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Abstract

Background and Aims: Esophageal cancer (EC) is one of the most common

gastrointestinal malignancies. The geographical variation shows the influence of

genetic factors, ethnicity, and distribution of various risk factors. Accurate

knowledge of EC epidemiology at the global level will help to develop management

strategies. Therefore, the present study was conducted to investigate the global and

regional disease burden of EC, including the incidence, mortality, and burden of this

cancer in 2019.

Methods: Incidence, mortality, disability‐adjusted life years (DALYs), and age‐

standardized rates (ASRs) associated with EC in 204 countries in different

classifications were extracted from the global burden of disease study. After

collecting information on metabolic risks, fasting plasma glucose (FPG), low‐density

lipoprotein (LDL) cholesterol, and body mass index (body mass index), the

relationship between age‐standardized incidence rate (ASIR), mortality rate, and

DALYs with these variables was determined.

Results: In 2019, 534,563 new cases of EC were reported worldwide. The highest

ASIR is related to regions with medium sociodemographic index (SDI), and high

middle income according to the World Bank, the Asian continent, and the western

Pacific region. In 2019, a total of 498,067 deaths from EC were recorded. The

highest mortality rate due to ASR is in countries with medium SDI and countries with

upper middle income of the World Bank. In 2019, 1,166,017 DALYs were reported

due to EC. The ASIR, ASDR, and DALYS ASR of EC showed a significant negative

linear correlation with SDI, metabolic risks, high FPG, high LDL cholesterol, and high

BMI (p < 0.05).

Conclusions: The results of this study showed significant gender and geographic

variation in the incidence, mortality, and burden of EC. It is recommended to design
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and implement preventive approaches based on known risk factors and improve

quality and access to efficient and appropriate treatments.
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1 | INTRODUCTION

Esophageal cancr (EC) is one of the most common gastrointestinal

malignancies, with an estimated 0.6 million new cases and 0.54 million

deaths in 2020.1 Despite recent advances in the early detection and

treatment of EC, it is still one of the most deadly cancers with a 5‐year

survival rate of only 10%–15%.2,3 From the histological point of view, EC

appears in one of the two forms of esophageal squamous cell carcinoma

(ESCC) and adenocarcinoma (ACE), which are different in terms of

occurrence background pattern and etiological factors.4 Studies have

shown that more than 85% of EC cases are ESCC.5 ESCC has a higher

prevalence in developing countries, especially in Southern Europe, East

Asia, and South and East Africa, and has a lower incidence in some

regions such as North America. In contrast, ACE is increasing in

developed countries such as the United States.6

The geographical variation shows the influence of genetic

factors, ethnicity, and distribution of various risk factors.4,7 ESCC

has a close relationship with lifestyle and environmental factors

such as alcohol consumption, tobacco use, and diet,8,9 while ACE

is associated with gastric reflux that leads to Barrett's esophagus,

which is a known definitive cause of ACE.10 ACE is also more

prevalent in the male gender, obese persons, current smokers or

who had a history of smoking.3

Accurate knowledge of EC epidemiology at the global level

and identification of high‐risk areas in terms of incidence and

mortality and associated risk factors will help develop manage-

ment strategies and wisely allocate limited health resources Lack

of up‐to‐date information, being local, and investigation of

special risk factors lead to which available studies could not

show an exclusive perspective.11–13 According to the mentioned

considerations, the present study was conducted to investigate

the global and regional disease burden of EC, including the

incidence, mortality, and DALY based on different SDI regions

and also find out its relationship with metabolic risks, fasting

plasma glucose (FPG), low‐density lipoprotein (LDL) cholesterol,

and body mass index (BMI).

2 | MATERIALS AND METHODS

2.1 | Data sources

Age‐standardized incidence rate (ASIR), deaths, disability‐

adjusted life years (DALYs), years of life lost (YLLs), and years

lived with disability (YLDs) of EC, and targeted risk factors were

extracted from the online global burden of disease (GBD)

database 2019; which presented the most recent data for

epidemiological indexes of diseases at http://ghdx.healthdata.

