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Abstract

Objective In view of the high incidence and mortality of esophageal cancer, the latest statistical data on the disease
burden of esophageal cancer can provide strategies for cancer screening, early detection and treatment, and help

to rationally allocate health resources. This study provides an analysis of the global disease burden and risk factors of
esophageal cancer from 1990 to 2019.

Methods Using the 2019 Global Burden of Disease, Injury and Risk Factor (GBD) data, we present the incidence,
mortality and disability-adjusted life years (DALY) of esophageal cancer in 21 regions and 204 countries and different
sociodemographic index (SDI) regions from 1990 to 2019. The age-period-cohort model was used to estimate the
age, period, and cohort trend of esophageal cancer in different SDI regions. The estimated proportion of DALY
attributable to each risk factor from 1990 to 2019.

Results From 1990 to 2019, the number of new cases of esophageal cancer, the number of deaths and DALY
increased by 67.07%, 55.97% and 42.13%, respectively, but age standardized incidence rate (ASIR), age standardized
mortality rate (ASMR) and age standardized DALY rate (ASDR) decreased by 19.28%, 25.32% and 88.22%, respectively.
Overall, the results of the age-period-cohort model showed that the incidence, mortality, and DALY rates in countries
and regions with higher SDI levels showed a downward trend over time and with the passage of time. Conversely,
there were no significant changes in incidence and mortality in countries and regions with low SDI levels. In the past
30 years, the incidence and death of esophageal cancer in the world has gradually changed to people over 80 years
old, but the population aged 60-79 still accounts for the largest proportion. The global DALY in esophageal cancer is
mainly attributable to smoking, followed by alcohol consumption and occupational exposure.

Conclusions Although ASIR, ASMR and ASDR have decreased significantly, esophageal cancer is still the main factor

causing the disease burden worldwide. Public health administrators in low SDI and low-middle SDI countries are
high-risk areas for esophageal cancer, and preventive control measures should be implemented to raise awareness,
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screening, and treatment of esophageal cancer in these areas. Tobacco and alcohol control and reduction of
occupational hazards are key steps in reducing the burden of esophageal cancer.

Keywords Esophageal cancer, Incidence rate, Mortality rate, Disability adjusted life year, Age-period-cohort model

Introduction

Esophageal cancer is one of the deadliest cancers in the
world with poor prognosis and high mortality. In 2020,
the incidence of esophageal cancer ranks seventh and the
overall mortality ranks sixth [1, 2]. Although the global
disease burden of esophageal cancer has shown a down-
ward trend in recent years, there are still significant dif-
ferences in different countries and regions, and the risk
of esophageal cancer incidence and mortality is still
higher in low sociodemographic index (SDI) and low-
middle SDI regions. Esophageal cancer is divided into
squamous cell carcinoma and adenocarcinoma [3], squa-
mous cell carcinoma has a high incidence in developing
countries [4, 5], and the incidence of adenocarcinoma has
increased dramatically in developed countries [6], smok-
ing and excessive alcohol consumption are the main risk
factors, followed by social, economic and dietary excess
[7].

Age, period, and cohort are the three main intrinsic
factors in cancer development, but there is an absolute
linear relationship between them, and the age-period-
cohort model enhances our understanding of trends in
incidence, mortality, and disability-adjusted life years
(DALY) rates when adjusting for age, period, and birth
cohorts. In this study, we analyzed the global disease bur-
den of esophageal cancer of different sexes from 1990 to
2019. At the same time, the age-standardized incidence,
age-standardized mortality rate and age-standardized
DALY rate were analyzed in different SDI regions. We
hope that through the comprehensive evaluation of
esophageal cancer in different regions, we can provide
strong data support for policy formulation and balanced
allocation of health resources.

Methods

Data sources

The 2019 Global Burden of Disease, Injury and Risk Fac-
tor (GBD) database provides a powerful resource for
understanding the health challenges faced by people all
over the World in the 21st century. By tracking the prog-
ress within and between countries, GBD contains more
comprehensive information and provides data support
for medical personnel in disease treatment and preven-
tion. The database estimates the disease burden caused
by 369 diseases and injuries in 204 countries and regions
by gender, age, year (1990-2019) and location. GBD
database uses Bayesian meta-regression modeling tool
DisMod-MR 2.1 to estimate the incidence, prevalence,
remission rate, excess mortality rate and specific cause

mortality rate at the same time, and is revised on the basis
of simulation study [8, 9]. The advantage of GBD method
is that it applies a consistent method to critically evalu-
ate the available information of each condition, making
this information comparable and systematic; results of
countries with incomplete estimated data; and report the
disease burden with standardized indicators [10]. Age
standardized incidence rate (ASIR), age standardized
mortality rate (ASMR) and age standardized DALY rate
(ASDR) of esophageal cancer are also obtained by gen-
der, location, age, year (from 1990 to 2019) and SDI, and
its 95% uncertainty interval (UI) is reported. The website
cited in this article was last visited on September 1, 2023.
SDI divides the country into five regions (high SDI, high-
middle SDI, middle SDI, middle-low SDI and low SDI)
according to national per capita income, average years of
education and total fertility rate of people over 15 years
old. This index ranges from 0 to 1, and the higher the
value, the higher the economic level of the region [11].

