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Abstract

Background: Esophageal cancer (EC) is the sixth leading cause of cancer-related burden with distinct regional variations
globally. Although the burden of EC has decreased, the specific reasons for this decline are still unclear.

Objective: Thisstudy aimsto uncover the spatiotemporal patterns of EC risk—attributable burden in 204 countries and territories
from 1990 to 2019 so that prevention and control strategies of EC can be prioritized worldwide.

Methods: We extracted EC risk—attributable deaths, disability-adjusted life years (DALY S), age-standardized mortality rates
(ASMRs), and age-standardized DALY rates (ASDRs) from the global burden of disease (GBD) study from 1990 to 2019, in
terms of behavioral, metabolic, and dietary factors by age, sex, and geographical location. Average annual percentage change
(AAPC) was used to assess the long-term trends in the ASMRs and ASDRs of EC due to specific risk factors.

Results: Between 1990 and 2019, the greatest decrease in EC burden was attributed to low intake of fruits and vegetables. An
AAPC of —2.96 (95% CI —3.28 t0 —2.63) and —3.12 (95% Cl —3.44 t0 —2.79) in ASMR and ASDR was attributable to a low-fruit
diet, while an AAPC of —3.60 (95% Cl —3.84 to —3.36) and —3.64 (95% CI —-3.92 t0 —3.35) in ASMR and ASDR was attributed
to alow-vegetable diet. However, thetrendsin ASMRs and ASDRs due to high BMI showed significant increaseswith an AAPC
of 0.52 (95% CI 0.29-0.75) in ASMR and 0.42 (95% CI 0.18-0.66) in ASDR from 1990 to 2019 compared to significant decreases
in other attributable risks with AAPC<0 (P<.05). East Asia had the largest decrease in EC burden due to low-vegetable diets,
with an AAPC of —11.00 (95% Cl —11.32 to —10.67) in ASMR and —11.81 (95% CI —12.21 to —11.41) in ASDR, followed by
Central Asia, whereas Western Sub-Saharan Africahad thelargest increasein ASMR and ASDR dueto high BMI, withan AAPC
of 3.28 (95% Cl 3.14-3.42) and 3.09 (95% CI 2.96-3.22), respectively. China had the highest EC burden attributed to smoking,
alcohol use, high BMI, and low-fruit diets. Between 1990 and 2019, there was a significant decrease in EC burden attributable
to smoking, a cohol use, chewing tobacco, low-fruit diets, and |ow-vegetable dietsin most countries, wherein asignificant increase
in the EC burden was due to high BMI.

Conclusions; Our study shows that smoking and alcohol consumption are still the leading risk factors of EC burden and that
EC burden attributable to low intake of fruits and vegetables has shown the largest decline recently. The risks of ASMRs and
ASDRs of EC showed distinct spatiotemporal patterns, and future studies should focus on the upward trend in the EC burden
attributed to high BMI.
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Introduction

In 2019, esophageal cancer (EC) wasthe sixth leading cause of
cancer deaths and disability-adjusted life years (DALY s), with
over 0.54 million deathsand 1.17 million DALY s, representing
50% of all cancersworldwide[1]. Early diagnosis and treatment
have been implemented to reduce EC incidence and mortality
rates and to improve survival ratesover years. However, patients
with EC dtill have low 5-year survival rates (about 30.3%) due
to unclear and nonspecific early clinical symptoms, and most
patients are diagnosed at an advanced stage [2]. Therefore, EC
isstill animportant public health and clinical challengefor early
diagnosis and prevention, especially in low-income countries.
Besides, EC burden greatly varies with geographical locations,
and the “EC belt” has substantially high EC incidence and
mortality rates worldwide [3]. The disparities in the burden of
cancer and the poor treatment outcomes across regions
worldwide are reflected in the Sustainable Development Goal
target 3.4 that focuses on reducing premature mortality from
noncommunicable diseases (eg, cancers) by one-third by
promoting mental health and well-being by 2030 through
prevention and treatment [4].

EC has 2 main histological subtypes, that is, esophageal
sqguamous cell carcinoma (ESCC) and esophageal
adenocarcinoma (EAC), which have analogous and distinct
etiologies with modifiable risk factors (eg, smoking, alcohol
use, obesity, diet) [5,6]. EC cases with over 85% ESCC
histological subtype cluster in low-income countries and has
recently shown asignificantly downward trend worldwide[7,8].
Previous studies have reported the epidemiological
characteristics of EC, such as incidence, mortality, and DALY
rates in several countries or regions over severa years[9,10].
Age-standardized incidence rates of EC in Chinahave declined
significantly from 1990 to 2019, and the decrease is more
pronounced among femal es than among males[11]. Moreover,
there are significant differencesin the risk factors between sexes
[11]. There was a significant male predominance in EC cases
with a male-to-female incidence ratio of 3.3:1 for ESCC and
6.7:1 for EAC [8]. Further, the interaction effect of sex and
smoking in ESCC has been reported in a cohort study with 13
years of median follow-up [12]. However, comprehensive
understanding of EC risk—attributable burden does not exist in
many countries, leading to a void in the up-to-date prevention
strategies and adjustment in the EC treatment research focus.
At thispoint, the latest changesin the specified risk-attributable
burden of EC should be scheduled at global, regional, and
national scales to elucidate the trend in EC cases that are
attributable to primary factors (eg, smoking, alcohol use,
metabolism, diet). Addressing the primary factors contributing
to EC burden can lead to advances in the prognosis and
treatment of EC in countries worldwide that require EC
prevention and control measures.

To date, the Global Burden of Disease (GBD) study has assessed
cancer burden by broadly considering the major modifiablerisk
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factors across countries, ages, and sexes worldwide over time.
To our knowledge, GBD is the only database that quantifies
and provides a comprehensive picture of the cancer burden
attributable to a set of risk factors through stringent quality
assurance procedures to model at different scales over time.
Further, GBD 2019 provides the latest information on each
risk-outcome pair for EC in 204 countries and territories and
its aggregation regions from 1990 to 2019, which enables the
evaluation of the risk-attributable burden for low-income
countries. Herein, we analyzed the spatiotemporal patterns in
the burden of EC attributable to specific behavioral, metabolic,
and dietary risk factors at global, regional, and national levels
over 3 decades, which can help policy makers implement
prevention measures and tackle the growing EC burden driven
by specific risk factors.

Methods

Data Source

We collected the annual number of EC (International
Classification of Diseases 10th revision code C15) deaths,
DALYs, age-standardized mortality rates (ASMRs), and
age-standardized DALY rates (ASDRs) related to
risk-attributable factors by sex and age at global, regional, and
national levelsfrom GBD 2019 estimations from 1990 to 2019.
Thedataincluded EC risk—attributable deaths, DALY s, ASMRSs,
and ASDRs in 204 countries and territories and were clustered
in 21 GBD regions according to geographical proximity and
economic similarities [13]. Subsequently, according to the
sociodemographic index (SDI) ranging from 0 to 1, 204
countries and territorieswere classified under 5 SDI levels: low
SDI (<0.45), low-middle SDI (=20.45 to <0.61), middle SDI
(=0.61 to <0.69), high-middle SDI (=0.69 to <0.80), and high
SDI (=0.80). The SDI is a composite indicator of a country’s
lag-distributed income per capita, average years of schooling
(aged >15 years), and fertility rate in females younger than 25
years[14].