org. In GBD, the epidemiological indexes of 369 diseases and

injuries for both sexes in 204 countries and territories based on

various divisions of countries were estimated. For an accurate

interpretation, we extracted EC data for 204 countries and a

variety of classifications based on age groups, sociodemographic

index (SDI), World Health Organization (WHO) regions, con-

tinents, World Bank regions, and GBD regions.14–16

The SDI is the geometric mean of three factors including per

capita income, average years of schooling, and total fertility rate; and

identifies the position of countries or geographic areas on a scale of

development from 0 (lowest) to 1 (highest).17

The World Bank categorizes economies for analysis into four

income groups; low, medium‐low, medium‐high, and high. It does this

by using per capita gross national income data in US dollars

converted into local currency, using the World Bank's Atlas method,

which is applied to smooth changes in exchange rates.18

DALY is one of the most common summative measures of the

health gap in the area of public health and have become the primary

measure of quantification of the burden of disease.19 In GBD, DALY

is a developed internationally standardized form of QALY and is

defined as theYLL due to premature death and the years lived with a

disability of specified severity and duration.16

Metabolic risks are important modifiable risk factors for a

wide variety of diseases, including cardiovascular disease, cancer,

and injury.20 In GBD, high FPG, high LDL cholesterol, high systolic

blood pressure (SBP), high BMI, low bone mineral density (BMD),

and kidney dysfunction were considered metabolic risks. The

theoretical level of exposure to the minimum risk of a certain risk

factor has been defined as the minimum level of death or DALY‐

weighted multi‐cause risk factor curves of previous meta‐analysis

studies.21

TMREL of high BMI was defined as BMI ≥ 25 kg/m2 for

adults (ages 20+), and was based on International Obesity Task

Force standards for children (ages 1–19)22; high FPG as any level

above the 4.8–5.4 mmol/L23; high LDL cholesterol as LDL‐

cholesterol above 0.7–1.3 mmol/L24; high SBP as SBP above

110–115 mmHg.25 Kidney dysfunction was defined by urinary

albumin to creatinine ratio and estimated glomerular filtration

rate as KDIGO classification (CKD stages 1–5).26 Because bone

minerals varied by age and sex, the TMREL of low BMD was

defined as the 99th percentile of BMD by age and sex, based on

the NHANES study.21
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2.2 | Ethical approaches

This study was approved by the ethics committee of Birjand

University of Medical Sciences (ethics committee approval code:

IR.BUMS.REC.1400.414). Because no identifiable data were used,

informed consent was not necessary for this study.

2.3 | Statistical analysis

Data were expressed as values with a 95% confidence interval (CI).

Incidence, deaths, DALYs, YLLs, YLDs, and age‐standardized rates

(ASRs) were expressed as numbers per 100,000 population for the

description of the different classifications. To remove the influence of

different ages in the patient population and to ensure comparability

of statistical indicators, ASRs were expressed in figures per 100,000

population. Then, using SPSS software version 16 and the Pearson

correlation coefficient, the correlation between SDI, metabolic risks,

FPG, LDL cholesterol, BMI and age‐standardized incident rates, death

rates, and DALY rates of EC were calculated. A p value of less than

0.05 was considered statistically significant. Definitions of the

terminology used in this study can be found at https://www.

healthdata.org/terms-defined and https://www.healthdata.org/

gbd/.16

3 | RESULTS

3.1 | Incidence rates of EC

In 2019, 534,563 (95% CI: 466,513–595,342) new cases of EC were

reported worldwide, of which 388,827 (95% CI: 335,510–444,000)

among males and 145,736 (95% CI: 119,952–165,068) among

females. The ASIR of EC worldwide was 6.51 (95% CI: 5.69–7.25)

per 100,000 inhabitants; 10.13 (95% CI: 8.73–11.56) in males and

3.33 (95% CI: 2.74–3.77) in females.

The highest ASIR per 100,000 people for EC has been reported

in Malawi (24.53), Mongolia (21.93), Uganda (15.61), Cabo Verde

(15.57), Zimbabwe (15.4), Eswatini (15.14), Lesotho (14.59), China

(13.9), and Eritrea (13.2), respectively.

The lowest ASIR per 100,000 people for EC has been reported in

Nigeria (0.91), Syrian Arab Republic (0.92), Tunisia (0.96), Algeria

(1.08), Palestine (1.1), Jordan (1.14), Nicaragua (1.2), Peru (1.29) and

Lebanon (1.3); respectively.