Statistical analysis

Descriptive analysis

In this study, the change percentage of ASIR, ASMR and
ASDR of esophageal cancer during 1990-2019 was cal-
culated, and the change rate = (age-standardized rate in
2019 - age-standardized rate in 1990)/age-standardized
rate in 1990x100%, and estimates of the 95% UI for 1990
and 2019 were provided for 21 regions worldwide.

Age-period-cohort model analysis

Age-period-cohort model analyzes on three dimensions:
age, period, and birth cohort. The age effect refers to the
differences in disease burden among different age groups
caused by factors such as accumulation of social experi-
ence and changes in social roles. The period effect reflects
the changes in the impact of social, economic, cultural,
and demographic factors on all age groups over time, The
birth cohort effect represents the change in the impact of
the time difference experienced during the initial event
on all groups [12].As the relationship among age, period,
and cohort is perfectly linear, it is statistically impossible
to estimate their independent effects, which is known as
the identification problem [13]. We circumvented this
issue by producing estimable APC parameters and func-
tions without imposing arbitrary constraints on model
parameters [14]. Typically, the age-period-cohort model
can be represented as follows:

Y = log(abc)=p + ag+ B+ +¢
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Where, log (abc) is the natural logarithm of incidence /
mortality/DALY rate; p is the intercept term, represent-
ing the disease risk reference level for age, period, and
cohort parameters; a, is the age effect of the age group
a, a=1,2,...; Py, represents the period effect of the b-th
period, b=1,2,...;y, represents the queue effect of the c-th
queue, c=b-a+n, n represents the number of age groups;
€ represents the error term.

In the age-period-cohort model, we divide the data
into 16 consecutive age groups, with each age group
being 5 years old, ranging from “20-24” years old to “
95” years old; The period is divided into 6 groups every
5 years, from “1990 1994” to “2015 2019’ with a refer-
ence period of “2000 2004”; Similarly, the birth cohort is
divided into 21 groups every 5 years, from “1895-1899”
to “1995-1999’, with a reference period of “1945 1949”.
This study used the age-period-cohort web page analy-
sis tool (https://analysistools.cancer.gov/apc/) [15]. This
network tool is supported by built-in estimable function
algorithms and corresponding Wald tests. The output
results of the age-period-cohort model include the lon-
gitudinal age curve, which represents the age specific rate
of the control cohort adjusted for period bias, represent-
ing the impact of age effect on the trend of esophageal
cancer changes. The relative risk (RR) of period and birth
cohort is the age specific rate ratio of period and cohort
based on the selected control period and cohort, repre-
senting the impact of period and cohort effects on the
trend of esophageal cancer changes. Net drift represents
the annual percentage change after considering periods
and queues. Local drift represents the annual percent-
age change in logarithms of different age groups and
birth cohorts. Drift above 0.0% per year is considered an
increasing trend, while drift below 0.0% per year shows a
decreasing percentage change next year. Two-sided sta-
tistical test, P<0.05 is statistically significant [12].

Risk factor analysis

In addition, we calculated the changing trend of DALY
proportion of esophageal cancer caused by smoking,
drinking, high BMI, chewing tobacco and dietary risks
from 1990 to 2019. The GBD 2019 estimation of attribut-
able burden followed the general framework established
for comparative risk assessment (CRA) used in GBD
since 2002 [16]. CRA can be divided into six key steps:
inclusion of risk—outcome pairs in the analysis; estima-
tion of relative risk as a function of exposure; estimation
of exposure levels and distributions; determination of the
counterfactual level of exposure; computation of popula-
tion attributable fractions and attributable burden; and
estimation of mediation of different risk factors through
other risk factors, to compute the burden attributable to
various combinations of risk factors [17].
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Results