Exposur e Selection and Definition

By reviewing previous literature and studies in terms of the
leading risk factors of EC burden, we targeted the EC burden
attributable to the most prominent risk factors, including
behavioral risk (ie, smoking, alcohol use, and chewing tobacco),
metabolic risk (ie, high BMI), and diet risk (ie, diet with less
vegetables and fruits) [15,16]. We focused on these leading
factors (established EC risk factorswith available datain GBD)
to analyzethe spatiotemporal patternsof EC burdenin different
regions in order to implement EC prevention and intervention
measures. In this study, smoking is defined as the prevalence
of current use of any smoked tobacco product and prevalence
of the former use of any smoked tobacco product. Alcohol use
is defined as the average daily acohol consumption of pure
alcohol (measured in grams per day) by current drinkers who
had consumed alcohol during the past 12 months. Chewing
tobacco is defined as the current use of any chewing tobacco
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product. High BMI is defined as BMI above the normal range

(18.5-24.9 kg/m?). Diet low in vegetables and fruits is defined
as the average daily consumption of vegetables and fruits
(measured in grams per day). These variables are
well-established risk factorsfor EC with available datain GBD
and whose detailed definitions and risk gradients for EC are
elaborated elsewhere[17]. Because EC incidence and mortality
have been hardly reported among individuals younger than 40
years [18], we considered 0-39 years old as one age group,
individuals aged 40-94 years as smaller subgroups each with
an agerange of 5 years, and >95 yearsold asthe last age group.

Statistical Analysis

Estimation of the EC Burden

Data on deaths, DALY's, ASMRs, and ASDRs were reported
with numbers and their 95% uncertainty intervals (Uls),
generating values at the 2.5th and 97.5th percentile from 1000
draws. The methodsfor the estimation of explaining uncertainty
in the risk-attributable burden have been described in detail
elsewhere [15]. Briefly, the GBD comparative risk assessment
was divided into 6 key processes for each risk-outcome
estimation. First, weidentified convincing or probable evidence
for causal association with EC based on systematic reviewsand
meta-regression. Second, we estimated the relative risks for
each risk-outcome pair as risk-attributable function of EC by
using GBD’s metaregression-Bayesian, regularized, and
trimmed method. Third, we analyzed the model risk exposure
level and distribution by age, sex, location, and year by using
Bayesian meta-regression modelling (DisMod-MR 2.1). Fourth,
we determined the theoretical minimum risk exposure level
based on a counterfactual scenario (agiven population receives
the optimal level of risk exposure) and the 85th percentile of
exposure in cohorts and trial studies. Fifth, we calculated the
population attributable fractions for each risk-outcome pair by
age, sex, location, and year. Sixth, we estimated the EC burden
attributableto specified risk factors, wherein deathsand DALY's
were multiplied by the corresponding risk factor population
attributable fraction [19,20].

Analysis of the Time Trends of EC Burden

An average annua percentage change (AAPC) was used to
estimate the long-term trendsin ASMR and ASDR in EC cases
attributable to each risk factor from 1990 to 2019. In this study,
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AAPC was widely used to analyze a summary measure of time
trend over an entire period, which wasfitted in aregression by
the natural logarithm of the ASMR and ASDR from 1990 to
2019, that is, y = a+Px+ , wherey =In (ASMR or ASDR) and
x = caendar year. The AAPC was calculated as 100 x
(exp(B)-1), and its 95% CI can also be obtained from the fitted
regression model. The time trend of ASMR or ASDR was
defined as a significant increase if AAPC>0 and its lower
boundary of 95% CI>0 (P<.05). Inversely, the time trend of
ASMR or ASDR was defined as a significant decrease if the
AAPC<0 and its upper boundary of 95% CI<0 (P<.05).
Otherwise, it was not a significant trend over time. In addition,
we assessed the time trends of ASMR and ASDR attributable
to each specific risk factor for EC by age group and sex at
regional, SDI, and national levels from 1990 to 2019. These
dtatistical analyseswere conducted using Joinpoint trend analysis
software (version 4.9.1.0; Statistical Methodology and
Applications Branch), and corresponding geographical patterns
were presented by ArcGIS10.6 (ESRI). A P valuelessthan .05
was considered statistically significant.

Ethical Consider ations

This study did not involve human participants and animals.
Ethics approval was not applicable for this study, as this study
used existing good quality modeled data that were aggregated
at the population level.

Results

Global Trendsin EC Risk—Attributable Burden

As Table 1 shows, athough the total number of EC
risk—attributable deaths and DALY s globally increased in both
sexes combined between 1990 and 2019, the corresponding
ASMRs and ASDRs decreased. The deaths attributable to
smoking increased from 134,682 (95% Ul 105,311-152,927)
in 1990 to 203,328 (95% Ul 170,461-236,522) in 2019, while
the corresponding ASMR decreased from 3.42 (95% UI
2.69-3.86) per 100,000 people in 1990 to 2.48 (95% UI
2.08-2.89) per 100,000 peoplein 2019. The DALY sand ASDRs
attributable to smoking followed a similar pattern during the
same period. Besides, in 2019, the higher global EC burden was
attributable to specifically behavioral, metabolic, and dietary
factors among males (Table 1).
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Table 1. Global burden of esophageal cancer attributable to behavioral, metabolic, and diet factorsin 1990 and 2019.
Risk 1990 2019
factor
Desth (persons,  Ag\IRP Death (persons, ASMR ASDR (95%
95% U113 (95% Ul) DALY (95% UlI) ASDRd(95%UI) 95% Ul) (95% Ul) DALY (95% UlI) ul)
Smoking

ge 134,682 3.42(2.69- 3,475,304 84.38 (65.34- 203,328 2.48 (2.08- 4,746,524 56.71 (47.57-
(105,311- 3.86) (2,674,422- 96.30) (170,462- 2.89) (3,983,523- 66.14)
152,927) 3,967,053) 236,512) 5,544,229)

M 120,286 6.70 (5.22- 3,160,591 162.14 (123.89- 187,234 495 (4.12- 4,425,432 111.18(92.75-
(92,296- 7.62) (2,404,539- 186.04) (156,028- 5.78) (3,688,962- 130.29)
137,575) 3,635,360) 219,347) 5,188,276)

9 14,396(11,141- 0.69(0.53- 314,713 (242,655 14.73(11.41- 16,094 (12,861- 0.37 (0.29- 321,092 (260,159- 7.33(5.94-
17,351) 0.83) 382,305) 17.87) 19,289) 0.44) 383,914) 8.76)

Alcohol use

B 65,669(47,318- 1.64(1.19- 1,792,113 42.97 (30.73- 113,600 1.38(1.02- 2,818,188 33.55 (25.09-

84,125) 2.11) (1,277,343- 54.66) (84,063- 1.76) (2,109,628- 42.54)
2,281,636) 144,686) 3,573,631)

M 58,665(41,912- 3.17(2.30- 1,628,732 81.57 (58.12- 103,883 2.71(2.01- 2,609,021 64.84 (48.32-

74,762) 4,04) (1,160,091- 103.62) (77,092- 3.46) (1,943,902- 82.39)
2,068,043) 132,860) 3,312,769)