In men, the highest ASIR has been reported in Malawi (33.08),

Cabo Verde (30.72), Mongolia (30.48), Eswatini (28.13), Lesotho

(23.72), Zimbabwe (22.33), China (21.94), Botswana (20.16), and

Taiwan (Province of China) (19.18), respectively. The lowest ASIR has

been observed in the Syrian Arab Republic (1.3), Nigeria (1.45),

Jordan (1.49), Tunisia (1.5), Algeria (1.56), Iraq (1.64), Palestine (1.66),

Morocco (1.84), and Lebanon (1.88), respectively.

In women, the highest ASIR has been reported in Malawi (17.28),

Mongolia (16.03), Eritrea (12.96), Uganda (11.18), Kenya (11.17),

Zambia (10.92), Somalia (10.8), Burundi (10.36), and Comoros (10.3),

respectively. The lowest ASIR has been observed in the Republic of

Moldova (0.33), Nigeria (0.42), Guam (0.44), San Marino (0.45),

Tunisia (0.45), Ukraine (0.46), Belarus (0.48), Nicaragua (0.51), and

Andorra (0.52), respectively.

Statistics show that the highest ASIR for EC occurs in countries

with middle SDI (8.42 [95% CI: 6.7–9.75] per 100,000) worldwide.

The lowest ASIR occurs in countries with low‐middle SDI (4.37 [95%

CI: 3.85–6.17] per 100,000 people) worldwide. In men, the highest

ASIR for EC occurs in countries with middle SDI (12.7 [95% CI:

10.08–15.16] per 100,000 people). The lowest ASIR occurs in

countries with low‐middle SDI (5.84 [95% CI: 5.06–8.63] per

100,000 people). In women, the highest ASIR for EC occurs in

countries with middle SDI (4.58 [95% CI: 3.13–5.46] per 100,000

people) and low SDI (4.48 [95% CI: 3.65‐5.38] per 100,000 people).

The lowest ASIR occurs in countries with high SDI (1.93 [95% CI:

1.69–2.16] per 100,000 people).

According to the World Bank classification, the ASIR for EC is

highest in the World Bank upper middle income (9.63 [95% CI:

7.68–11.21] per 100,000 people) worldwide and 15.41 (95% CI:

12.08–18.52) per 100,000 people in males; in females in low income

(5.91 [95% CI: 4.14–7.4] per 100,000 people) is higher. The lowest

rates were seen in lower middle income (3.36 [95% CI: 3.01–4.22]

per 100,000 people) worldwide; and 4.29 (95% CI: 3.71–5.54) per

100,000 people in males; in females in high income (1.78 [95% CI:

1.57–1.99] per 100,000 people) is lower.

Among the continents, the highest ASIR was reported in Asia

(8.24 [95% CI: 6.96–9.43] per 100,000 people) worldwide, 12.56

(95% CI: 10.28–14.89) per 100,000 people in men, and (4.33 [95% CI:

3.39–5.1] per 100,000 people) in women, while the lowest was

observed in America (3.85 [95% CI: 3.48–4.25] per 100,000 people)

and Europe (3.95 [95% CI: 3.55–4.38] per 100,000 people) world-

wide and among men (6.47 [95% CI: 5.78–7.27] per 100,000 people);

in women in America continent (1.61 [95% CI: 1.43–1.79] per

100,000 people) is higher.

The highest ASIR for EC among WHO regions was found in the

Western Pacific Region (11.43 [95% CI: 9.1–13.39] per 100,000

people). The lowest was reported in the South‐East Asia Region (3.36

[95% CI: 2.92–4.59] per 100,000 people). For men, the highest ASIR

was seen in the Western Pacific Region (18.41 [95% CI: 14.51–22.3]

per 100,000 people) and the lowest was reported in the South‐East

Asia Region (4.23 [95% CI: 3.53–6.01] per 100,000 people). For

women, the highest ASIR was seen in the Western Pacific Region

(5.23 [95% CI: 3.59–6.49] per 100,000 people) and the lowest was

reported in the Region of the Americas (1.61 [95% CI: 1.43–1.79] per

100,000 people).

In the GBD regions, the highest ASIR is seen in East Asia (13.72

[95% CI: 10.64–16.25] per 100,000 people) and the lowest in Andean

Latin America (1.51 [95% CI: 1.22–1.85] per 100,000 people). For

men, the highest ASIR was seen in East Asia (21.7 [95% CI:

16.37–26.61] per 100,000 people) and the lowest was reported in

Andean Latin America (2.22 [95% CI: 1.77–2.81] per 100,000

people). For women, the highest ASIR was seen in Eastern
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Sub‐Saharan Africa (8.56 [95% CI: 6.33–10.86] per 100,000 people)

and the lowest was reported in the Andean Latin America (0.85 [95%

CI: 0.68–1.06] per 100,000 people).

