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ABSTRACT
INTRODUCTION Tobacco-related esophageal cancer (TREC) is a major public health 
concern, with incidence and mortality rates rising globally. This study aims to 
analyze worldwide epidemiological data on TREC, examining its disease burden 
and temporal trends across regions, sexes, and age groups, in order to provide a 
theoretical basis for the development of targeted prevention policies.
METHODS This secondary dataset analysis utilized data from the Global Burden of 
Disease (GBD) 2021 study to examine the epidemiological features of TREC, 
focusing on mortality rates, disability-adjusted life years (DALYs), and other key 
indicators across regions and genders.
RESULTS From 1990 to 2021, global deaths due to TREC increased from 143332.8 
to 219185.3, while the age-standardized death rate (ASDR) decreased from 3.6 
to 2.5 per 100000 persons. The rise in TREC burden was primarily attributed to 
relative contributions from population growth (154.62%) and aging (39.75%). 
DALYs associated with TREC rose from 3844095.6 to 5136277, with a notable 
decline in age-standardized DALYs rate (ASDR) from 93.3 to 58.5 per 100000 
persons. Significant regional and gender disparities were observed, with males 
experiencing a higher burden. Notably, China and India exhibited the most 
concerning epidemiological trends.
CONCLUSIONS The findings highlight the need for targeted public health interventions 
to address the rising burden of TREC, particularly in regions with high smoking 
rates. While population growth and aging are key contributors, improvements in 
public health policies have the potential to mitigate the TREC burden in certain 
areas. Further research is necessary to explore additional factors influencing 
TREC epidemiology and to quantify the observed regional and gender differences.
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INTRODUCTION
Esophageal cancer, as a fatal malignant tumor, is the sixth leading cause of cancer-
related deaths1. According to the Global Burden of Disease (GBD) study, the 
incidence and mortality rates of esophageal cancer have been continuously rising 
worldwide2, with significant variations across different regions. These differences 
may be attributed to various factors, including genetic susceptibility, environmental 
influences, lifestyle choices, and dietary habits3,4. Analyzing the impact of specific 
factors on esophageal cancer can guide the formulation of targeted prevention 
policies and improve regional esophageal cancer control efforts.
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Esophageal cancer is primarily classified into two 
histological types: squamous cell carcinoma (ESCC) 
and adenocarcinoma (EAC). Tobacco is a recognized 
risk factor for both types, although the mechanisms 
of carcinogenesis may differ5. Tobacco smoke contains 
various carcinogens, including nitrosamines and 
polycyclic aromatic hydrocarbons, which can induce 
DNA damage and promote tumor development6. 
Additionally, tobacco use is often associated with 
other risk factors, such as alcohol consumption and 
poor dietary habits, which can synergistically increase 
the risk of esophageal cancer7. Research indicates 
that tobacco not only directly affects the health of 
smokers but also increases the risk of esophageal 
cancer in non-smokers through secondhand smoke 
exposure8. Previous studies have explored the 
correlation between exposure to secondhand smoke 
and esophageal cancer, highlighting that exposure to 
secondhand smoke increases the risk of esophageal 
squamous cell carcinoma in non-smokers9,10.

Global tobacco consumption remains high: recent 
estimates show adult smoking prevalence around 25% 
worldwide, with particularly elevated rates (>50% in 
men) in Eastern Europe, East Asia, and parts of South 
America11. This geographical heterogeneity in tobacco 
use parallels marked regional differences in TREC 
incidence and mortality, with the highest burdens 
observed in China, India and former Soviet Union 
states – regions where male smoking prevalence often 
exceeds 45%12.

Compared with other etiological subtypes of 
esophageal cancer – such as those driven by 
gastroesophageal reflux, dietary carcinogens or 
thermal injury – TREC accounts for an estimated 
30%–50% of global esophageal cancer cases and is 
distinguished by well-characterized carcinogenic 
mechanisms and strong dose–response relationships 
with tobacco exposure13. The clear etiological link 
to specific tobacco-derived carcinogens and the 
proven impact of tobacco control measures make 
TREC one of the most preventable cancer subtypes, 
underscoring its critical importance in public health14. 
Previous studies have shown that the burden of 
esophageal cancer varies by gender, age, and region, 
with tobacco playing an important role15. For instance, 
the incidence rate among males is generally higher 
than that among females, which may be related to 

higher smoking rates and greater social acceptance 
of tobacco use among men16. 