F 7004 (4724- 0.34(0.23- 163,381 (110,272- 7.62(5.15-10.61) 9718 (6701- 0.22(0.15- 209,167 (145,394- 4.80(3.33-

9732) 0.47) 227,901) 13,143) 0.30) 281,635) 6.46)
Chewing tobacco

B 9398 (6604- 0.24(0.17- 261,073 (182,523 6.25(4.38-8.40) 18,277 (12,696- 0.22(0.15- 475,862 (327,634- 5.66 (3.91-
12,589) 0.31) 351,920) 24,652) 0.30) 643,826) 7.66)

M 6463 (4059- 0.35(0.22- 184,101 (115,166- 9.16(5.75-13.08) 12,277 (7441- 0.32(0.19- 330,479 (200,616- 8.14 (4.94-
9238) 0.50) 263,107) 17,718) 0.46) 476,315) 11.74)

F 2935 (1797- 0.14 (0.08- 76,972 (46,998- 3.57(2.18-5.38) 6000 (3649- 0.14 (0.08- 145,383(88,251-  3.34(2.03-
4434) 0.21) 116,401) 8965) 0.21) 216,523) 4.99)

High BMI

B 35283(10,182- 0.90(0.26- 917,929 (256,226- 22.26 (6.29- 89,904 (27,879- 1.09 (0.34- 2,202,314 26.27 (8.12-

75,927) 1.97) 1,976,144) 47.89) 171,255) 2.10) (681,901- 49.89)
4,173,080)

M 23,273(3778- 1.28(0.21- 634,186 (103,387- 32.05 (5.21- 65,511 (12,587- 1.71(0.33- 1,653,597 41.06 (7.95

54,281) 2.99) 1,476,891) 74.68) 135,689) 3.54) (320,884- 85.11)
3,422,784)

F 12,010 (640- 0.58(0.03- 283,743 (15,239- 13.20(0.71- 24,393 (1296- 0.56 (0.03- 548,718 (29,096- 12.59 (0.67-

30,139) 1.44) 714,960) 33.16) 53,852) 1.23) 1,198,556) 27.51)
Diet low in fruits

B 51,867(17,816- 1.32(0.45- 1,358,518 32.83 (11.40- 51,210(15,227- 0.63(0.19- 1,249,775 14.96 (4.60-

92,689) 2.37) (473,229- 57.97) 108,734) 1.33) (384,470- 31.05)
2,387,195) 2,595,057)

M 33,861(11,023- 1.86(0.60- 924,139 (307,556- 46.68 (15.36- 35,701(10,018- 0.94 (0.26- 892,474 (262,854~ 22.31 (6.49-
61,135) 3.39) 1,665,445) 83.83) 78,761) 2.09) 1,927,948) 48.36)

F 18,006 (6627- 0.86(0.31- 434,380 (160,567- 20.12 (7.43- 15,509 (5185~ 0.35(0.12- 357,301 (128,558- 8.23(2.98-
32,143) 1.53) 761,632) 35.37) 30,419) 0.70) 668,342) 15.36)

Diet low in vegetables

B 21,591(2291- 0.55(0.06- 550,996 (57,581- 13.41 (1.41- 17,176 (2549-  0.21(0.03- 420,309 (64,154- 5.03(0.77-
44,769) 1.15) 1,145,982) 27.88) 33,958) 0.42) 827,694) 9.91)

M 14,339 (1421- 0.80(0.08- 379,595 (37,236-  19.45 (1.92- 11,573 (1709- 0.31(0.04- 288,897 (43,912- 7.23(1.09-
29,787) 1.67) 789,676) 40.34) 23,211) 0.62) 575,697) 14.42)

F 7252 (797- 0.35(0.04- 171,401(19,849- 7.96(0.92-16.31) 5603 (868- 0.13(0.02- 131,412(20,890- 3.03(0.48-
14,894) 0.71) 350,757) 10,917) 0.25) 258,144) 5.95)
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8U1: uncertainty interval.
BASMR: age-standardized mortality rate per 100,000 people.
CDALY: disability-adjusted life year of persons.
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4ASDR: age-standardized disability-adjusted life year rate per 100,000 people.

©B: both male and female.
fm: male.
9F: female.

Behavioral risks include smoking, alcohol use, and chewing
tobacco; metabolic risksinclude high BMI; and diet risksinclude
diets low in fruits and vegetables. Figure 1 shows the changes
in EC ASMR and ASDR by specific risk factors for both sexes
combined from 1990 to 2019. Globally, smoking and alcohol
use weretheleading risk factorsfor EC burden, which declined
significantly in the past 3 decades. The ASMRs attributable to

diets low in fruits and vegetables had the most significant
decrease, falling from the third and fifth positions in 1990 to
the fourth and sixth positions in 2019, respectively. However,
EC burden related to high BMI ranked third during this period.
Notably, although the ranks of ASMR and ASDR attributable
to chewing tobacco increased, the burden of EC attributed to
chewing tobacco declined significantly (P<.05).

Figure 1. The changesin esophageal cancer (A) age-standardized mortality rate and (B) age-standardized disability-adjusted life year rate attributable
to specific risk factorsfor both sexes combined in 1990-2019 globally. Dashed linesindicate decrease in rank. Solid lines indicate increase or no change
inrank. Datain parentheses are 95% Cls. AAPC: average annual percentage change; ASDR: age-standardized disability-adjusted life year rate; ASMR:

age-standardized mortality rate.
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Global Trendsin EC Risk—Attributable Burden by
Age Groups

Figure 2 shows that smoking-related ASMRs and ASDRs
declined in each age group except for the 85-89 years age group,
with the highest decrease noted in the 40-44 years age group.
Similarly, alcohol-related ASMR and ASDR declined in the
40-44 years age group, while it increased in the >80 years age

https://publichealth.jmir.org/2023/1/e46051
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group and peaked in the 85-89 years age group. The ASMRs
and ASDRs attributable to diets low in fruits and vegetables
declined in all age groups, but that attributable to high BMI
increased in most age groups outside the subgroups within the
age range of 40-54 years significantly (P<.05). The AAPCs of
ASMR and ASDR for males and females are presented in
Figures S1-S2 of Multimedia Appendix 1.
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Figure 2. The average annua percentage change of (A) age-standardized mortality rate and (B) age-standardized disability-adjusted life year rate for
both sexes combined by age groupsin 1990-2019 globally. AAPC: average annual percentage change; ASDR: age-standardized disability-adjusted life

year rate; ASMR: age-standardized mortality rate.
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Regional and SDI Trendsin EC Risk—Attributable
Burden

As Figure 3 shows, there were significant downward trends in
risk-attributable ASMRs and ASDRs in most regions with
AAPC<0 compared to significant increasesin high BMI—elated
ASMRs and ASDRs (P<.05). The EC burden attributable to
each risk factor increased in Western Sub-Saharan Africa, while
it declined significantly in Central Asia, Central Latin America,
Eastern Europe, high-income Asia—Pacific, and Southern Latin
America(P<.05). Among therisk factors, dietslow in vegetables
caused the most decline in the EC burden in East Asia and
Central Asia, while high BMI caused the most increase in the
ASMRs and ASDRsin Western Sub-Saharan Africa. Southern
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Diet low in vegetables ® Diet low in fruits