More details are presented in Tables 1–3 and Figures 1–4.

3.2 | Death rates of EC

In 2019, 498,067 (95% CI: 438,411–551,462) death due to EC was

reported worldwide, of which 365,554 (95% CI: 315,014–415,028)

among males and 132,513 (95% CI: 110,337–150,271) among

females.

The age‐standardized death rate (ASDR) of EC worldwide was

6.11 (95% CI: 5.38–6.76) per 100,000 inhabitants; 9.68 (95% CI:

8.34–10.96) in males and 3.02 (95% CI: 2.52–3.43) in females.

The highest ASDR per 100,000 people for EC has been reported

in Malawi (25.76), Mongolia (24.53), Uganda (16.53), Cabo Verde

(16.38), Zimbabwe (16.02), Eswatini (15.86), Lesotho (15.44), Eritrea

(13.92), and Kenya (13.72), respectively. The lowest ASDR per

100,000 people for EC has been reported in the Syrian Arab Republic

(0.96), Tunisia (0.97), Nigeria (1), Algeria (1.15), Palestine (1.16),

Jordan (1.16), Lebanon (1.25), Iraq (1.3), and Nicaragua (1.32),

respectively.

In men, the highest ASDR has been reported in Malawi (34.44),

Mongolia (27), Cabo Verde (32.4), Eswatini (29.61), Lesotho (25.18),

Zimbabwe (23.45), Uganda (22.06), Botswana (21.08), and Greenland

(18.55), respectively. The lowest ASDR has been observed in the

Syrian Arab Republic (1.35), Jordan (1.54), Tunisia (1.55), Nigeria

(1.59), Algeria (1.65), Iraq (1.75), Maldives (1.78), Lebanon (1.87), and

Saudi Arabia (1.93), respectively.

In women, the highest ASDR has been reported in Malawi

(18.45), Mongolia (18.22), Eritrea (13.75), Kenya (13.4), Uganda

(12.03), Somalia (11.62), Zambia (11.57), Comoros (10.95), and

Zimbabwe (10.75), respectively. The lowest ASDR has been observed

in San Marino (0.35), the Republic of Moldova (0.35), Andorra (0.37),

Ukraine (0.43), the Republic of Korea (0.44), Tunisia (0.44), Guam

(0.45), Libya (0.49), and Belarus (0.5), respectively

Statistics show that the highest ASDR for EC occurs in countries

with Middle SDI (6.54 (95% CI: 3.85–6.17) per 100,000 people). The

lowest ASDR occurs in countries with High SDI (4.18 [95% CI:

3.93–4.38] per 100,000 people). In men, the highest ASDR for EC

occurs in countries with Middle SDI (12.62 [95% CI: 10.12–15.04]

per 100,000 people) and the lowest ASDR occurs in countries with

Low‐middle SDI (6.04 [95% CI: 5.29–8.88] per 100,000 people). In

women, the highest ASDR for EC occurs in countries with Low SDI

(4.76 [95% CI: 3.87–5.75] per 100,000 people) and the lowest ASDR

occurs in countries with High SDI (1.51 [95% CI: 1.36–1.61] per

100,000 people).

According to the World Bank classification, the ASDR for EC is

highest in the Upper Middle Income (9.15 [95% CI: 7.41–10.66] per

100,000 people) worldwide and 15.12 (95% CI: 12.06–18.11) per

100,000 people in males; in females in Low Income (6.27 (95% CI:

4.37–7.93) per 100,000 people) is higher. The lowest rates were seen

in Lower Middle Income (3.5 [95% CI: 3.13–4.35] per 100,000

people) worldwide; in men, the lowest rate was observed in Lower

Middle Income (4.47 [95% CI: 3.9–5.74] per 100,000 people) and

women in high‐income countries with 1.4 (95% CI: 1.27‐1.5) per

100,000 population.

Among the continents, the highest ASDR was reported in Asia

(7.73 [95% CI: 6.57–8.8] per 100,000 people), while the lowest was

observed in Europe (3.49 [95% CI: 3.27–3.68] per 100,000 people)

worldwide. For men, the highest ASDR was reported in Asia (12.03

[95% CI: 9.93–14.17] per 100,000 people), and the lowest rate in

Europe (6.14 [95% CI: 5.76–6.49] per 100,000 people). For women,

the highest ASDR was reported in Africa (4.56 [95% CI: 3.39–5.58]

per 100,000 people) and the lowest rate in Europe (1.39 [95% CI:

1.27–1.48] per 100,000 people).

