yan
erniu19880215@sina.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0003-1957-5421
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16226-1&domain=pdf&date_stamp=2023-8-28

Lin et al. BMC Public Health (2023) 23:1647

Page 2 of 12

age. The risk of mortality due to leukemia gradually decreased from 2005 to 2017. Leukemia remains a public health

problem that requires continuous attention.

Keywords Leukemia, Incidence, Mortality, Age-period-cohort model, Joinpoint regression model

Introduction

Malignant neoplasm is the leading cause of death from
disease in developed countries and the second cause in
developing countries worldwide [1, 2]. In a latest report
from the International Agency for Research on Cancer,
there were an estimated 19.3 million new cancer cases
and nearly 10 million cancer deaths worldwide in 2020
[3]. It seriously affects and threatens human health, and
has become one of the most prominent major public
health problems worldwide [4].

Leukemia is a common malignancy of the hemato-
logic system, a category of malignant clonal diseases of
hematopoietic stem cells characterized by uncontrolled
malignant proliferation of mature leukocytes and their
precursors in the blood and bone marrow [5]. It has a
poor prognosis, with the 5-year survival rate of leuke-
mia patient still<50% [6]. The Cancer Statistics Report
showed that the number of new leukemia cases glob-
ally reached 475,000 in 2020, an 84.82% increase from
2000, and the number of deaths from leukemia globally
reached 312,000 in 2020, a 60.0% increase from 2000 [3,
7]. China accounted for 62,000 deaths due to leukemia in
2020, 19.87% of the global leukemia deaths [1]. Leukemia
treatment is extremely expensive and difficult to cure,
causing great hardship for patients and families [8].

Leukemia is a part of the United Nations’ third Sus-
tainable Development Goals, which aims to cut prema-
ture mortality from non-communicable diseases by one
third by 2030 [9]. Tracking changes in the burden of
leukemia could provide relevant data for better policy
development. Considering the relatively few studies on
leukemia incidence, mortality and disease burden analy-
sis in China. The study collected national, gender-spe-
cific, region-specific leukemia incidence and mortality
data from the Chinese Cancer Registry Annual Report
from 2008 to 2020. Analyzed the trends of leukemia
incidence and mortality using Joinpoint regression, and
analyzed the effects of age, period, and cohort effects on
the risk of leukemia incidence and mortality using an
age-period-cohort model. In order to produce important
basic data for the control of leukemia in China, to provide
a scientific basis for leukemia prevention and treatment.

Methods

Data source

Data on incidence (mortality) rate and age-standardized
incidence (mortality) rate (ASIR, ASMR) of leukemia in
China from 2005 to 2017 (based on standard Chinese
population in 2000) [10] were obtained from the Chinese

Cancer Registry Annual Report, 2008-2020 [11-23].
Cases of leukemia are identified according to the Inter-
national Classification of Diseases, 10th Revision (ICD-
10, C91-95, D45-47) [24]. The classification of urban and
rural areas in this study was based on the classification
criteria of the Chinese Cancer Registry Annual Report:
urban areas were classified as cities above prefecture
level, and rural areas were classified as counties and
county-level cities.

The raw data were collected from cancer registries in
31 provinces (autonomous regions and municipalities)
and Xinjiang Production and Construction Corps. The
data were reviewed, evaluated, collated and analyzed
according to the requirements of the Chinese guideline
cancer registration and the standards of International
Agency for Research on Cancer/International Associa-
tion of Cancer Registries [25].