Sub-Saharan Africaand Central Asiashowed the highest decline
in smoking-related and al cohol use—related ASMRsand ASDRS,
respectively. Figure 3 shows that the most dramatic decrease
in EC burden was ascribed to low-vegetable dietsin countries
with middle SDI, followed by countries with high-middlie SDI.
In contrast, countries with low-middle SDI showed a sharp
increase in EC burden, which is attributable to high BMI. In
addition, Figures S1-S2 of Multimedia Appendix 1 show the
changes in ASMRs and ASDRs attributable to risk factors
among males and femalesin 21 GBD regionsand 5 SDI levels.
Table S1 of Multimedia Appendix 1 shows that the
preponderance of EC burden for both sexes combined, in terms
of the number of deaths and DALY, were attributable to
smoking, acohol use, high BMI, and low-fruit diets in East
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Asia, while the highest number of deaths and DALYs Multimedia Appendix 1 shows distinct differences and risk
attributableto chewing tobacco and low-vegetabledietsoccurred  gradients of ASMRsand ASDRsin 21 GBD regionsand 5 SDI
in South Asiain 2019 (Multimedia Appendix 1). Table S2in levels.

Figure 3. The average annual percentage change for esophageal cancer risk—attributable age-standardized mortality rate and age-standardized
disability-adjusted life year ratein 21 global burden of disease regions classified by 5 sociodemographic index levelsfor both sexesin 1990-2019. Dark
green indicates the highest decline in the average annual percentage change, dark red indicates the highest increase in the average annual percentage
change, and grey indicates no significant average annual percentage change. AAPC: average annual percentage change; ASDR: age-standardized

disability-adjusted life year rate; ASMR: age-standardized mortality rate; SDI: sociodemographic index.
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National Trendsin EC Risk—Attributable Burden

Figure 4 shows the trends in risk-attributable ASMR in both
sexes combined in 204 countries and territories from 1990 to
2019. There was a significant downward trend in ASMRs
attributable to smoking, acohol use, chewing tobacco,
low-vegetable diets, and low-fruit diets in 136 (66.7%), 93
(45.6%), 118 (57.8%), 141 (69.1%), and 137 (67.2%) countries
of al the 204 countries and territories, respectively. In contrast,
asignificantly upward trend in ASMR attributable to high BMI
was observed in 139 (68.1%) countries and territories.
Turkmenistan showed the highest declinein ASMRs attributable
to smoking (AAPC=-5.21, 95% Cl —5.99 to —4.42), high BMI
(AAPC=-3.21, 95% ClI —4.03 to —2.39), chewing tobacco
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RenderX

(AAPC=-4.77,95% Cl -5.51 t0 —4.03), and low-vegetable diets
(AAPC=-13.67, 95% Cl —14.69 to —12.64), while the highest
decline in ASMR attributable to acohol use (AAPC=-8.02,
95% CI —10.94 to -5.00) and low-fruit diets (AAPC=-7.99,
95% Cl —8.63 to —7.34) occurred in Sudan and Albania. Sdo
Tomé, Principe, and Northern Marianahad the highest increase
in ASMR attributable to smoking (AAPC=3.40, 95% ClI
3.17-3.62) and chewing tobacco (AAPC=3.58, 95% CI
3.08-4.08). Besides, Vietham had the highest increasein ASMR
attributableto alcohol use (AAPC=8.61, 95% CI 7.77-9.45) and
high BMI (AAPC=5.94, 95% Cl 5.55-6.34), but United Arab
Emirates had the highest increase in ASMR attributable to
low-vegetable diets (AAPC=11.01, 95% Cl 9.47-12.56) and
low-fruit diets (AAPC=5.10, 95% CI 4.50-5.72).
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Figure4. The average annual percentage change of esophageal cancer age-standardized mortality rate attributable to specific risk factorsfor both sexes

combined in 204 countries and territories from 1990 to 2019.
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AsFigure 5 shows, from 1990 to 2019, significant decreasesin
ASDR attributable to smoking, alcohol use, chewing tobacco,
low-vegetable diets, and low-fruit diets were found in 143
(70.1%), 96 (47.1%), 116 (56.9%), 145 (71.1%), and 143
(70.1%) countries of the 204 countries and territories, while
124 (60.7%) countries and territories experienced significant
increasesin ASDR attributable to high BMI. During this period,
Turkmenistan had the highest decrease in ASDR attributable
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to smoking (AAPC=-5.31, 95% CI -6.09 to —4.53) and
low-vegetable diets (AAPC=-14.49, 95% Cl —15.66 t0—13.31),
while Uzbekistan had the highest decreasein ASDR attributable
to chewing tobacco (AAPC=-4.97, 95% CI -5.48 to —4.26) and
highBMI (AAPC=-3.37, 95% CI —3.89 t0—2.84). The changes
in the risk-attributable burden in other countries and territories
are presented in Figure 5.
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Figure 5. The average annual percentage change of esophagea cancer age-standardized disability-adjusted life year rate attributable to specific risk
factors for both sexes combined in 204 countries and territories from 1990 to 2019.
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AsTable S3 of Multimedia Appendix 1 shows, globally in 2019,
China was the worst affected country with the highest number
of EC deaths and DALY s attributable to smoking, alcohol use,
high BMI, and low-fruit diets due to its large population and
aging, accounting for about 50% of the total number of EC
deaths and DALY's. China was followed by India, which had
the highest number of EC-related deaths and DALY sattributable
to chewing tobacco and low-vegetable diets.

Discussion

Principal Findings

This study uses the latest GBD 2019 data to anayze the
spatiotemporal patterns in the burden of EC attributable to
specific risk factors from 1990 to 2019, and our results show
that the burden of EC varied with different risk factors at
regional and national levels, among which EC disparities had
different gradients of risk factors during this period. EC
risk—attributable burden declined in most regions, countries,
and territories, except for the increasing burden of EC attributed
to high BMI. Our findings may be useful for the prognosis and
treatment of EC by identifying the burden of modifiable risk
factors worldwide for making clinical decisions about the risk
attribution, stratification, and prevention.

Although the past 3 decades have witnessed a significant
decreasein smoking-related EC burden, smoking still dominates
among the risk-attributable factors. Moreover, the risk rank of
EC burden attributable to chewing tobacco increased by 1
gradient from 1990 to 2019. The DALY of EC is estimated to
be driven by tobacco smoking and chewing tobacco worldwide
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[10]. Compared with those in 1990, EC deaths and DALY's
reduced by 55.9% and 42.1% in 2019, respectively, along with
the corresponding ASMRs and ASDRs that annually declined
by —1.18% and —1.41%, respectively, of which smoking resulted
in 40.6% deaths[21]. Between 1990 and 2019, thetrendsin EC
burden attributable to smoking largely varied across
geographical locations, and there was a significant decrease
mostly in regions outside the Caribbean and Western
Sub-Saharan Africa. In 2003, the World Health Organization
issued the “Framework Convention on Tobacco Control,” in
which 168 countries joined this action and further worked out
their own tobacco control strategies. EC deaths attributable to
smoking continue to decrease with the reduction of smoking
prevalencein high-income countries, paralleling with adecrease
of 32.2% for males and 28.8% for femal es in age-standardized
preval ence of smoking since 1990 [22,23]. Therefore, reducing
smoking prevalence is an effective way to mitigate the EC
burden.