The highest ASDR for EC among WHO regions was found in the

Western Pacific Region (10.41 [95% CI: 8.36–12.26] per 100,000

people). The lowest was reported in the South‐East Asia Region (3.48

[95% CI: 3.05–4.71] per 100,000 people). For men, the highest ASDR

was seen in theWestern Pacific Region (17.29 [95% CI: 13.62–20.94]

per 100,000 people) and the lowest was reported in the South‐East

Asia Region (4.39 [95% CI: 3.67–6.16] per 100,000 people). For

women, the highest ASDR was seen in the African Region (5.21 [95%

CI: 3.89–6.43] per 100,000 people) and the lowest was reported in

the Region of the Americas (1.51 [95% CI: 1.38–1.6] per 100,000

people).

In the GBD regions, the highest ASDR was seen in East Asia

(12.96 [95% CI: 10.19–15.37] per 100,000 people) and the lowest in

Andean Latin America (1.63 [95% CI: 1.33–2] per 100,000 people).

For men, the highest ASDR was seen in East Asia (21.34 [95% CI:

16.45–26.2] per 100,000 people) and the lowest was reported in

Andean Latin America (2.44 [95% CI: 1.94–3.06] per 100,000

people). For women, the highest ASDR was seen in Eastern Sub‐

Saharan Africa (9.36 [95% CI: 6.82–11.83] per 100,000 people) and

the lowest was reported in Eastern Europe (0.89 [95% CI: 0.75–1.06]

per 100,000 people).

More details are presented in Tables 1–3 and Figures 1–4.

3.3 | The burden of EC

In 2019, 11,666,017 (95% CI: 10,378,747–12,938,949) DALYs due

to EC were reported worldwide, of which 11,515,943 (95% CI:

10,243,446–12,787,773) cases were related to YLLs and 150,074

(95% CI: 107,070–195,662) cases were related to YLDs.

The number of DALYs due to EC in men was reported

at 8,821,716 (95% CI: 7,626,694–10,090,930), of which

8,714,068 (95% CI: 7,522,778–9,973,749) cases were related to

YLLs and 107,649 (95% CI: 76,287–142,652) cases were related

to YLDs.

For women, the number of DALYs due to EC was reported at

2,844,300 (95% CI: 2,434,410–3,195,247), of which 2,801,875 (95%

CI: 2,391,555–3,157,407) cases were related to YLLs and 42,425

(95% CI: 29,237–56,389) cases were related to YLDs.
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The age‐standardized DALYs rate (ASR of DALYs) of EC

worldwide was 139.79 (95% CI: 124.44–154.98) per 100,000

inhabitants; 221.38 (95% CI: 191.21–252.216) in males and 65.29

(95% CI: 55.83–73.33) in females.

Worldwide, the highest ASR of DALYs has been reported in Malawi

(651.57), Mongolia (486.69), Eswatini (409.37), Uganda (403.54),

Zimbabwe (400.7), Lesotho (398.1), Cabo Verde (388.77), Eritrea

(347.49), and Somalia (339.06), respectively. The lowest ASR of DALYs

has been observed inTunisia (21.41), Syrian Arab Republic (21.75), Nigeria

(21.87), Algeria (24.24), Palestine (25.53), Jordan (26.16), Cyprus (26.58),

Lebanon (27.83), and Peru (28.57), respectively.

In men, the highest ASR of DALYs has been reported in Malawi

(900.59), Cabo Verde (770.5), Eswatini (756.95), Mongolia (680.59),

Lesotho (653), Zimbabwe (600), Uganda (561.42), Zambia (473.35),

and China (458.55), respectively. The lowest ASR of DALYs has been

observed in the Syrian Arab Republic (30.88), Tunisia (33.96), Jordan

(34.59), Nigeria (35.64), Algeria (35.9), Kuwait (37.51), Palestine

(37.62), Iraq (39.53), and Peru (41.86), respectively.