Construction of model
Joinpoint regression model
Trend of leukemia incidence and mortality was per-
formed using Joinpoint regression models to calculate
average annual percentage change (AAPC) and annual
percentage change (APC) with their 95% confidence
intervals (95% CI). The model creates a segmented
regression based on the temporal characteristics of the
disease distribution, divides the study time into differ-
ent intervals through multiple connection points, and
fits and optimizes the trends in each interval to evaluate
the characteristics of specific disease changes in different
intervals [26, 27]. The Monte Carlo permutation test was
used to determine the number of connection points, the
location of each connection point and the corresponding
p-value, with a test level of a=0.05 (two-sided test). Join-
point regression models are linear and log-linear models,
and the log-linear model is generally chosen when ana-
lyzing population-based trends in cancer incidence and
mortality [28]:
E[y|w] — ePo+brata (—71) "+t op(a—Ty)
Where e is the natural base, k indicates the number of
turning points, 7;.indicates the unknown turning points,
Bois the invariant parameter, 3is the regression coef-
ficient, Jrindicates the regression coefficient of the
segment function in paragraph k. When (z —7;)>0,
(x —7,)" =z — 71, otherwise (z — 7, )" =0.

Calculation formula of APC: APC = (e“g1 - 1) x 100
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Calculation formula of AAPC:
AAPC = [exp (3 wifi/ Y- w;) — 1] x 100

Where 31is the regression coefficient, w;is the width
of the interval span (i.e., the number of years included in
the interval) for each segmentation function, and §; is the

regression coefficient corresponding to each interval.

Age-period- cohort model

To analyze the effects of age, period, and cohort on leu-
kemia incidence and mortality. Used 5 years as one age
period, 0—-89 years were divided into 18 age periods. The
Poisson log-linear model was used to evaluate the age-
period cohort model by solving the intrinsic estimator,
and the model fitted goodness of scale was evaluated
comprehensively using the red pool information crite-
rion. The formula is expressed as

lOg (Aapc) =g+ ﬁp + Y te

Where «,5andvyare age, period and cohort effects,
respectively, ande is the residual.

To avoid expanding the birth cohort and reducing the
temporal precision of describing the risk of incidence and
mortality, this study used age-specific data from 2005,
2010, and 2015 for the simulation of the age-period-
cohort model [29].

Statistical analysis

Joinpoint regression analysis was performed using the
Joinpoint Regression Program 4.9.1.0 software developed
by the National Cancer Institute. The age-period-cohort
model was conducted using an online web analysis tool
developed by Rosenberg and Check et al. [30]. A statisti-
cally significant difference was considered at P<0.05.

Results

Incidence of leukemia and its trends in China, 2005-2017
From 2005 to 2017, the total number of new cases of
leukemia in the Chinese cancer registry were 144,997,
including 82,499 cases in males (56.90%) and 62,498
cases in females (43.10%). A total of 83,343 cases (57.48%)
were in urban areas and 61,654 cases (42.52%) were in
rural areas. The overall incidence rate was 5.92/100,000
(6.65/100,000 males and 5.18/100,000 females;
6.29/100,000 urban and 5.49/100,000 rural) and the ASIR
was 4.54/100,000 (5.14/100,000 males and 3.95/100,000
females; 4.75/100,000 urban and 4.18/100,000 rural). The
incidence rate and ASIRs are higher in males and urban
areas than that in females and rural areas, respectively.
(Table 1).

The ASIR of leukemia increased from 3.96/100,000 in
2005 to 4.83/100,000 in 2017, AAPC was 1.9% (95% CI:
1.3%, 2.5%). For males, the ASIR of leukemia increased
from 4.31/100,000 in 2005 to 5.51/100,000 in 2017,
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AAPC=2.2% (95% CI: 1.5%, 3.0%), where the APC for
2005 to 2010 was 4.1% (95% CIL: 2.4%, 5.8%), and for 2010
to 2017 was 0.9% (95% CI: 0.0%, 1.8%). For females, the
ASIR of leukemia increased from 3.63/100,000 in 2005
to 4.16/100,000 in 2017, AAPC=1.7% (95% CI: 1.0%,
2.4%). By areas, the ASIR of leukemia in urban increased
from 4.18/100,000 in 2005 to 5.05/100,000 in 2017,
AAPC=1.5% (95% CI:. 0.9%, 2.2%), that in rural areas
increased from 3.52/100,000 in 2005 to 4.62/100,000 in
2017, AAPC=3.3% (95% CI: 2.1%, 4.4%). The increase
rate of leukemia ASIR was higher in rural areas than that
in urban areas (Tables 1 and 2; Fig. 1A-E).