The burden of esophageal cancer at global and regional
level

On a global scale, the number of new cases of esopha-
geal cancer increased from 319,969 (253,395-351,210)
in 1990 to 534,563 (466,513-595,342) in 2019, From
1990 to 2019, the number of deaths of esophageal
cancer increased from 319,332 (248,666—350,802)
to 498,067 (438,411-551,462), and DALY increased
from 8,208,267 (6,334,289-9,075,711) to 11,666,017
(10,378,747—-12,938,949). From 1990 to 2019, ASIR
of worldwide esophageal cancer decreased from 8.06
(6.41-8.83) per 100,000 to 6.51 (5.69—7.25) per 100,000,
a decrease of 19.28%; ASMR decreased from 8.18
(6.40-8.97) per 100,000 to 6.11 (5.38—6.76) per 100,000,
a decrease of 25.32%; ASDR decreased from 199.28
(154.25-219.99) per 100,000 to 33.43 (26.85-41.96) per
100,000, a decrease of 88.22%. However, this trend was
not uniform across the globe. Only high-income regions
in North America and Western sub-Saharan Africa
experienced an increase in both ASIR and ASMR. From
1990 to 2019, Central Asia recorded the most significant
decline in ASIR and ASMR, both decreasing by over 51%.
In contrast, Southeast Asia and Latin America showed
substantial increases in ASDR, rising by 267.75% and
212.98%, respectively (Table 1). At the country level, in
2019, nations in sub-Saharan Africa (such as Uganda,
Malawi, Zambia, Zimbabwe), Central Asia (such as Mon-
golia), East Asia (such as China), and North America
(such as Greenland) reported the highest ASIR, ASMR
and ASDR. The Northern Mariana Islands saw the larg-
est increase in these age-standardized metrics during the
study period (Fig. 1, Figure S1, Figure S2). Additionally,
across the 21 World regions, the incidence, mortality, and
DALY rates of esophageal cancer in men were more than
threefold higher than in women (Fig. 2).

Influence of socio-demographic index on esophageal
cancer incidence, mortality and DALYs

Overall, countries and regions with high SDI levels usu-
ally have low incidence, mortality, and DALY rates. Most
countries and regions with low SDI levels have relatively
high mortality rates. In countries and regions with mid-
dle SDI levels, incidence, mortality, and DALY rates are
significantly higher. In terms of gender, with the increase
of SDI level in different countries and regions, women’s
incidence, mortality, and DALY rates decline more than
men’s, especially in low SDI regions and low-middle SDI
regions. The distribution and changes of esophageal can-
cer incidence, mortality, and DALY rates in 21 regions
and 204 countries with different SDI levels are shown in
Fig. 3, Figure S3, and Figure S4 respectively.
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Fig. 1 (A)Geographical distribution of ASDR of esophageal cancer in 2019. (B)The percentage change in ASDR of esophageal cancer for 204 countries
and territories from 1990 to 2019

Age standardised incidence rate

Global I —
EastAsia I —
‘Southeast Asia L}
Oceania L]
Central Asia I —
Central Europe. I
Eastern Europe. T
Australasia —
Western Europe —
Southern Latin America N
High-income North America —
Caribbean N
Andean Latin America L]
Central Latin America .
‘Tropical Latin America —
North Africa and Middle East
South Asia
Central Sub-Saharan Africa
Southern SubSaharan Africa
Western Sub-Saharan Afrca

World Bak High Income
World Bank Upper Middle ncome
Workd ank Lower Midd Income
World Bank Low ncome:
High-middle DI

HighOI

Lovemidde SOI

Low SDI

Middle SOI

 Female B Male

Age standardised mortality rate Age standardised DALY rate
Global Global
EastAsia Easthsa
‘Southeast Asia SoutheastAsia
Oceania Oceania
Central Asia CentralAsia
Cental Europe. Centl Evrope
Eastern Europe Easter Euope:
Highvincome Asia Pacfc Highincome Asi Pacic
Australesia Austalasia
Western Europe Western Europe.
Southern Latin America Southern Latin America
High-income North America Highincome North America
Caribbean Caribbean
Andean Latin America Andean Lain Ameica
CentralLatin America Central Latin America
TropicalLatin America Tropicallatin America
North Africa and Middle ast North Afica and Midde East
South Asia South Asa
Eastern Sub-Saharan Afica
‘Western Sub-Saharan Africa - ‘Western Sub-Saharan Africa L
World Bank High Income — Work! Bank High Income —
World Bank Upper Middle Income | — ‘World Bank Upper Middle Income | —
World Bark Lower Middle Income - Word BankLower Middle Income: —
World Bark Low Income
High-middle SDI I — High-middle SDI I —
High DI — HghsDl N—
Low-middle SOI —— Low-middle DI ——
Low SDI I — LowSDI |
Middle SDI I — MiddleSOI | [e—

1 Female B Male

W MW 100 0 100 20 30
 female B Male

Fig. 2 The age-standardized esophageal cancer incidence, mortality, and DALY rates of 31 regional in 2019 by gender