In women, the highest ASR of DALYs has been reported in Malawi

(432.87), Mongolia (343.15), Eritrea (332.32), Kenya (301.32), Somalia

(288.11), Zambia (278), Uganda (271.01), Comoros (258.99), and

Madagascar (254.35), respectively. The lowest ASR of DALYs has been

observed in San Marino (7.6), the Republic of Korea (8.09), the Republic

of Moldova (8.09), Andorra (8.25), Guam (9.35), Tunisia (9.46), Nigeria

(9.63), Ukraine (10.59), and Nicaragua (10.77), respectively.

Statistics show that the highest ASR of DALYs for EC occurs in

countries with Middle SDI (175.17 [95% CI: 145.44–202.51] per 100,000

people) and the lowest rates occur in countries with High SDI (95.82

[95% CI: 91.39–100.45] per 100,000 people). In men, the highest ASR of

DALYs for EC occurs in countries with Middle SDI (276.14 [95% CI:

223.66–330.77] per 100,000 people) and the lowest rates occur in

countries with Low‐middle SDI (148.95 [95% CI: 129.75–214.45] per

100,000 people). In women, the highest ASR of DALYs for EC occurs in

countries with Low SDI (113.69 [95% CI: 90.95–137.43] per 100,000

people) and the lowest rates occur in countries with High SDI (31.19

[95% CI: 29.25–33.02] per 100,000 people).

According to theWorld Bank classification, the ASR of DALYs for EC

is highest in the Low Income and Upper Middle‐Income categories

worldwide, Upper Middle Income (334.55 [95% CI: 268.87–404.18] per

100,000 people) in males, and Low Income (146.42 [95% CI:

101.96–185.86] per 100,000 people) in females. The lowest rates were

seen in Lower Middle‐ and Low‐Income countries worldwide, Lower

Middle Income (111.03 [95% CI: 96.61–140.75] per 100,000 people) in

men and women in High Income (29.2 [95% CI: 27.42–30.82] per

100,000 people).

Among the continents, the highest ASR of DALYs was reported

in Asia (170.51 [95% CI: 145.87–194.85] per 100,000 people), while

the lowest was observed in Europe (83.68 [95% CI: 79.13–88.37] per

100,000 people) worldwide. For men, the highest ASR of DALYs was

reported in Asia (265.89 [95% CI: 219.88‐314.77] per 100,000

people) and the lowest rate in Europe (147.25 [95% CI:

138.28–156.52] per 100,000 people) and America (147.83 [95% CI:

142.2–153.53] per 100,000 people). For women, the highest ASDR

was reported in Africa (102.49 [95% CI: 76.29–26.52] per 100,000

F IGURE 1 Age‐standardized incidence (ASIR) and death rate of EC in GBD regions by sex, in 2019. EC, esophageal cancer; GBD, global
burden of disease; LDL, low‐density lipoprotein; SDI, sociodemographic index.
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F IGURE 2 (A–E) Correlation between age‐standardized incidence rate of EC and (A) SDI, (B) metabolic risks, (C) high fasting plasma glucose
(FPG), (D) high LDL cholesterol, and (E) high body mass index (BMI). EC, esophageal cancer; LDL, low‐density lipoprotein; SDI, sociodemographic
index.

18 of 24 | MAZIDIMORADI ET AL.



F IGURE 3 (A–E) Correlation between age‐standardized death rate of EC and (A) SDI, (B) metabolic risks, (C) high fasting plasma glucose
(FPG), (D) high LDL cholesterol, and (E) high body mass index (BMI). The age‐standardized DALYs rates of EC decreased with using of SDI (r = −0.
374, p < 0.0001), metabolic risks (r = −0.220, p = 0.002), high FPG (r = −0.322, p < 0.0001), high LDL cholesterol (r = −0.448, p < 0.0001), high BMI
(r = −0.235, p < 0.001). DALY, disability‐adjusted life year; EC, esophageal cancer; LDL, low‐density lipoprotein; SDI, sociodemographic index.
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F IGURE 4 (A–E) Correlation between age‐standardized DALYs rate of EC and (A) SDI, (B) metabolic risks, (C) high fasting plasma glucose, (D)
high LDL cholesterol, and (E) high body mass index.
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people) and the lowest rate in Europe (29.44 [95% CI: 27.59–31.39]

per 100,000 people).