Alcohol consumption still remainsthe second |leading risk factor
for EC burden from 1990 to 2019. The clear differencesin EC
burden over time attributable to alcohol use in GBD regions,
asshownin our study, providesthe most up-to-date information
on the trends in EC risk—attributable burden. Approximately
22.6% of the deaths and 33.8% DALY sin EC are attributed to
alcohol use worldwide [10,22]. Although alcohol-related EC
deaths and DALY s increased by 13.1% and 8.3%, the change
in the percentage of alcohol-related EC deaths and DALY's
reduced by 14.4% and 17.1% from 1990 to 2017 [10,24]. The
EC burden attributable to alcohol use declined in most regions
(eg, Eastern Europe) concomitantly with the decreasein a cohol
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per capita consumption (from 11.2 L per capitato 9.8 L per
capita) [25,26]. In contrast, asignificant increase in EC burden
related to alcohol use was observed in Southeast Asia, South
Asia, Western Sub-Saharan Africa, and North America, largely
because al cohol per capita consumption was high from 1990 to
2017 and is expected to remain high till 2030 [27-29]. For
example, alcohol per capita consumption increased by 34% in
Southeast Asia, ranging from 3.5 L per capitain 2010to 4.7 L
per capitain 2017 [27]. Thus, alcohol-related EC burden largely
varies across geographical locations, and this variation should
be carefully analyzed in the future.

The EC burden attributable to high BMI, in comparison with
other risk factors, increased in most regions. Thisis consistent
with therising incidence of high BMI reported acrosstheworld,
which hasincreased from 1975 to 2016 by nearly 12% for males,
24% for females, and 40% for both sexes combined [30].
Geographica differences in EC burden related to high BMI
followed ageographical pattern of increasing obesity prevalence,
with the largest absolute increase in high-income western
countries, Central Asia, Middle East, and North Africa, and
with the most relative increase in East and South-Eastern Asia
[31]. However, previous studies have indicated that high BMI
(or obesity) was adriver for EAC and not for ESCC [23]. This
study also found that the geographical pattern of EC burden
related to high BMI with AAPC>3 was generally consistent
with that of EAC [32,33]. The dlightly increased burden of EC
attributable to high BMI, especially in typical ESCC high-risk
regions such as China, suggest that EAC may show an upward
trend due to increased prevalence of high BMI.

Consistent with that reported in previous studies [21,34], the
burden of EC attributable to low-fruit and low-vegetable diets
declined significantly, even if it remained stable or increased
dightly in some regions. This aligns with the globally low
consumption of fruits by 16.58% and vegetables by 25.60%
from 1990 to 2017 [34,35]. The high dietary fibers of vegetables
and fruits show a protective effect by generating inositol
hexaphosphate to curb the growth rate of EC cells by reducing
cellular proliferation and stimulating apoptosis [36]. Another
plausible explanation is that high dietary fibers in vegetables
and fruits decrease the levels of systemic inflammation factors
such as tumor necrosis factor-a receptor-2 and interleukin-6,
which may cause carcinogenesis [37]. The largest decrease in
EC burden attributable to low intake of fruits and vegetables
occurred in East Asia because of higher incomes and better
health care. However, an upward trend in EC burden associated
with low intake of vegetables occurred in North America and
that associated with low intake of fruits occurred in Western
Sub-Saharan Africa. In light of these variations, policy makers
in each country should tailor related measures to promote
well-balanced diets according to the local risk factors.

Risk Exposure of EC burden Among Sexes and Age
Groups

In terms of the spatiotemporal pattern in the risk exposure of
EC burden, important differences in the EC burden between
sexes and age groupsin different | ocations should be mentioned.
Thetimetrend in EC burden attributed to smoking and chewing
tobacco among sexes and age groups followed asimilar pattern
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with a significant decrease, but the gradient showed a distinct
difference among locations. This is possibly caused by the
reduction of smoking prevalence in different regions, wherein
males in 135 countries and females in 68 countries showed a
prominent decrease in smoking prevalence [22]. Similarly, the
greater decreases in EC burden due to acohol use among
females and in the 40-44 years age group indicate that
interventions should target males and >45-year-old popul ations.
Besides, the time trends of the EC burden attributable to high
BMI for males and females did not follow the same
pattern—with an increasing AAPC for males and a decreasing
AAPC for females within the 40-64 years old subgroups. A
previous study documented that high BMI resulted in ASDR
increase of 12.7% for males and 26.8% for femal es, accounting
for nearly 20% of the EC burden [38]. In the past decades, the
prevalence of obesity increased by quadruplein men and more
than doublein women, and thetime trend of ASMR attributable
to high BMI showed asignificant upward trend in 170 countries
and territories, a downward trend only in 8 countries and
territories, and a stable trend in 26 countries and territories
[31,39]. The reason for this phenomenon is not completely
understood, but the global prevalence of high BMI and obesity
as well as deaths and DALY-related overweight are observed
to be parallel with our findings across age groups, implying that
sex differences in the prevalence of high BMI and obesity in
the age groups are a potential risk factor [38,40]. Accordingly,
the sex differencesin EC burden related to high BMI should be
addressed by ad hoc strategies, which are imperative for
implementing regulations and policies targeting specific
disorders.

Public Health Implications

Our findings provide important evidence for tailored,
country-specific policy development and inventions to address
the geographical disparities in the EC burden, which can be
used by governments at the national level to meet the challenges
of the substantial burden of EC and devel op strategies based on
the priority of specific risk-attributable EC burden. Strategies
such as behavioral and metabolic modifications (including
smoking control, alcohol control policiesand regulations, weight
management tips) and access to abundant fruits and vegetables
are imperative to face the challenges of EC. In light of the
increase in EC burden related to high BMI in most countries,
we recommend that public health policy makers and decision
makers should prioritize their agenda by designing and
implementing ad hoc effective policies to restrain the upward
momentum of EAC. Moreover, encouraging balanced dietsand
reducing alcohol consumption and tobacco should constitute
the essential component of EC prevention strategies. Educating
the general public regarding risk factor modification isurgently
needed in countries with heavy EC burden. Although it is not
clear how diet influences EC devel opment and progression, our
study shows that EC burden attributable to low intake of fruits
and vegetables has decreased significantly.