Mortality of leukemia and its trends in China, 2005-2017
From 2005 to 2017, the total number of leukemia
deaths in Chinese Cancer Registry were 96,454 patients,
of which 55,944 (58.00%) were males and 40,510
(42.00%) were females. The total number of deaths in
urban areas were 55,144 (57.17%) and in rural areas
were 41,310 (42.83%). The overall mortality rate was
3.94/100,000 (4.51/100,000 males and 3.35/100,000
females; 4.09/100,000 urban and 3.68/100,000 rural)
and the ASMR was 2.91/100,000 (3.40/100,000 males
and 2.44/100,000 females; 2.89/100,000 urban and
2.96/100,000 rural). Both the mortality and ASMRs were
higher for males than that for females. The mortality rate
in urban areas is higher than that in rural areas, while the
ASMR rate is lower than that in rural areas (Table 1).

The ASMR for leukemia decreased from 2.71/100,000
in 2005 to 2.65/100,000 in 2017, AAPC=0.2% (95%
CI: -1.1%, 1.5%), with 2012 as the turn-around point
for an increase followed by a decrease with an APC of
2.1% (95% CI: 0.4%, 3.9%) and —2.5% (95% CIL: -5.3%,
0.3%). For males, the ASMR for leukemia decreased
from 3.15/100,000 in 2005 to 3.11/100,000 in 2017,
AAPC=0.3% (95% CI: -1.3%, 2.0%), with an increas-
ing trend from 2005 to 2012 with APC of 2.6% (95% CI:
0.4%, 4.8%) and a decreasing trend from 2012 to 2017
with APC of -2.7% (95% CIL: -6.2%, 0.9%). For females,
the ASMR for leukemia decreased from 2.29/100,000
in 2005 to 2.20/100,000 in 2017, AAPC=-0.2% (95% CI:
-1.7%, 1.3%), with 2013 as the turn-around point for an
increase followed by a decrease with an APC of 1.4%
(95% CIL: 0.0%, 2.9%) and 3.4% (95% CL -7.5%, 0.9%).
Urban areas showed an increased from 2.61/100,000 in
2005 to 2.62/100,000 in 2017, with AAPC of 0.3% (95%
CI: -1.0%, 1.6%). Rural areas showed a decreasing trend
from 2.95/100,000 in 2005 to 2.67/100,000 in 2017, with
AAPC of -0.3% (95% CL: -1.2%, 0.6%) (Tables 1 and 2;
Fig. 1F-]).

Age-period-cohort model
The trends in age effects on incidence rate were generally
consistent across the national, males, females and urban
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Table 2 Trend in incidence and mortality of leukemia in China, 2005 —2017 (%)

Indexes National Male Female Urban Rural

Incidence

Periods 2005-2017 2005-2010 2005-2017 2005-2017 2005-
2015

APC 1.9% 4.1% 1.7% 1.5% 3.3*%

(95%Cl) (1.3,2.5) (24,5.8) (1.0,24) 09,22 (2.1,
4.4)

t 7.1 5.7 54 52 64

P <0.001 <0.001 <0.001 <0.001 <0.001

Periods 2010-2017

APC 0.9*

(95%Cl) (0.0,1.8)

t 23

P 0.049

AAPC 1.9% 2.2% 1.7% 1.5% 3.3*

(95%Cl) (1.3,2.5) (15,3.0) (1.0,24) 09,22 (2.1,
44)

t 7.1 59 54 52 6.4

P <0.001 <0.001 <0.001 <0.001 <0.001

Mortality

Periods 2005-2012 2005-2012 2005-2013 2005-2012 2005~
2015

APC 2.1* 2.6* 14 2.7% -0.3

(95%Cl) 04,39 (04,4.8) (00,29 09,44) (-1.2,
0.6)