The highest ASR of DALYs for EC amongWHO regions was found in

the Western Pacific Region (226.88 [95% CI: 185.13–270.81] per

100,000 people). The lowest was reported in the South‐East Asia Region

(85.38 [95% CI: 74.31–114.42] per 100,000 people). For men, the highest

ASR of DALYs was seen in theWestern Pacific Region (379.54 [95% CI:

301.22–465.59] per 100,000 people) and the lowest was reported in the

South‐East Asia Region (108.39 [95% CI: 89.88–150.49] per 100,000

people). For women, the highest ASR of DALYs was seen in the African

Region (116.73 [95% CI: 87.92–145.35] per 100,000 people) and the

lowest was reported in the Region of the Americas (32.13 [95% CI:

30.3–33.89] per 100,000 people).

In the GBD regions, the highest ASR of DALYs was seen in East

Asia (275.44 [95% CI: 221.92–331.75] per 100,000 people) and the

lowest in Andean Latin America (33.43 [95% CI: 26.85–41.96] per

100,000 people). For men, the highest ASR of DALYs was seen in

East Asia (456.24 [95% CI: 356.28–566.73] per 100,000 people) and

the lowest was reported in Andean Latin America (49.28 [95% CI:

38.91–63.52] per 100,000 people). For women, the highest ASR of

DALYs was seen in Eastern Sub‐Saharan Africa (216.51 [95% CI:

158.04–276.05] per 100,000 people) and the lowest was reported in

Andean Latin America (18.81 [95% CI: 14.86–23.57] per 100,000

people). More details are presented in Tables 1–3 and Figures 1–4.

3.4 | The correlation between global EC incidence,
mortality, SDI, metabolic risks, fasting plasma
glucose, LDL cholesterol, and body mass index

The age‐standardized incidence rates of EC decreased with using of SDI (r

= −0.295, p < 0.001), metabolic risks (r = −0.211, p = 0.002), high fasting

plasma glucose (r = −0.338, p < 0.0001), high LDL cholesterol (r = −0.381,

p < 0.0001), high body mass index (r = −0.224, p = 0.002) (Figure 2A–E).

The age‐standardized death rates of EC decreased with using of SDI

(r = −0.355, p < 0.001), metabolic risks (r = −0.202, p = 0.004), high fasting

plasma glucose (r = −0.316, p < 0.0001), high LDL cholesterol (r = −0.434,

p < 0.0001), high body mass index (r = −0.217, p = 0.002) (Figure 3A–E).

The age‐standardized DALYs rates of EC decreased with using of SDI

(r = −0.374, p < 0.0001), metabolic risks (r = −0.220, p = 0.002), high

fasting plasma glucose (r = −0.322, p < 0.0001), high LDL cholesterol (r =

−0.448, p < 0.0001), high body mass index (r = −0.235, p < 0.001)

(Figure 4A–E).

4 | DISCUSSION

This study was conducted to investigate the incidence, mortality, and

disease burden of EC based on ASIR, ASDR, and DALY, and also to

examine the relationship between EC and metabolic risks, FPG, BMI,

and LDL cholesterol using the latest data of GBD 2019. The results

showed that the burden of disease, mortality, and incidence of EC is

3–3.4 times higher in men than that in women. The present study

revealed high geographical diversity in the burden of EC. In some

regions of Asia, such as China and Mongolia, which are known as the

“esophageal cancer belt,” high ASR was observed. We also found that

EC has a high incidence and death in some regions of East, West, and

South Africa. So that the ASIR of EC in the East Asia region and

Southern Sub‐Saharan Africa region is more than nine and seven

times that of the Andean Latin America region, respectively.