50
B e .
§. §, 2 400
g g g
I s g
[ f g .
2 s S z %
H % E] o i
: H
i, e %
z 3 T
g E E
H H H
4 g g
2 s < s <
o [ o o s a o o s
» . : .
- : 0]
g =
g g™ g :
] g g o
g -~ g = &
~ S ~ g o
g -~ = ° - ] F] 5 -
H |- L . -
£ H ey
L 2 <
H i
k. 3
Tt
., ﬂ = =
o

o

Socio-demographic Index

Socio-demographic Index

w50

location
o Glotal e
& Essthsa

+ SoutheastAsia 5
X Ocearia
o Centil Asia
v Contral Europe x
s EastanEuope
*  High-income Asia Pcifc ©
© Ausilasia

© Westem Europe:

o Souther Latn America

Highincome Norh America
Carbioan
Aodean Latin Amerca

8 CenlralLatn America
o Topical Lain America

North Afica and Midda East

. SohAsa

Contal Sub-Saaran Afica

* Easten Sub-Sahoren Afica
o Southem Sub-Saharan Afica

Wester Sub-Sanaran Afica

Fig. 3 Age-standardized incidence, mortality, and DALY rates for esophageal cancer for 21 GBD regions (A) and 195 countries and territories (B) by Socio-

demographic Index, 1990-2019



Li et al. BMC Public Health (2024) 24:212

Time trend of incidence, deaths, and disability adjusted

life year distribution of esophageal cancer in different age
groups

Figure 4 shows the time trend of the total number of
esophageal cancer cases, deaths, and DALY distribution
in different age groups from 1990 to 2019. In the past 30
years, the global number of cases and death of esopha-
geal cancer has gradually shifted towards people over 80
years old, but the proportion of people aged 60 to 79 is
still the largest. The number of cases, deaths, and DALY
varies among regions with different SDI. In high SDI,
middle- high SDI, and middle SDI regions, the propor-
tion of esophageal cancer cases and deaths in the age
group over 80 gradually increases. The number of cases
and deaths in the age group between 40 and 59 decreases
year by year, and by 2019, the number of deaths in the
age group over 80 in high SDI regions even exceeded that
in the age group between 40 and 59. In low-middle SDI
and low SDI regions, there have been changes in the age
distribution of the number of cases and deaths of esopha-
geal cancer, with a decrease in the proportion of deaths
occurring over the age of 80 and an increase in the pro-
portion of people aged 40—59.

The impact of age, period, and cohort factors on the
incidence, mortality, and disability adjusted life years of
esophageal cancer

This study analyzed the impact of age, period, and
cohort effects on the global and different SDI regions.
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As shown in Fig. 5 and Figure S5, Table S1 for the age-
related impact in the World and different SDI regions, it
can be clearly seen that except for the high SDI regions,
the mortality rate continues to increase with age, the
incidence, mortality, and DALY rates in other regions
show a trend of first rising and then declining with age.
The incidence and mortality rates began to decline after
reaching the peak in the 85-90 age group, and the DALY
rate reached the peak in the 70-75 age group. Among
them, the increase and decrease of male incidence, mor-
tality and DALY rates are greater than that of female with
the increase of age. Compared with low-middle SDI and
low SDI areas, incidence, mortality, and DALY rates of all
age groups in high SDI, high-middle SDI and middle SDI
areas are higher.

The global and different SDI regions have different
period effects. At the global level, the period effect of
incidence, mortality and DALY rates gradually decreases
over time. In countries and regions with high SDI,
the period effect of incidence rate almost remained
unchanged from 1990 to 2019, and mortality and DALY
rates only showed a slight downward trend. Countries
and regions with high -middle SDI and middle SDI expe-
rienced significant risk reduction periods after 2002. In
contrast, the risk reduction trend in regions with low
-middle SDI and low SDI was not significant between
1990 and 2019 and remained basically unchanged after
2012 (Fig. 6, Table S1).
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Like the period effect, in the global, high-middle SDI
and middle SDI regions, with the backward shift of birth
year, the risk of birth queue is significantly reduced, espe-
cially in middle SDI regions. In contrast, the incidence,
mortality, and DALY rates risk in areas with high SDI,
low-middle SDI and low SDI have not changed signifi-
cantly. Except for areas with high SDI, the risk of birth
queue in other areas showed a trend that women were

higher than men in 1890-1945, and then men were
higher than women (Fig. 7, Table S1).

Analysis of risk factors of esophageal cancer

At the global level, among the risk factors of esophageal
cancer from 1990 to 2019, smoking accounted for the
highest proportion, followed by alcohol use. With the
passage of time, the proportion of high BMI gradually
increased, and the proportion of dietary risks gradually
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decreased. Among the risk factors in high SDI areas,
alcohol use and high BMI are higher than those in other
areas. Among the risk factors in the middle SDI area,
smoking accounts for a relatively high proportion, and
the proportion of dietary risks is decreasing year by year.
chewing tobacco and dietary risks accounted for the
highest proportion in low-middle SDI and low SDI areas,
and there was no significant change between 1990 and
2019 (Fig. 8).