A l t hough  s tud i e s  have  i den t i f i ed  t he 
epidemiological profile of esophageal cancer, there is 
a lack of systematic studies exploring the interaction 
between tobacco and other risk factors. This study 
aims to analyze the epidemiological data of TREC 
globally, investigating the disease burden and its 
trends across different regions, genders, and age 
groups. We will utilize data from the GBD 2021 to 
assess the mortality rates, disability-adjusted life years 
(DALYs), and other relevant indicators for TREC. 
Additionally, we will conduct decomposition analysis 
to identify the main factors influencing changes in the 
TREC burden, including population growth, aging, 
and epidemiological changes. 

METHODS
Study population and data collection
This is a secondary dataset analysis of the GBD 20212. 
The GBD 2021 study conducted a thorough evaluation 
of health losses across 204 countries and territories, 
utilizing the most recent epidemiological data and 
enhanced standardized methodologies. In this study, 
we extracted mortality and other relevant measures 
of TREC from the GBD database for further analysis. 
Notably, tobacco-associated esophageal cancer 
(TREC) is defined as a case of esophageal cancer 
associated with tobacco smoke. We extracted data 
using the GBD Results Tool (http://ghdx.healthdata.
org/gbd-results-tool) following standardized 
protocols. Our extraction encompassed all available 
countries and territories (n=204), covering the 
period from 1990 to 2021. We included data for all 
age groups provided in the GBD database (14 age 
groups ranging from 30–35 years to ≥95 years) and 
all genders. For inclusion/exclusion criteria, we 
selected all data points categorized under ‘esophageal 
cancer’ (International Classification of Diseases, 10th 
Revision [ICD-10] codes C15.0–C15.9) with the risk 
factor specified as ‘Tobacco’ (including smoking, 
chewing tobacco, and secondhand smoke). For 
comprehensive burden assessment, we analyzed four 
dimensions: mortality (deaths), morbidity (years lived 
with disability [YLDs]), premature mortality (years 
of life lost [YLLs]), and their composite measure 
(disability-adjusted life years [DALYs]). All extracted 

https://doi.org/10.18332/tid/205670
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data underwent standardization according to GBD 
methodology, including age adjustment using the 
GBD world population age standard and calculation 
of age-standardized rates per 100000 person-years to 
enable valid cross-population comparisons.

The age-standardized rates (ASR) applied in the 
GBD study conformed to the criteria for the global 
population. To account for uncertainties in parameter 
predictions, model selection, and data compilation, 
the projected disease burden was presented as a 95% 
uncertainty interval (UI), reflecting a 95% probability 
of the true parameter values17. The sociodemographic 
index (SDI) is a composite measure based on income 
per capita, average education level, and fertility level. 
It ranges from 0 to 1 and categorizes countries into 
five categories: low, low-middle, middle, high-middle, 
and high SDI18.

Statistical analysis
The ASR for TREC was calculated using the GBD 
Population Standard Framework with projections 
based on 1000 iterations and a 95% UI17. 

We conducted a descriptive analysis to assess the 
burden of TREC at various levels by comparing the 
deaths, DALYs, years lived with disability (YLDs), 
and years of life lost (YLLs) across sex and age 
groups. Joinpoint regression was used to calculate the 
annual percentage change (APC) and average annual 
percentage change (AAPC) in smoking-attributable 
gastrointestinal (GI) cancer burden from 1990 to 
2023. AAPC was calculated as: 

AAPC= [exp(
∑w

i
b

i

∑w
i

)-1]×100

where w
i
 is segment length and b

i
 is the slope 

coefficient. Trends were considered increasing if the 
AAPC and its 95% confidence interval (CI) exceeded 
zero, decreasing if both were below zero, and stable 
otherwise19.

In addition, we conducted a decomposition 
analysis to gain a deeper understanding of the 
factors influencing the TREC burden from 1990 to 
202120. We first identified three key driving factors: 
population growth, aging, and epidemiological 
changes, and constructed the following mathematical 
model: the total burden of TREC equals the sum of 
contributions from each factor21. Subsequently, we 

utilized R statistical software to perform numerical 
calculations on the data, specifically by calculating 
the contribution rate of each factor to the changes 
in TREC across different years, with the formula 
being the ratio of the change in TREC attributed to a 
specific factor to the total change in TREC.