However, the quality of reported data is not the same in different

regions and the reported data should be interpreted with caution.28

As reported in previous studies,29 ASDR, ASIR, and DALY in men

were higher than in women, so the ASIR in men was reported to be

almost three times higher than that of women. However, according

to studies that investigated the trend of EC, the decrease in the

incidence of EC in men was higher than in women, and this has been

attributed to the increasing trend of smoking in women.30 Various

factors have been mentioned to justify this gender difference in the

burden of EC: First, the prevalence of known risk factors for EC

differs in men and women. Second, women seek treatment in the

early stages of the disease, and as a result of receiving treatment at

lower stages, they have a better prognosis than men.31

In this study, SDI is used to reflect socioeconomic status, another

factor related to the incidence of EC. Based on the observed

geographic variation, the ASIR of EC is higher in high SDI and medium

to high SDI countries and regions, which is consistent with other

studies that have shown low socioeconomic status has an inverse

relationship with EC.32,33 So that the ASIR of EC in the High‐middle

SDI and Middle SDI countries are more than 1.6 and 1.9 times that of

the Low‐middle SDI countries, respectively. In general, the incidence

of EC is higher in less developed and developing countries.34 Various

studies have shown an inverse relationship between ESCC and high

socioeconomic status, and a direct relationship between EAC and

higher socioeconomic status.27,35 However, some studies that have

been conducted using regional economic indicators do not confirm

this relationship.36,37 In any case, the observed relationship can be

because the low socioeconomic status of people leads to delayed

diagnosis and treatment and less access to medical services.38 Also,

the prognosis of EC may be different in patients with different

socioeconomic statuses. A study by Kuo et al. in China showed that

low socioeconomic status was strongly associated with an increased

risk of mortality caused by EC.39 In countries with a higher

prevalence of EC such as China, increasing endoscopic screening in

at‐risk populations is recommended for early detection of EC.

Studies have shown that metabolic syndrome is an important risk

factor for the development of malignancies40 and a positive

relationship between metabolic syndrome and EC has been

reported.41–43 Metabolic syndrome can lead to an increased risk of

EC in three ways (insulin resistance, activation of pro‐inflammatory

factors, and deregulation of leptin).44–46 In the meta‐analysis study

conducted by Zhang et al., results showed that among the

components of hyperglycemic metabolic syndrome, high blood

pressure, and BMI were more correlated to EC.47 Although no study
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has directly examined the relationship between EC and high blood

pressure, some studies have shown that high blood pressure is

associated with the occurrence of malignancies.48

High FPG is another factor related to EC, which according to the

results of the present study, has an inverse relationship with EC.

Hyperglycemia (FPG > 180) leads to respiratory dysfunction and

eventually, increases the anaerobic respiration of body cells

(hypoxia). When body cells are subjected to hypoxia for a long time,

the possibility of cell mutation and eventually, turning into cancer

cells increases.49 Furthermore, hyperglycemia leads to the induction

of tumorigenesis by indirectly increasing the function of IGF‐1. It also

directly causes an increase in hyperinsulinemia.50

High BMI is associated with EC,51–53 but it has a different

mechanism in two types of EC. Obesity is considered a risk factor but

in ESCC, it reduces the risk.54,55 According to studies, obesity can

increase the risk of EAC in two ways: First, obesity, especially

abdominal obesity, leads to an increase in the internal pressure of the

abdomen, and as a result, it leads to an increase in gastric reflux,

which is one of the main risk factors for EAC.56,57 Second, obesity

affects the growth of tumors with a specific mechanism such as

increasing the level of hormones such as IGF.58 However, obesity has

an inverse relationship with ESCC, so it reduces the risk of ESCC. The

reason for this phenomenon has not yet been determined, but it

seems that since smokers have a lower BMI and on the other hand,

one of the known risk factors for ESCC is smoking, this relationship

can be justified.

A high level of LDL cholesterol is one of the other factors

correlated to EC. Studies have shown that abnormal plasma lipid

levels are associated with an increased risk of cancers, especially

gastrointestinal cancers.59 Furthermore, several epidemiological

studies have shown an inverse relationship between plasma LDL

cholesterol and the risk of cancer‐related mortality.60–62 How-

ever, the results of a meta‐analysis of data from three trials did

not confirm any relationship between LDL cholesterol and

increased risk of cancer.63 Evidence shows that cancer cells need

higher amounts of cholesterol synthesis and mediators of the

cholesterol biosynthesis pathway to perform and maintain a high

level of proliferation, compared to normal body cells.64,65

However, further studies are needed to investigate this relation-

ship, and also to identify accurate biomarkers to improve

diagnostic methods and treat patients.

5 | CONCLUSION

The GBD 2019 data were used in the present study to provide the

most up‐to‐date information related to EC and some of its risk

factors. The results of this study showed significant gender and

geographic variation in the incidence, mortality, and burden of EC. It

is recommended to design and implement preventive approaches

based on known risk factors and improve quality and access to

efficient and appropriate treatments.

5.1 | Limitations

One of the limitations of this study was the nonuniformity of the

cancer registration system and data quality in different regions,

especially regions with lower SDI. As an example, the information

recorded in the African Sahara region had inappropriate quality in

GBD's opinion, and according to GBD's quality measurement

criteria, it has not received any stars. Also, among other

challenges of using GBD data, we can mention the delay in

accessing data, changes in the coding method, and other biases.

Finally, according to the mentioned considerations, the results

should be interpreted with caution.
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