Discussion

Disease burden of esophageal cancer in different regions
In the past 30 years, the global population has gradually
increased, increasing by 44.6% compared to 1990 [18]. In
2019, the absolute number of incidence, death and DALY
of esophageal cancer increased compared with 1990, but
ASIR and ASMR of esophageal cancer decreased, and
the ASDR even decreased by 88.22%.From 1990 to 2019,
the observed decline in ASIR and ASMR may be due to
the improvement of some social and environmental fac-
tors [19]. In addition, it is necessary to focus on high-
risk areas such as high-income areas in North America,

Western sub-Saharan Africa, Mongolia, and China, and
identify the reasons for the high ASIR and ASMR of
esophageal cancer. Adenocarcinoma is the main sub-
type in countries such as the United States, Australia,
and Western Europe [20]. Tiirkiye, Iran, Kazakhstan, and
northern China form the “Asian Esophageal Cancer Belt”
[21], where esophageal cancer has a high incidence and
mortality rates, which may be related to local environ-
mental factors and living habits [22]. There is an “African
Esophageal Cancer Corridor” in Africa, which is a high
incidence area for esophageal squamous cell carcinoma.
It is currently inferred that the occurrence of esophageal
cancer in Africa is related to micronutrient deficiency
[23]. In the whole population of esophageal cancer, ASIR,
ASMR, and ASDR of men are more than three times
higher than those of women, which may be related to
hormone levels, metabolism and immunity between men
and women [24].
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Effect of different SDIs on the disease burden of
esophageal cancer

Globally, the burden of esophageal cancer has decreased
significantly, but the cases of esophageal cancer has
increased in some countries or regions, especially in
high SDI areas, which may be related to the increase of
population in high SDI areas. Therefore, it is necessary to
further strengthen health education for migrant popula-
tions and popularize knowledge on disease prevention
and control. On the contrary, the mortality rate in high
SDI areas is significantly lower than that in other areas,
indicating that high-income areas have better medical
conditions [25]. Improving medical care is a key factor
in preventing and treating cancer incidence and mortal-
ity. With the increase of SDI levels, the disease burden of
21 regions and 204 countries worldwide shows a trend
of first decreasing, then increasing, and then decreasing,
indicating that the disease burden of esophageal cancer
is heavier in the middle SDI region, which may be related
to the high smoking rate in the middle SDI region [26].
Because smoking is the main cause of increased inci-
dence of esophageal cancer. Between 1990 and 2019,
the incidence and mortality rates of esophageal cancer
gradually increased among people over the age of 80 in
the global, high SDI, high- middle SDI, and middle SDI
regions, which is closely related to global population
aging [27]. In low to middle SDI and low SDI regions,
the proportion of people aged 40-59 is higher than other
regions and tends to be younger, which is related to local
economic, educational, and cultural factors [28]. Due to
the low level of economy and education, people do not
have enough awareness of cancer and cannot prevent it
in time [29].

Effect of age, period, and cohort effect on esophageal
cancer

The results of age-period-cohort model show that in the
past 30 years, there are different ages, periods, and birth
queues among different sexes in the world and different
SDI regions. The age effect suggests that the incidence,
mortality, and DALY rates of esophageal cancer gradually
increase with the increase of age, reaching the peak at the
age of 85-89, which indicates that with the intensifica-
tion of population aging, the number of elderly patients
increases, and they are usually not adequately treated,
which will inevitably affect the disease burden [27].
Therefore, there is a need to provide these elderly patients
with adequate treatment options, including increased life
expectancy, reduced comorbidities, and improved quality
of life [30, 31].. The results of period effect show that the
risk of incidence, mortality and DALY rates in men is sig-
nificantly higher than that in women after 2002, suggests
that prophylactic screening for men should be increased.
From 1990 to 2019, the period effect gradually decreased
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over time, and the downward trend was the most obvi-
ous in the middle SDI area. This may be closely related
to the implementation of smoking cessation and alcohol
restriction in developing countries. Cohort effect shows
that the birth cohort risk of esophageal cancer in dif-
ferent populations born at a specific time point shows a
downward trend in incidence, mortality, and DALY rates.
The analysis of age-period-cohort model in different SDI
regions shows that the period effect and birth cohort
effect have the most significant risk reduction trends in
high-middle SDI regions and middle SDI regions. The
changes of period effect and birth queue effect in low-
middle SDI area and low SDI area only decreased slightly.
Studies have shown that period and cohort effects have
a significant impact on the incidence of esophageal can-
cer in regions with high SDI, such as Australia and the
United States [32]. Therefore, the prevention and control
measures of esophageal cancer should be strengthened in
low-middle SDI areas and low SDI areas.