Strengths and Limitations

This study provides a comprehensive spatiotemporal analysis
of the EC burden attributable to specific risk factors, thereby
becoming a potential reference for developing interventions
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that address similar health problems by identifying the most
prominent risk factor and monitoring the effectiveness of the
change of risk-attributable burden of EC over time. Further
studies are required to conduct early interventions targeting
behavioral and metabolic risk factors of individuals based on
our findings. Moreover, the accelerating growth of EC burden
related to high BMI alerts us to prevent and curb this issue as
early as possible. We hope these limitations can be solved in
the future. The 2 distinct histological subtypes of EC, that is,
ESCC and EAC, have completely different risk factors, trends,
and geographical patterns, but data on ESCC and EAC are
unavailable in GBD. Thus, we did not analyze the changes of
EC burden attributableto risk factors by subtype. Second, some
countries had no EC data because of the lack of registries, or
even if they had datain several registries that did not cover the
whole country and territory, the estimates were obtained by
modelling. The EC data in countries without cancer registries
were modeled, but the model did not solve the geographical
approximates of EC, because the distribution of EC showed
clear clusters. Third, we did not analyze the spatiotemporal
changes of EC burden attributable to other risk factors such as
consumption of hot meals, eating red or processed meat, physical
activity, and infectious agents, because GBD has no data on
these variables. This may overestimate the burden of EC
attributable to the included risk factors in this study. Fourth,
this study did not capture the potential synergy effects between
risk factorsin which some combinations might be multiplicative.
For somerisk factors such as behavior and diet, the joint effect
of smoking and acohol use on the burden of EC is very
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important for framing public policy. Further, more detailed
work is needed to strengthen the evidence base for understanding
the mediation effects of sex, age, and geographical locationson
the risk-attributable burden of EC.

Conclusion

This study analyzes the spatiotemporal patterns in the
risk-attributable burden of EC over the past 3 decades,
suggesting that smoking and alcohol use remained the dominant
risk factors and drive the burden of EC compared with other
risk-outcome pairs. The EC burden caused by smoking, alcohol
use, chewing tobacco, low-fruit diets, and low-vegetable diets
has decreased over the last 3 decades, but the EC burden
attributableto high BMI hasincreased significantly. In addition,
changesin the burden of EC dueto modifiablerisk factorsvaried
widely across regions, with the largest decrease in EC burden
in East Asia, especially in China. Although the exact reasons
for the marked geographical differencesare still unclear, alarge
number of epidemiological studiesare ongoing toyield valuable
findings. Our findingstargeted specific risk factors of EC burden
at different geographical scalesto elucidate the key modifiable
risk factors for the prevention and control of EC in line with
achieving thetarget 3.4 of the Sustainable Devel opment Goals.
Further, understanding the epidemiological trend and risk factor
stratification of EC are the key pathways for public health and
clinical decisions regarding risk stratification, screening, and
prevention. These results might be conducive for identifying
the leading modifiable risk factors for countries that might not
have previous local research on EC burden and risk factor
exposure.

We greatly appreciate the works of the Globa Burden of Disease Study 2019 collaborators and thank all the researchers and
collaborators who were involved in this study for their efforts and contribution. This work was funded by the Shanxi Provincial
Administration of Traditional Chinese Medicine, Esophageal Cancer Comprehensive Treatment and Accelerated Recovery
Innovation Team (grant 2022-SL RH-L J-009), and the National Youth Science Foundation (grant 82102976).

Data Availability

Publicly available data setswere analyzed in this study. The processed data sets and statistical methodsin the analysisare available
from the corresponding author upon reasonabl e request.

Authors Contributions

PL and GZ designed the study. PL drafted and revised the manuscript. JJ and WL collected and cleaned the data. JW checked
the accuracy of data and prepared the tables. XQ performed statistical analysis. All authors reviewed the manuscript.
Conflicts of Interest

None declared.

Multimedia Appendix 1

Supplementary data.
[PDF File (Adobe PDF File), 3206 KB-Multimedia Appendix 1]

References

1. LiY,XuJ GuY, Sun X, Dong H, Chen C. The disease and economic burdens of esophageal cancer in Chinafrom 2013
to 2030: dynamic cohort modeling study. JMIR Public Health Surveill 2022 Mar 02;8(3):€33191-e33202 [FREE Full text]

[doi: 10.2196/33191] [Medline: 34963658]

https://publichealth.jmir.org/2023/1/e46051 JMIR Public Health Surveill 2023 | vol. 9 | e46051 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v9i1e46051_app1.pdf&filename=c03fe31adb64f18abc9052440e7b6fbc.pdf
https://jmir.org/api/download?alt_name=publichealth_v9i1e46051_app1.pdf&filename=c03fe31adb64f18abc9052440e7b6fbc.pdf
https://publichealth.jmir.org/2022/3/e33191/
http://dx.doi.org/10.2196/33191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34963658&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietd

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

AnL, Zheng R, Zeng H, Zhang S, Chen R, Wang S, et a. The survival of esophageal cancer by subtype in Chinawith
comparison to the United States. Int J Cancer 2023 Jan 15;152(2):151-161 [doi: 10.1002/ijc.34232] [Medline: 35913753]
Grille VJ, Campbell S, Gibbs JF, Bauer TL. Esophageal cancer: the rise of adenocarcinoma over squamous cell carcinoma
in the Asian belt. J Gastrointest Oncol 2021 Jul;12(Suppl 2):S339-S349 [FREE Full text] [doi: 10.21037/jgo-2019-qi-08]
[Medline: 34422398]

GBD 2019 Colorectal Cancer Collaborators. Global, regional, and national burden of colorectal cancer and itsrisk factors,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Gastroenterol Hepatol 2022

Jul; 7(7):627-647 [FREE Full text] [doi: 10.1016/S2468-1253(22)00044-9] [Medline: 35397795]

Ho ALK, Smyth EC. A global perspective on oesophageal cancer: two diseases in one. The Lancet Gastroenterology &
Hepatology 2020 Jun;5(6):521-522 [doi: 10.1016/s2468-1253(20)30047-9] [Medline: 32246940]

HanY, Zhu X, Hu Y, Yu C, Guo Y, Hang D, et al. Electronic health record-based absolute risk prediction model for
esophageal cancer in the Chinese population: model development and external validation. IMIR Public Health Surveill
2023 Mar 15;9:e43725 [FREE Full text] [doi: 10.2196/43725] [Medline: 36781293]

Malhotra GK, YanalaU, Ravipati A, Follet M, Vijayakumar M, Are C. Global trends in esophageal cancer. J Surg Oncol
2017 Apr;115(5):564-579 [doi: 10.1002/j50.24592] [Medline: 28320055]

Wang S, Zheng R, Arnold M, Abnet C, Zeng H, Zhang S, et a. Global and national trends in the age-specific sex ratio of
esophageal cancer and gastric cancer by subtype. Int J Cancer 2022 Nov 01;151(9):1447-1461 [EREE Full text] [doi:
10.1002/ijc.34158] [Medline: 35678331]

Huang J, Koulaouzidis A, Marlicz W, Lok V, Chu C, Ngai CH, et a. Global burden, risk factors, and trends of esophageal
cancer: an analysis of cancer registries from 48 countries. Cancers (Basel) 2021 Jan 05;13(1):141-156 [FREE Full text]
[doi: 10.3390/cancers13010141] [Medline: 33466239]

GBD 2017 Oesophageal Cancer Collaborators. The global, regional, and national burden of oesophageal cancer and its
attributable risk factorsin 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet Gastroenterol Hepatol 2020 Jun;5(6):582-597 [FREE Full text] [doi: 10.1016/S2468-1253(20)30007-8]
[Medline: 32246941]