t 29 2.7 23 36 -0.8

P 0.020 0.028 0.052 0.007 0434

Periods 2012-2017 2012-2017 2013-2017 2012-2017

APC -2.5 -2.7 -34 -2.9%

(95%Cl) (-5.3,03) (-6.2,0.9) (-7.5,0.9) (-5.6,-0.1)

t -2.1 -1.7 -1.8 24

P 0.071 0.120 0.102 0.044

AAPC 0.2 03 -0.2 03 -0.3

(95%Cl) (-1.1,1.5) (-1.3,20) (-1.7,13) (-1.0,1.6) (-1.2,
0.6)

t 0.2 04 -0.3 05 -0.8

P 1.000 1.000 1.000 1.000 0.100

Note: AAPC: Average Annual Percentage Change; APC: Annual Percent Change; *Indicates that the APC is significantly different from zero at the alpha=0.05 level;
*Indicates that the AAPC is significantly different from zero at the alpha=0.05 level.

Incidence

Incidence

Incidence

year

2
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 20% 2015 2016 2017 201
year

2004 2008 2006 2007 2008 2009 2010 2011 2012 2013 201 2015 206 2017 2008
year

Fig. 1 Joinpoint regression in the incidence and mortality of leukemia in China, 2005-2017. Incidence: (A) national; (B) male; (C) female; (D) urban; (E)

rural. Mortality: (F) national; (G) male; (H) female; (1) urban; (J) rural
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areas. Among those aged 0—49 years, the risk of develop-
ing leukemia increased slowly with age. In aged 50-79
years, the risk of developing leukemia all increased rap-
idly with age, peaking in the 75-79 years. Among those
under 18 years, the risk of developing the disease was
higher in children aged 0—4 years. In the rural popula-
tion aged 079 years, the age effects all remain consistent
with the nation, but the risk of leukemia still tended to
increase after the age of 80 years. The trend showed that
the contribution of age to the risk of developing leuke-
mia increased gradually with age. In the period effect, the
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national risk of leukemia incidence gradually increased
through time. The cohort effect for the risk of leukemia
peaked in 1990-1994 with a relative risk (RR) of 1.37
(95% CI: 0.99, 1.69), then declined slightly in 1995-1999
with an RR of 1.30 (95% CI: 1.08, 1.73), and gradually
increased thereafter (Figs. 2A and 3).

The trend in the age effects on mortality rate were basi-
cally the same for the national, males, females and urban
and rural. In the 0-49 age group, the risk of mortality
from leukemia is the highest in children aged 0—4 years.
Among those aged 50-79 years, the risk of leukemia

A
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Fig. 2 Age-period-cohort model of leukemia incidence and mortality in China, 2005-2017. (A) incidence; (B) mortality
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Fig. 4 Age-period-cohort model of leukemia mortality in China, 2005-2017. (A) Male; (B) Female; (C) Urban; (D) Rural

mortality tended to increase with age. Among the period
effects, there was a consistent trend of change for the
national, male, female and urban, with a slow decreased
trend of leukemia mortality from 2005 to 2017. The risk
of rural leukemia mortality with a trend of rapid decline
followed by a slow decline, with 2010 as the turning
point. The cohort effect for leukemia mortality peaked in
1955-1959 (RR=1.38, 95%CI: 1.15, 1.65), then decreased

and reached its lower point in 2005-2009 (RR=0.55, 95%
CI: 0.36, 0.83) (Figs. 2B and 4).