Influence of risk factors for esophageal cancer

In this study, alcohol use, smoking, high BMI, chewing
tobacco and dietary risks were included as important risk
factors for esophageal cancer. The main factors of esoph-
ageal squamous cell carcinoma are excessive alcohol use
and smoking, and esophageal adenocarcinoma is mainly
secondary to gastroesophageal reflux disease, and the
risk of gastroesophageal reflux disease increases with the
increase of body weight BMI [33]. Men and women are
more likely to die from esophageal cancer than women
due to the difference in smoking rates [34, 35]. Therefore,
increasing smoking cessation rates is of great signifi-
cance in preventing the occurrence of esophageal cancer.
In the past 30 years, the risk of high BMI has gradu-
ally increased, indicating that we should pay attention
to weight and reduce the incidence of obesity. In addi-
tion, studies have shown that compared to individuals
with low genetic predispositions, individuals with high
genetic obesity tendencies have a higher risk of devel-
oping esophageal cancer, and early screening for obesity
should be strengthened [36, 37]. In low-middle SDI areas
and low SDI areas, the risk of chewing tobacco and diet
is relatively high, which may be related to population
and social economy [38]. Because there are obstacles in
eliminating risk factors, it is difficult to achieve primary
prevention. At present, the basic principle of esophageal
cancer prevention is to identify high-risk groups in the
early stage of the disease so that they can get timely treat-
ment and strengthen monitoring to achieve secondary
prevention [39].

GBD studies presented comprehensive, high-qual-
ity estimates of the global burden of disease, but they
had some limitations based on data collection proce-
dures, treatments, and individual biases. Data collection
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procedures and data sources vary across countries
and regions. In addition, there may be significant dif-
ferences in incidence between different regions of the
same country, whereas GBD does not have a detailed
record of development within the country. In addition to
this, another limitation is that, as an age-period-cohort
model-based study, we provide long-term trends in
esophageal cancer, but the effects of many suspected risk
factors have not been well studied.

Conclusion

Although ASIR, ASMR, and ASDR of esophageal cancer
show a downward trend globally, esophageal cancer is
still a disease with a heavy burden in the World [5, 40].
In recent years, the overall disease burden of esopha-
geal cancer has gradually decreased with the increase
of SDI, but the disease burden in middle SDI areas has
significantly increased. Therefore, screening and pre-
vention and control of esophageal cancer in these areas
should be strengthened. At the same time, control for
known potential risk factors for esophageal cancer, such
as reducing smoking and alcohol consumption, control-
ling body fat, and paying attention to diet. If possible, col-
lecting disease burden and related genetic information
of esophageal cancer among different races can provide
strong evidence for global esophageal cancer prevention
services. At the same time, we still need to explore new
treatment methods to improve the survival rate and qual-
ity of life of esophageal cancer patients.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-024-17706-8.

[ Supplementary Material 1 ]

Author contributions

(I) Conception and design: Huiying Li; (1) Administrative support: Xianzhi

Yang; (lll) Collection and assembly of data: Aigi Zhang; (IV) Data analysis and
interpretation: Guanying Liang; (V) Manuscript writing: Yue SunandJian Zhang;
(V1) Final approval of manuscript: All authors.

Data availability
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate

The data used in this study are publicly available, and the means by which we
recorded information for this article did not involve human tissues or samples,
so this study is not required for the benefit of an international reader.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 11 of 12

Author details

'Department of Pathology, Harbin Medical University Cancer Hospital,
150 Haping Road, Harbin City, Heilongjiang Province, People’s Republic
of China

’Emergency Internal Medicine, The First Affiliated Hospital of Harbin
Medical University, Harbin City, Heilongjiang Province, People’s Republic
of China

*Academic Department of Science and Technology, Harbin Medical
University Cancer Hospital, Harbin City, Heilongjiang Province, People’s
Republic of China

“Department of Thoracic Surgery, Harbin Medical University Cancer
Hospital, Harbin City, Heilongjiang Province, People’s Republic of China

Received: 13 July 2023 / Accepted: 9 January 2024
Published online: 17 January 2024

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71:209-49.

2. Short MW, Burgers KG, Fry VT. Esophageal cancer. Am Fam Physician.
2017;95:22-8.

3. Smyth EC, Lagergren J, Fitzgerald RC, Lordick F, Shah MA, Lagergren P, et al.
Oesophageal cancer. Nat Rev Dis Primers. 2017;3:17048.

