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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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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 1990 × 100%, 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) = µ + αa + βb + γc + ε

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
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Where, log (abc) is the natural logarithm of incidence /
mortality/DALY rate; µ is the intercept term, represent-
ing the disease risk reference level for age, period, and 
cohort parameters; αa is the age effect of the age group 
a, a = 1,2,…; βb represents the period effect of the b-th 
period, b = 1,2,…;γc represents the queue effect of the c-th 
queue, c = b-a + n, n represents the number of age groups; 
ε 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].

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.

https://analysistools.cancer.gov/apc/
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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

 

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

 

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
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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. 

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).

Fig. 4 Trends in the age distribution of incidence number, deaths and DALY owing to esophageal cancer across countries and regions with different SDI 
for the entire population, 1990–2019
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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 

Fig. 6 Analysis of the period effects of esophageal cancer incidence, mortality, and DALY globally and in countries and regions with different SDIs from 
1990 to 2019

 

Fig. 5 Age effect analysis of esophageal cancer incidence, mortality, and disability adjusted life years globally and in countries and regions with different 
SDI from 1990 to 2019
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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]. Türkiye, 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].

Fig. 8 Trends in the proportion of age adjusted life years for esophageal cancer caused by different risk factors in countries and regions with different 
SDI levels from 1990 to 2019

 

Fig. 7 Analysis of the cohort effects of esophageal cancer incidence, mortality, and DALY globally and in countries and regions with different SDIs from 
1990 to 2019
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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 

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.
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