Discussion

This study aimed to analyze the epidemiological char-
acteristics of leukemia in China from 2005 to 2017 and
estimate their age-period-cohort effects. The results
displayed that the ASIR of leukemia from 2005 to 2017
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showed an overall increasing trend, and the ASMR
showed an increasing trend followed by a decreas-
ing trend with 2012 as the dividing line. The ASIRs
and ASMRs of leukemia in males were not only higher
than those in females, but also increased faster than in
females. The incidence of leukemia was lower in the
rural than in urban areas, but the AAPC was 2.2 times
higher than urban areas. The risk of leukemia incidence
and mortality was higher in children aged 0—4 years. The
cohort effect results showed that those born in 2015—
2019 had the highest risk of developing leukemia.

The leukemia incidence in China was generally at
a moderate level compared to other countries and
regions worldwide [31]. The ASIR in China in 2017 was
4.83/100,000, which is lower than the estimated global
leukemia incidence rate of 8.32/100,000, 7.10/100,000
in Asia, 8.62/100,000 in the United States based on the
latest GLOBOCAN 2020 data, and higher than the
3.98/100,000 in Africa and 3.12/100,000 in India. The
ASMR in China was 2.65/100,000 in 2017, lower than
the global rate of 4.32/100,000, 3.68/100,000 in Asia,
5.22/100,000 in the United States, and higher than
2.44/100,000 in Africa and 2.43/100,000 in India [32].
This may be related to living behavior in different coun-
tries/regions, different ethnicity, geographical location,
and the input of medical resources [33] For example, leu-
kemia incidence and mortality rates are relatively higher
in the United States compared to China. In terms of
dietary structure, the United States is typically known for
its high consumption of processed foods and high-calorie
meals, including foods high in fat, sugar, and salt [34]. The
popularity of fast-food restaurants and chain restaurants
in the United States has also made it easier for people to
access these high-calorie foods [35, 36]. This dietary pat-
tern is significantly related to the occurrence of obesity
[37]. According to the latest data from the United States
Centers for Disease Control and Prevention, the adult
obesity rate in the United States was about 42.4% [38],
significantly higher than in other countries or regions.
Previous study showed that a high body mass index
(BMI) increased the risk of leukemia, especially chronic
lymphocytic leukemia and myeloid leukemia [39]. High
BMI significantly increases the prevalence of leukemia,
with each 5 kg/m? increase in BMI associated with a 13%
increased risk of leukemia [40]. High BMI may affect the
occurrence and prognosis of leukemia through a variety
of pathways, such as causing a chronic low inflamma-
tory state which can lead to impaired immune system
function, thereby increasing the incidence and mortal-
ity of leukemia. In addition, the high incidence of child-
hood leukemia in China may also be related to obesity. A
study in the Lancet pointed out that China is the fastest
growing country in the world in terms of fast food con-
sumption, and its total consumption is catching up with
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Western countries [41]. However, the entry and continu-
ous popularity of Western fast food into China has led
to a significant increase in children’s weight, because
these fast foods with high sugar and fat are more popu-
lar among children [42]. This is consistent with another
cross-sectional study conducted in China, it found that
children with higher BMI consumed fast food more fre-
quently [43]. The total ASIR of leukemia in China showed
an increasing trend from 2005 to 2017. Improvements in
medical testing and diagnostic techniques, such as the
use of genetic testing and deep sequencing, and the stan-
dardization of diagnostic criteria, have allowed for a more
correct diagnosis of leukemia. Moreover, the change
in lifestyle, diet structure, coupled with the progress of
urbanization and industrialization, increased exposure
to environmental pollution and other risk factors have
led to an increase in the incidence of leukemia [5, 44].
The high production and wide range of uses of benzene
in China, the world’s largest consumer of pure benzene
[45], render it more exposed to the population. Numer-
ous studies have shown that benzene exposure increases
the risk of leukemia [46, 47]. Biologically, this relation-
ship also held up, with animals and in vitro experiments
found that the target organ of benzene was the bone mar-
row and that its toxic metabolites can attack hematopoi-
etic stem cells in a variety of ways, causing hematologic
toxicity [48]. Benzene can also react with DNA, causing
DNA damage and chromosomal abnormalities, including
genetic mutations and chromosomal aberrations, which
can lead to leukemia [49].