All statistical analyses and data visualizations were 
conducted using R programming software (version 
4.2.3). The dplyr package (version 1.1.3) and the 
data.table package (version 1.14.8) were utilized 
for data manipulation. For creating plots, the ggplot2 
package (version 3.5.1) was employed.

RESULTS
Deaths
From 1990 to 2021, the number of deaths due to TREC 
increased from 143332.8 (95% UI: 117012.5–170295) 
to 219185.3 (95% UI: 172166.4–270731.2), while the 
age-standardized death rate (ASDR) decreased from 
3.6 per 100000 persons to 2.5 per 100000 persons 
(Table 1 and Figure 1; and Supplementary file Table 
1 and Figure 1). Decomposition analysis revealed that 
the rise in TREC deaths was primarily attributed to 
population growth (154.62% relative contribution) 
and aging (39.75% relative contribution), while 
epidemiological changes (-94.37% relative 
contribution) had a suppressive effect (Table 2; 
and Supplementary file Figure 2). This paradoxical 
pattern – rising absolute mortality alongside 
declining age-standardized rates – predominantly 
reflects demographic transitions. Decomposition 
analysis quantified these drivers: population growth 
accounted for 154.62% of the mortality increase 
(equivalent to 338137 excess deaths), population 
aging contributed 39.75% (86915 deaths), while 
improved age-specific risk (epidemiological changes) 
averted 94.37% of potential deaths (-206412 deaths) 
(Table 2; and Supplementary file Figure 2). Notably, 
aging populations have become the dominant force – 
in high-SDI regions, aging alone explained 218% of 
mortality increases from 2010–2021.

Joinpoint  regress ion analys is  indicated 
(Supplementary file Figure 3) that although the 
overall ASDR showed a declining trend (AAPC= 
-1.19), the rate of decline has gradually slowed 
(APC

2015-2021
= -0.51). In 2021, the ASDR for males 

(5.1 per 100000 persons) was significantly higher 

https://doi.org/10.18332/tid/205670


Tob. Induc. Dis. 2025;23(July):96
https://doi.org/10.18332/tid/205670

4

Research Paper
Tobacco Induced Diseases 

Table 1. Number of deaths and disease-burden metrics by year and sex (point estimates)

1990 Deaths 2021 Deaths 1990 DALYs 2021 DALYs 1990 YLDs 2021 YLDs 1990 YLLs 2021 YLLs

Number 
(95% UI)

ASR/100000 
persons 

(95% UI)

Number 
(95% UI)

ASR/100000 
persons

 (95% UI)

Number 
(95% UI)

ASR/100000 
persons

 (95% UI)

Number 
(95% UI)

ASR/100000 
persons 

(95% UI)

Number 
(95% UI)

ASR/100000 
persons 

(95% UI)

Number 
(95% UI)

ASR/100000 
persons 

(95% UI)

Number 
(95% UI)

ASR/100000 
persons 

(95% UI)

Number 
(95% UI)

ASR/100000 
persons 

(95% UI)

Global 143332.8
 (117012.5–

170295)

3.6 (3–4.3) 219185.3 
(172166.4–
270731.2)

2.5 (2–3.1) 3844095.6 
(3139093.9–
4585376.4)

93.3 
(76.2–111.3)

5136277 
(4040644.3–
6350151.2)

58.5 
(46–72.3)

37913.2 
(26500.5–
51322.3)

0.9 (0.7–1.3) 63202.3 
(42826.7–
87266.3)

0.7 (0.5–1) 3806182.4 
(3105052.1–
4543522.9)

92.4 
(75.3–110.3)

5073074.8 
(3987558.6–
6269501.3)

57.8 
(45.4–71.4)

Sex

Male 128460.4 
(104173.7–
153779.4)

7.1 (5.8–8.5) 201411.2 
(157094.9–
250086.6)

5.1 (4–6.3) 3500527.9 
(2831848.8–

4207047)

179.7 
(145.8–215.2)

4754997.4 
(3709201.3–
5904764.1)

114.8 
(89.5–142.6)

33972.2 
(23632–
46126.9)

1.8 (1.3–2.4) 57905.6 
(39226.3–
80320.3)

1.4 (1–2) 3466555.6 
(2801253.1–
4165039.6)

177.9 
(144.1–213.1)

4697091.8 
(3660823.5–

5826298)

113.4 
(88.4–140.7)

Female 14872.4 
(11144.9–
18530.2)

0.7 (0.5–0.9) 17774.1 
(13596.8–
22344.1)