Li S, Chen H, Man J, Zhang T, Yin X, He Q, et al. Changing trends in the disease burden of esophageal cancer in China
from 1990 to 2017 and its predicted level in 25 years. Cancer Med 2021 Mar;10(5):1889-1899 [FREE Full text] [doi:
10.1002/cam4.3775] [Medline: 33586344]

Soroush A, Malekzadeh R, Roshandel G, KhoshniaM, Poustchi H, Kamangar F, et a. Sex and smoking differencesin the
association between gastroesophageal reflux and risk of esophageal squamous cell carcinomain a high-incidence area:
Golestan Cohort Study. Int J Cancer 2023 Mar 15;152(6):1137-1149 [doi: 10.1002/ijc.34313] [Medline: 36214797]
Results of global burden of disease, injuries, and risk factors study. Institute for Health Metricsand Evaluation. URL: https:/
/vizhub.healthdata.org/ghd-results [accessed 2022-10-22]

GBD 2019 Diseases Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: asystematic analysisfor the Global Burden of Disease Study 2019. Lancet 2020 Oct 17;396(10258):1204-1222
[FREE Full text] [doi: 10.1016/S0140-6736(20)30925-9] [Medline: 33069326]

GBD 2019 Cancer Risk Factors Collaborators. The global burden of cancer attributableto risk factors, 2010-19: asystematic
analysis for the Global Burden of Disease Study 2019. Lancet 2022 Aug 20;400(10352):563-591 [FREE Full text] [doi:
10.1016/S0140-6736(22)01438-6] [Medline: 35988567]

Domper Arnal MJ, Ferrandez Arenas A, Lanas Arbeloa A. Esophageal cancer: risk factors, screening and endoscopic
treatment in Western and Eastern countries. World J Gastroenterol 2015 Jul 14;21(26):7933-7943 [EREE Full text] [doi:
10.3748/wj0.v21.i26.7933] [Medline: 26185366]

GBD 2017 Risk Factor Collaborators. Glabal, regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018 Nov 10;392(10159):1923-1994 [ FREE Fulll
text] [doi: 10.1016/S0140-6736(18)32225-6] [Medline: 30496105]

Li R JngJ Li R, GeM, JaP, HuW, et al. Upper gastrointestinal cancer in China: spatial epidemiologic evidence from
screening areas. Cancer Prev Res (Phila) 2020 Nov;13(11):935-946 [doi: 10.1158/1940-6207.CAPR-20-0139] [Medline:
32655009]

GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factorsin 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020 Oct 17;396(10258):1223-1249 [ FREE Full
text] [doi: 10.1016/S0140-6736(20)30752-2] [Medline: 33069327]

Foreman K J, Lozano R, Lopez AD, Murray CJ. Modeling causes of death: an integrated approach using CODEm. Popul
Health Metr 2012 Jan 06;10:1 [FREE Full text] [doi: 10.1186/1478-7954-10-1] [Medline: 22226226]

Ca Y, Lin J, Wei W, Chen B, Yao K. Burden of esophageal cancer and its attributable risk factors in 204 countries and
territories from 1990 to 2019. Front Public Health 2022;10:952087 [FREE Full text] [doi: 10.3389/f pubh.2022.952087]
[Medline: 36148334]

GBD 2019 Tobacco Collaborators. Spatial, temporal, and demographic patterns 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

https://publichealth.jmir.org/2023/1/e46051 JMIR Public Health Surveill 2023 | vol. 9 | e46051 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1002/ijc.34232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35913753&dopt=Abstract
https://doi.org/10.21037/jgo-2019-gi-08
http://dx.doi.org/10.21037/jgo-2019-gi-08
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34422398&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-1253(22)00044-9
http://dx.doi.org/10.1016/S2468-1253(22)00044-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35397795&dopt=Abstract
http://dx.doi.org/10.1016/s2468-1253(20)30047-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32246940&dopt=Abstract
https://publichealth.jmir.org/2023//e43725/
http://dx.doi.org/10.2196/43725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36781293&dopt=Abstract
http://dx.doi.org/10.1002/jso.24592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28320055&dopt=Abstract
https://europepmc.org/abstract/MED/35678331
http://dx.doi.org/10.1002/ijc.34158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35678331&dopt=Abstract
https://www.mdpi.com/resolver?pii=cancers13010141
http://dx.doi.org/10.3390/cancers13010141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33466239&dopt=Abstract
https://air.unimi.it/handle/2434/729170
http://dx.doi.org/10.1016/S2468-1253(20)30007-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32246941&dopt=Abstract
https://europepmc.org/abstract/MED/33586344
http://dx.doi.org/10.1002/cam4.3775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33586344&dopt=Abstract
http://dx.doi.org/10.1002/ijc.34313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36214797&dopt=Abstract
https://vizhub.healthdata.org/gbd-results
https://vizhub.healthdata.org/gbd-results
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33069326&dopt=Abstract
https://air.unimi.it/handle/2434/936431
http://dx.doi.org/10.1016/S0140-6736(22)01438-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35988567&dopt=Abstract
https://www.wjgnet.com/1007-9327/full/v21/i26/7933.htm
http://dx.doi.org/10.3748/wjg.v21.i26.7933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26185366&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)32225-6
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)32225-6
http://dx.doi.org/10.1016/S0140-6736(18)32225-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30496105&dopt=Abstract
http://dx.doi.org/10.1158/1940-6207.CAPR-20-0139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32655009&dopt=Abstract
https://air.unimi.it/handle/2434/776344
https://air.unimi.it/handle/2434/776344
http://dx.doi.org/10.1016/S0140-6736(20)30752-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33069327&dopt=Abstract
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-10-1
http://dx.doi.org/10.1186/1478-7954-10-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22226226&dopt=Abstract
https://europepmc.org/abstract/MED/36148334
http://dx.doi.org/10.3389/fpubh.2022.952087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36148334&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietd

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

Disease Study 2019. Lancet 2021 Jun 19;397(10292):2337-2360 [ FREE Full text] [doi: 10.1016/S0140-6736(21)01169-7]
[Medline: 34051883]

XieW, Yang T, Zuo J, MaZ, YuW, Hu Z, et a. Chinese and global burdens of gastrointestinal cancersfrom 1990 to 2019.
Front Public Health 2022;10:941284 [FREE Full text] [doi: 10.3389/fpubh.2022.941284] [Medline: 35910886]
LinL,LiZ, YanL, LiuY, Yang H, Li H. Global, regional, and national cancer incidence and death for 29 cancer groups
in 2019 and trends analysis of the global cancer burden, 1990-2019. J Hematol Oncol 2021 Nov 22;14(1):197 [EREE Full
text] [doi: 10.1186/s13045-021-01213-z] [Medline: 34809683]

GBD 2016 Alcohol Drug Use Collaborators. The global burden of disease attributable to alcohol and drug usein 195
countries and territories, 1990-2016: a systematic analysisfor the Global Burden of Disease Study 2016. Lancet Psychiatry
2018 Dec;5(12):987-1012 [FREE Full text] [doi: 10.1016/S2215-0366(18)30337-7] [Medline: 30392731]

Karriker-Jaffe KJ, Room R, Giesbrecht N, Greenfield TK. Alcohol'sharm to others: opportunitiesand challengesin apublic
health framework. J Stud Alcohol Drugs 2018 Mar;79(2):239-243 [ FREE Full text] [doi: 10.15288/jsad.2018.79.239]
[Medline: 29553351]