The results of this study showed that leukemia inci-
dence and mortality rates were higher in males than in
females. Gender differences in leukemia disease burden
can be observed, which was consistent with the find-
ings of previous studies [50, 51]. This may be related to
greater exposure of males to risk factors such as envi-
ronmental pollution, smoking, and unhealthy lifestyles.
Studies in countries such as the United States and Can-
ada have shown that residents living in industrial areas
have a higher risk of developing leukemia than those
living away from industrial areas [52, 53]. Some studies
showed that chemicals in cigarettes may cause damage to
stem cells and blood-forming cells in the bone marrow,
thus increasing the risk of leukemia. In addition, smok-
ing may also increase the risk of developing leukemia by
interfering with the normal function of the immune sys-
tem [54, 55]. The disease burden of leukemia caused by
smoking factors in China is the most serious among the
four risk factors for leukemia collected by Global Burden
of Disease 2019 [5]. And according to the Chinese Cen-
ter for Disease Control and Prevention Adult Tobacco
Survey report, the current smoking rate in China is
52.1% in males and 2.7% in females [56], and the much
higher smoking rate in males than in females is also an
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important factor [57]. This suggests that males are one of
the key populations for leukemia prevention and control.
The government should regularly conduct health educa-
tion for males, strengthen tobacco control, and improve
occupational work environments. For example, there is
still a discrepancy between the current status of imple-
mentation of tobacco control measures in China and the
requirements of the WHO’s MPOWER measures [58].
Therefore, policies such as national legislation banning
smoking in public places, inclusion of smoking cessation
medications in medical insurance, a total ban on tobacco
advertising, promotion and sponsorship, and an increase
in the tax rate and price of tobacco products (with a view
to achieving a cigarette retail tax rate greater than or
equal to 75% as recommended by WHO) should be intro-
duced and improved as soon as possible [59].

The incidence of leukemia in rural areas was lower
than that in urban areas, but the AAPC was 2.2 times
higher than urban areas. The accelerated urbanization
and dramatic increase in population have increased
urban environmental pollution (e.g., air pollution), which
may explain the higher incidence in urban areas. This is
because air pollution is a risk factor for leukemia devel-
opment [60]. As shown by the national ecological quality
profile in 2020, the substandard rate of urban air pol-
lution in China was as high as 40.1% [61]. However, in
recent years, large-scale infrastructure construction and
gradual implementation of industrialization policies in
rural areas have led to accelerated industrialization and
a gradual increase in air pollution. According to China’s
National Development and Reform Commission, devel-
opment zones established on the basis of administrative
units at the county level and below has become a new ele-
ment of rural industrial development. By the end of 2002,
there were 6,866 such development zones in China, with
a planned area of 38,600 square kilometers, while the
area of 75 urban built-up areas by the end of 2020 was
only 30,500 square kilometers [62]. China’s rural areas
are currently facing the most representative air pollu-
tion problems. With industrialization, the rural economy
continues to develop well, and different forms of modern
equipment are applied to rural production and life, lead-
ing to an increasing number of automobile exhaust and
production waste gas, which accelerates the decline of
air quality [63]. These may be the reasons for the rapid
increase in the incidence of leukemia in rural areas.