4. Codipilly DC, Wang KK. Squamous cell carcinoma of the esophagus. Gastro-
enterol Clin North Am. 2022;51:457-84.

5. Uhlenhopp DJ, Then EQ, Sunkara T, Gaduputi V. Epidemiology of esophageal
cancer: update in global trends, etiology and risk factors. Clin J Gastroenterol.
2020;13:1010-21.

6. Ness-Jensen E. Epidemiology and prevention of oesophageal adenocarci-
noma. Scand J Gastroenterol. 2022;57:891-95.

7. Napier KJ, Scheerer M, Misra S. Esophageal cancer: a review of epidemiology,
pathogenesis, staging workup and treatment modalities. World J Gastrointest
Oncol. 2014;6:112-20.

8. JiangY,LinY,WenY, FuW, Wang R, He J, et al. Global trends in the burden of
esophageal cancer, 1990-2019: results from the global burden of Disease
Study 2019. J Thorac Dis. 2023;15:348-64.

9. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic analysis
for the global burden of Disease Study 2019. Volume 396. Lancet; 2020. pp.
1204-22.

10.  GBD 2019 Mental Disorders Collaborators. Global, regional, and national
burden of 12 mental disorders in 204 countries and territories, 1990-2019:

a systematic analysis for the global burden of Disease Study 2019. Lancet
Psychiatry. 2022,9:137-50.

11, LiuZ SuZ LiW, Zhang F, Ouyang W, Wang S, et al. Global, regional, and
national time trends in disability-adjusted life years, mortality, and variable
risk factors of non-rheumatic calcified aortic valve disease, 1990-2019: an
age-period-cohort analysis of the global burden of Disease 2019 study. J
Thorac Dis. 2023;15:2079-97.

12. LouZ HuangV,LiS, Luo Z Li C, ChuK et al. Global, regional, and national
time trends in incidence, prevalence, years lived with disability for uterine
fibroids, 1990-2019: an age-period-cohort analysis for the global burden of
disease 2019 study. BMC Public Health. 2023;23(1):91.

13. LiX LiuZ Jiang X, Xia R, Li Y, Pan X, et al. Global, regional, and national
burdens of atrial fibrillation/flutter from 1990 to 2019: an age-period-cohort
analysis using the global burden of Disease 2019 study. J Glob Health.
2023;13:04154.

14.  Rosenberg PS, Anderson WF. Age-period-cohort models in cancer surveil-
lance research: ready for prime time? Cancer Epidemiol Biomarkers Prev.
2011;20:1263-8.

15.  Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort
analysis of cancer incidence and mortality rates. Cancer Epidemiol Biomark-
ers Prev. 2014;23:2296-02.

16. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204
countries and territories, 1990-2019: a systematic analysis for the global
burden of Disease Study 2019. Lancet. 2020;396:1223-49.

17. GBD 2015 Risk Factors Collaborators. Global, regional, and national compara-
tive risk assessment of 79 behavioural, environmental and occupational, and


https://doi.org/10.1186/s12889-024-17706-8
https://doi.org/10.1186/s12889-024-17706-8

Li et al. BMC Public Health

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2024) 24:212

metabolic risks or clusters of risks, 1990-2015: a systematic analysis for the
global burden of Disease Study 2015. Lancet. 2016;388:1659-724.

Institute for Health Metrics and Evaluation. GBD Results Tool. 2019. Available
online: https://ghdx.healthdata.org/gbd-results-tool.

GBD 2017 Oesophageal Cancer Collaborators. The global, regional, and
national burden of oesophageal cancer and its attributable risk factors in
195 countries and territories, 1990-2017: a systematic analysis for the global
burden of Disease Study 2017. Lancet Gastroenterol Hepatol. 2020;5:582-97.
Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal carcinoma.
Lancet. 2013;381:400-12.

Wheeler JB, Reed CE. Epidemiology of esophageal cancer. Surg Clin North
Am. 2012,92:1077-87.

slami F, Kamangar F, Aghcheli K, Fahimi S, Semnani S, Taghavi N, et al. Epide-

miologic features of upper gastrointestinal tract cancers in northeastern Iran.

BrJ Cancer. 2004;90:1402-06.

Schaafsma T, Wakefield J, Hanisch R, Bray F, Schiiz J, Joy EJ, et al. Africa’s
oesophageal cancer corridor: geographic variations in incidence correlate
with certain micronutrient deficiencies. PLoS ONE. 2015;10:e0140107.

Rubin JB, Lagas JS, Broestl L, Sponagel J, Rockwell N, Rhee G, Rosen SF et al.
Sex differences in cancer mechanisms. Biol Sex Differ 2020,11:17.

Mubarik S, Yu'Y, Wang F, Malik SS, Liu X, Fawad M, et al. Epidemiological and
sociodemographic transitions of female breast cancer incidence, death, case
fatality and DALYs in 21 world regions and globally, from 1990 to 2017: an
age-period-cohort analysis. J Adv Res. 2021;37:185-96.