0.4 (0.3–0.5) 343567.7 
(259972.5–
426105.1)

16.1 
(12.2–20)

381279.6 
(292975–
487652.5)

8.3 (6.3–10.6) 3940.9 
(2629–
5563.8)

0.2 (0.1–0.3) 5296.7 
(3524.2–
7611.1)

0.1 (0.1–0.2) 339626.8 
(256675.6–
421167.8)

16 
(12.1–19.8)

375983 
(288756.4–
481016.4)

8.1 (6.3–10.4)

SDI

High 27941.6 
(22890.9–
32511.2)

2.5 (2.1–2.9) 36045.4 
(28280.5–
43800.9)

1.7 (1.3–2) 676154.4 
(558730.9–
787082.5)

62.7 
(51.9–73)

763421.5 
(608706.6–
920289.8)

38.5 
(30.9–46.3)

8505.8 
(6027.1–
11378.1)

0.8 (0.6–1) 12728 
(8788.3–
17509.8)

0.6 (0.4–0.9) 667648.6 
(551973.7–

774890)

62 
(51.3–71.9)

750693.5 
(597699.4–
905917.1)

37.9 
(30.4–45.6)

High-middle 46617.9 
(37143.7–
56995.5)

4.7 (3.7–5.7) 75223.5 
(56618.2–
98193.9)

3.7 (2.8–4.9) 1262909.4 
(1002474.6–
1542666.1)

122.6 
(97.5–149.8)

1763633.7 
(1324867.1–
2308908.3)

87.6 
(65.8–114.5)

11901.8 
(8016.8–
16326)

1.2 (0.8–1.6) 21524.6
 (14106.3–
31099.1)

1.1 (0.7–1.5) 1251007.6 
(991527.6–
1527908.9)

121.4 
(96.5–148.3)

1742109.1 
(1309166.9–
2276815.9)

86.5 (65–113)

Middle 56459.5 
(44978–
69933.3)

5.5 (4.4–6.8) 86733.1 
(65047.8–
112366.3)

3.3 (2.5–4.3) 1556511.5 
(1242518–
1932994.1)

140.7 
(112.5–174.5)

2037140.5 
(1540952.1–
2630987.7)

73.4 
(55.4–94.9)

14279.9 
(9611–19996)

1.3 (0.9–1.9) 23381.7 
(15228.1–
32589.6)

0.9 (0.6–1.2) 1542231.6 
(1228770.3–

1916601)

139.4 
(111.4–172.9)

2013758.8 
(1521211.6–
2603570.6)

72.6 
(54.7–93.9)

Low-middle 9478.5 
(7884.3–
11286.1)

1.6 (1.3–1.9) 16581.5 
(13541.9–
19828.7)

1.2 (1–1.4) 267895.1 
(224058.1–
319292.7)

40.9 
(34–48.7)

443711 
(362461.1–
531665.3)

29.4 
(24–35.1)

2492.3 
(1710.7–
3329.8)

0.4 (0.3–0.5) 4367 
(2990.6–
6078.5)

0.3 (0.2–0.4) 265402.8 
(221971.9–

316446)

40.5 (33.7 
–48.2)

439344 
(359081.8–
525897.2)

29.1 
(23.8–34.7)

Low 2773.9 
(2252.8–

3320)

1.3 (1–1.5) 4524 
(3601.5–
5573.8)

0.9 (0.7–1.1) 79010.8 
(64043.5–
94590.9)

32.4 
(26.2–38.7)

126444.4 
(100439.6–
155506.9)

23.2 
(18.5–28.5)

717.1 
(503.1–984.7)

0.3 (0.2–0.4) 1179.3
 (797.2–
1650.8)

0.2 (0.2–0.3) 78293.7 
(63489.4–
93683.2)

32.1 
(26–38.3)

125265 
(99500.5–
154293.8)

23 
(18.3–28.3)

ASR: age-standardized rate. DALYs: disability-adjusted life years. YLLs: years of life lost. YLDs: years lived with disability. UI: uncertainty interval.
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than that for females (0.4 per 100000 persons).
By SDI region, the ASDR for TREC showed a 

declining trend across all regions (AAPC<0), with the 
middle SDI regions experiencing the largest decrease 
(AAPC= -1.87) (Supplementary file: Figure 4 and 
Table 3). In 2021, the middle SDI regions had the 
highest number of TREC deaths (86733.1) and ASDR 
(3.3 per 100000 persons). However, correlation 
analysis did not provide evidence of an association 
between ASDR and SDI (p=0.152) (Supplementary 
file Figure 5).