Manthey J, Shield K, Rylett M, Hasan OSM, Probst C, Rehm J. Global a cohol exposure between 1990 and 2017 and
forecasts until 2030: amodelling study. The Lancet 2019 Jun;393(10190):2493-2502 [doi: 10.1016/50140-6736(18)32744-2]
Freedman ND, Murray LJ, Kamangar F, Abnet CC, Cook MB, Nyrén O, et al. Alcohol intake and risk of oesophageal
adenocarcinoma: apooled analysisfrom the BEACON Consortium. Gut 2011 Aug;60(8):1029-1037 [FREE Full text] [doi:
10.1136/gut.2010.233866] [Medline: 21406386]

Sewram V, Sitas F, O'Connell D, Myers J. Tobacco and alcohol as risk factors for oesophageal cancer in a high incidence
areain South Africa. Cancer Epidemiol 2016 Apr;41:113-121 [doi: 10.1016/j.canep.2016.02.001] [Medline: 26900781]
Sung H, Siegel RL, Torre LA, Pearson-Stuttard J, ISlami F, Fedewa SA, et a. Global patternsin excess body weight and
the associated cancer burden. CA Cancer J Clin 2019 Mar;69(2):88-112 [FREE Full text] [doi: 10.3322/caac.21499]
[Medline: 30548482]

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-massindex, underweight, overweight, and obesity
from 1975 to 2016: apooled analysis of 2416 popul ation-based measurement studiesin 128-9 million children, adol escents,
and adults. Lancet 2017 Dec 16;390(10113):2627-2642 [ FREE Full text] [doi: 10.1016/S0140-6736(17)32129-3] [Medline:
29029897]

Arnold M, Soerjomataram |, Ferlay J, Forman D. Global incidence of oesophageal cancer by histological subtype in 2012.
Gut 2015 Mar;64(3):381-387 [doi: 10.1136/gutjnl-2014-308124] [Medline: 25320104]

Salem M, Puccini A, XiuJ, Raghavan D, Lenz HJ, Korn WM, et al. Comparative molecul ar analyses of esophageal squamous
cell carcinoma, esophageal adenocarcinoma, and gastric adenocarcinoma. Oncologist 2018 Nov;23(11):1319-1327 [FREE
Full text] [doi: 10.1634/theoncologist.2018-0143] [Medline: 29866946]

GBD 2017 Diet Collaborators. Health effects of dietary risksin 195 countries, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2019 May 11;393(10184):1958-1972 [FREE Full text] [doi:
10.1016/S0140-6736(19)30041-8] [Medline: 30954305]

Abnet CC, Corley DA, Freedman ND, Kamangar F. Diet and upper gastrointestinal malignancies. Gastroenterology 2015
May;148(6):1234-1243.e4 [FREE Full text] [doi: 10.1053/j.gastro.2015.02.007] [Medline: 25680671]

QinX, JiaG, Zhou X, Yang Z. Diet and esophageal cancer risk: an umbrellareview of systematic reviewsand meta-analyses
of observational studies. Adv Nutr 2022 Dec 22;13(6):2207-2216 [ FREE Full text] [doi: 10.1093/advances/nmac087]
[Medline: 36041184]

ZangZ,LiuY,WangJ, LiuY, Zhang S, Zhang Y, et a. Dietary patterns and severity of symptom with therisk of esophageal
sguamous cell carcinomaand its histological precursor lesionsin China: amulticenter cross-sectional latent class analysis.
BMC Cancer 2022 Jan 21;22(1):95 [FREE Full text] [doi: 10.1186/s12885-022-09206-y] [Medline: 35062901]

Dai H, Alsalhe TA, Chalghaf N, Riccd M, Bragazzi NL, Wu J. The global burden of disease attributable to high body mass
index in 195 countries and territories, 1990-2017: An analysis of the Global Burden of Disease Study. PLoS Med 2020
Jul;17(7):€1003198 [FREE Full text] [doi: 10.1371/journal.pmed.1003198] [Medline: 32722671]

Zhi X, Kuang X, LiuK, Li J. Theglobal burden and temporal trend of cancer attributableto high body massindex: Estimates
from the Global Burden of Disease Study 2019. Front Nutr 2022;9:918330 [FREE Full text] [doi: 10.3389/fnut.2022.918330]
[Medline: 35958256]

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet 2014 Aug 30;384(9945):766-781 [FREE Full text] [doi: 10.1016/S0140-6736(14)60460-8] [Medline:
24880830]

Abbreviations

AAPC: average annual percentage change
ASDR: age-standardized disability-adjusted life year rate
ASMR: age-standardized mortality rate

https://publichealth.jmir.org/2023/1/e46051 JMIR Public Health Surveill 2023 | vol. 9 | e46051 | p. 13

(page number not for citation purposes)


https://boris.unibe.ch/id/eprint/163394
http://dx.doi.org/10.1016/S0140-6736(21)01169-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34051883&dopt=Abstract
https://europepmc.org/abstract/MED/35910886
http://dx.doi.org/10.3389/fpubh.2022.941284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35910886&dopt=Abstract
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-021-01213-z
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-021-01213-z
http://dx.doi.org/10.1186/s13045-021-01213-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34809683&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(18)30337-7
http://dx.doi.org/10.1016/S2215-0366(18)30337-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30392731&dopt=Abstract
https://europepmc.org/abstract/MED/29553351
http://dx.doi.org/10.15288/jsad.2018.79.239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29553351&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(18)32744-2
https://europepmc.org/abstract/MED/21406386
http://dx.doi.org/10.1136/gut.2010.233866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21406386&dopt=Abstract
http://dx.doi.org/10.1016/j.canep.2016.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26900781&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.3322/caac.21499
http://dx.doi.org/10.3322/caac.21499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30548482&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(17)32129-3
http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29029897&dopt=Abstract
http://dx.doi.org/10.1136/gutjnl-2014-308124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25320104&dopt=Abstract
https://europepmc.org/abstract/MED/29866946
https://europepmc.org/abstract/MED/29866946
http://dx.doi.org/10.1634/theoncologist.2018-0143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29866946&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(19)30041-8
http://dx.doi.org/10.1016/S0140-6736(19)30041-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30954305&dopt=Abstract
https://europepmc.org/abstract/MED/25680671
http://dx.doi.org/10.1053/j.gastro.2015.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25680671&dopt=Abstract
https://europepmc.org/abstract/MED/36041184
http://dx.doi.org/10.1093/advances/nmac087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36041184&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-022-09206-y
http://dx.doi.org/10.1186/s12885-022-09206-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35062901&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1003198
http://dx.doi.org/10.1371/journal.pmed.1003198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32722671&dopt=Abstract
https://europepmc.org/abstract/MED/35958256
http://dx.doi.org/10.3389/fnut.2022.918330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35958256&dopt=Abstract
https://europepmc.org/abstract/MED/24880830
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24880830&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Lietd

DALY: disability-adjusted life year

EAC: esophageal adenocarcinoma

EC: esophageal cancer

ESCC: esophageal squamous cell carcinoma
GBD: globa burden of disease

SDI': sociodemographic index

Ul: uncertainty interval
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