Zou J, SunT, Song X, Liu YM, Lei F, Chen MM, et al. Distributions and trends
of the global burden of COPD attributable to risk factors by SDI, age, and

sex from 1990 to 2019: a systematic analysis of GBD 2019 data. Respir Res.
2022;23:90.

Bollschweiler E, Plum P, Monig SP, Holscher AH. Current and future treatment
options for esophageal cancer in the elderly. Expert Opin Pharmacother.
2017;18:1001-10.

GBD 2019 Adolescent Mortality Collaborators. Global, regional, and

national mortality among young people aged 10-24 years, 1950-2019: a
systematic analysis for the global burden of Disease Study 2019. Lancet.
2021;398:1593-618.

Hull R, Mbele M, Makhafola T, Hicks C, Wang SM, Reis RM, et al. A multina-
tional review: oesophageal cancer in low to middle-income countries. Oncol
Lett. 2020;20(4):42.

Thrift AP, Whiteman DC. The incidence of esophageal adenocarcinoma

continues to rise: analysis of period and birth cohort effects on recent trends.

Ann Oncol. 2012;23:3155-62.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 12 of 12

Hur C, Miller M, Kong CY, Dowling EC, Nattinger KJ, Dunn M, et al.

Trends in esophageal adenocarcinoma incidence and mortality. Cancer.
2013;119:1149-58.

Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal carcinoma.
Lancet. 2013;381(9864):400-12.

Nirwan JS, Hasan SS, Babar ZU, Conway BR, Ghori MU. Global prevalence and
risk factors of gastro-oesophageal reflux disease (gord): systematic review
with meta-analysis. Sci Rep. 2020;10:5814.

Nasrollahzadeh D, Kamangar F, Aghcheli K, Sotoudeh M, Islami F, Abnet CC,
et al. Opium, tobacco, and alcohol use in relation to oesophageal squamous
cell carcinoma in a high-risk area of Iran. Br J Cancer. 2008;98:1857-63.

GBD 2019 Tobacco Collaborators. Spatial, temporal, and demographic pat-
terns in prevalence of smoking tobacco use and attributable disease burden
in 204 countries and territories, 1990-2019: a systematic analysis from the
global burden of Disease Study 2019. Lancet. 2021;397:2337-60.

Thrift AP. Shaheen NJ, Gammon MD, Bernstein L, Reid BJ, Onstad L, et al.
Obesity and risk of esophageal adenocarcinoma and Barrett's esophagus: a
mendelian randomization study. J Natl Cancer Inst. 2014;106:252.

Kubo A, Cook MB, Shaheen NJ, Vaughan TL, Whiteman DC, Murray L, et al.
Sex-specific associations between body mass index, waist circumference
and the risk of Barrett's oesophagus: a pooled analysis from the international
BEACON consortium. Gut. 2013:62:1684-91.

Nazri NS, Vanoh D, Leng SK. Malnutrition, low diet quality and its risk factors
among older adults with low socio-economic status: a scoping review. Nutr
Res Rev. 2021;34:107-16.

Chung CS, Lee YC, Wang CP, Ko JY, Wang WL, Wu MS, et al. Secondary
prevention of esophageal squamous cell carcinoma in areas where smok-
ing, alcohol, and betel quid chewing are prevalent. J Formos Med Assoc.
2010;109:408-21.

Sheikh M, Roshandel G, McCormack V, Malekzadeh R. Current status and
future prospects for esophageal cancer. Cancers (Basel). 2023;15:765.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://ghdx.healthdata.org/gbd-results-tool

	﻿Age-period-cohort analysis of incidence, mortality and disability-adjusted life years of esophageal cancer in global, regional and national regions from 1990 to 2019
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources
	﻿Statistical analysis
	﻿Descriptive analysis
	﻿Age-period-cohort model analysis
	﻿Risk factor analysis


	﻿Results
	﻿The burden of esophageal cancer at global and regional level
	﻿Influence of socio-demographic index on esophageal cancer incidence, mortality and DALYs
	﻿Time trend of incidence, deaths, and disability adjusted life year distribution of esophageal cancer in different age groups
	﻿The impact of age, period, and cohort factors on the incidence, mortality, and disability adjusted life years of esophageal cancer
	﻿Analysis of risk factors of esophageal cancer

	﻿Discussion
	﻿Disease burden of esophageal cancer in different regions
	﻿Effect of different SDIs on the disease burden of esophageal cancer
	﻿Effect of age, period, and cohort effect on esophageal cancer
	﻿Influence of risk factors for esophageal cancer

	﻿Conclusion
	﻿References