The risk of leukemia incidence and mortality was
highest in children aged 0-4 years among those under
18 years. The cohort effect results also showed that
those born in 2015-2019 had the highest risk of devel-
oping leukemia. Childhood leukemia is the most com-
mon malignancy in childhood and should be of concern
to the public, with emphasis on prevention. Preven-
tion based on environmental factors is a very important
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part of the prevention and treatment of childhood leu-
kemia. A number of studies have confirmed that the
yearly increase in the incidence of childhood leukemia
is associated with environmental exposures, including
radiation, air pollution, chemical exposure, traffic fumes,
tobacco, etc. [64]. More than 90% of the world’s popula-
tion breathes dangerously high levels of air pollutants.
A meta-review of the relationship between leukemia
and air pollution found that traffic-related air pollution
was associated with excess risk of childhood leukemia.
The dose-response analysis indicated that in the highest
levels, traffic indicators near the child’s residence, traf-
fic density and NO,, there may be associated with excess
risk of childhood leukemia [65]. Another meta review of
maternal exposure to air pollution and risk of leukemia at
different times showed that exposure to benzene in the
third trimester, as well as exposure to NO, in the second
trimester and entire pregnancy, could also increase the
risk of leukemia [48]. This prompts the necessity of devel-
oping policies aimed at reducing air pollution exposure
and protecting special populations to further reduce risks
due to air pollutants. For example, when planning homes,
schools or other facilities for children, policy makers
should consider their distance from main roads, choose
green building materials and furniture, such as solid
wood flooring and formaldehyde-free panels, and use low
volatile and environmentally friendly paints to reduce
the volatile harmful substances. Moreover, not only chil-
dren, but also pregnant women should strengthen their
pregnancy health care and raise awareness of maternal
health protection to reduce exposure to relevant risk fac-
tors. In addition to environmental pollution and lifestyle
influencing factors, study showed a correlation between
leukemia and genetic factors [66]. A study from Switzer-
land also found that a family history of oncology was a
risk factor for childhood leukemia. When an adult family
member is diagnosed with chronic lymphocytic leuke-
mia, the risk of acute lymphoblastic leukemia in children
is increased 1.40 times [67]. This suggests that people
with a family history of related cancers should undergo
more frequent screening, monitoring and diagnostic
workups under the guidance of a physician.

The results of the period effect for leukemia showed
a trend of increased incidence and decreased mortal-
ity. And cohort effect showed a high risk of incidence
but a relatively low risk of mortality in the late-birth
cohort. These changes may be due to the advances in
medical technology and improved medical treatments
for leukemia in China, which have made the treatments
of leukemia more effective. At present, chemotherapy,
hematopoietic stem cell transplantation and targeted
therapy are effective treatments for leukemia in China.
Among them, with the research of biological targets for

leukemia, the “Shanghai program’, “Beijing program” and
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chimeric antigen receptor T cell therapy innovation have
been widely used, and Chinese leukemia has entered
the era of precision targeted therapy. Leukemia patients
are expected to have a 5-year survival rate of 60-90% in
China [68]. It is evident that advances in leukemia treat-
ment have brought it into the era of slow disease manage-
ment, and lethality has abated. However, the incidence
is still rising due to increasing exposure to leukemia risk
factors, consistent with another study [60]. These were
consistented with the cohort effect in this study, where
those in the late birth cohort (birth period was 2005-
2017) were synchronized with these changes described
above.

Limitations exist in this study. The leukemia data were
obtained from the Chinese Cancer Registry Annual
Report, 2008—2020. The original data were obtained from
the national cancer registry rather than random sam-
pling, so the representation and extrapolation results for
the whole population are inadequate. This study also has
limitations in terms of timeliness, as there is generally a
3-year time delay in the latest cancer registry data. There
are certain limitations to the representativeness and com-
parability of the data. The subtypes of leukemia were not
studied in this study due to insufficient available data.

Conclusion

The ASIR of leukemia in China showed an overall increas-
ing trend from 2005 to 2017, while the ASMR showed an
increasing trend followed by a decreasing trend, with sig-
nificant gender and regional differences. Among those
under 18 years of age, children aged 0—4 years are more
likely to develop leukemia and face a higher risk of mor-
tality. This suggests that people should remain to attach
importance to the prevention and treatment of leukemia,
to strengthen education. It also strengthens the identi-
fication and screening of high-risk groups according to
gender and age distribution differences, reduces the bur-
den of leukemia disease in the population, improves the
healthy living standard of the population, and provides
basic data and scientific support for the prevention and
treatment of leukemia in China.
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