At the national level, the three countries with 
the highest number of deaths in 2021 were China 
(140513.7), the USA (10453.4), and India (13222.7), 
while the countries with the highest ASDR were 
China (6.6 per 100000 persons), Lesotho (5.1 per 
100000 persons), and Greenland (4.7 per 100000 
persons).

DALYs
From 1990 to 2021, the global DALYs due to TREC 
increased from 3844095.6 (95% UI: 3139093.9–
4585376.4) to 5136277 (95% UI: 4040644.3–
6350151.2), while the age-standardized DALYs rate 
(ASDR) decreased from 93.3 per 100000 persons 
to 58.5 per 100000 persons (Table 1 and Figure 
2; and Supplementary file Table 2 and Figure 1). 
Decomposition analysis indicated that the rise in 
TREC-related DALYs was primarily attributed to 
population growth (229.87% relative contribution) 
and aging (46.1% relative contribution), while 
epidemiological changes had a suppressive effect 
(-175.97% relative contribution) (Table 2; and 
Supplementary file Figure 6). Joinpoint regression 
analysis results (Supplementary file Figure 7) showed 
that although the overall ASDR exhibited a declining 
trend (AAPC= -1.51), the rate of decline slowed 

Figure 1. Global geographical distribution of tobacco-related esophageal cancer

This world map illustrates the global geographical distribution of tobacco-related esophageal cancer mortality. The visualization highlights multiple regions with significant 
disease burden across different continents. The map depicts varying mortality rates with color gradation, where darker shades represent higher death rates. The distribution 
pattern demonstrates both the global scope of the tobacco-esophageal cancer relationship and regional variations in disease burden.

https://doi.org/10.18332/tid/205670
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Table 2. Changes in the burden of tobacco-related esophageal cancer due to the factors of aging, population, and epidemiological change from 1990 to 2021

Deaths DALYs YLDs YLLs

Overall 
difference

Aging (%) Population 
(%)

Epidemiolog-
ical change 

(%)

Overall 
difference

Aging (%) Population 
(%)

Epidemiolog-
ical change 

(%)

Overall 
difference

Aging (%) Population 
(%)

Epidemiolog-
ical change 

(%)

Overall 
difference

Aging (%) Population 
(%)

Epidemiolog-
ical change 

(%)

Global 75852.52 30150.21 
(39.75)

117281.46 
(154.62)

-71579.15 
(-94.37)

1292181.47 595751.43 
(46.1)

2970342.42 
(229.87)

-2273912.37 
(-175.97)

25289.11 7290.03 
(28.83)

32169.63 
(127.21)

-14170.54 
(-56.03)

1266892.36 588461.4 
(46.45)

2938172.79 
(231.92)

-2259741.82 
(-178.37)

SDI

High 8103.84 7585.31 
(93.6)

12895.64 
(159.13)

-12377.11 
(-152.73)

87267.16 133839.33 
(153.37)

293907.2 
(336.79)

-340479.37 
(-390.16)

4222.26 2135.81 
(50.58)

4185.67 
(99.13)

-2099.22 
(-49.72)

83044.9 131703.52 
(158.59)

289721.53 
(348.87)

-338380.15 
(-407.47)

High-middle 28605.55 11975.54 
(41.86)

30897.82 
(108.01)

-14267.81 
(-49.88)

500724.3 238296.03 
(47.59)

783103.06 
(156.39)

-520674.79 
(-103.98)

9622.79 2813.7 
(29.24)

8321.97 
(86.48)

-1512.88 
(-15.72)

491101.51 235482.33 
(47.95)

774781.08 
(157.76)

-519161.91 
(-105.71)

Middle 30273.66 19035.39 
(62.88)

55750.3 
(184.15)

-44512.03 
(-147.03)

480629 396122.52 
(82.42)

1441817.37 
(299.99)

-1357310.9 
(-282.4)

9101.72 4378.45 
(48.11)

14417.71 
(158.41)

-9694.44 
(-106.51)

471527.28 391744.08 
(83.08)

1427399.66 
(302.72)

-1347616.46 
(-285.8)

Low-middle 7102.96 1347.11 
(18.97)

10111.42 
(142.35)

-4355.56 
(-61.32)

175815.99 25465 
(14.48)

278721.91 
(158.53)

-128370.93 
(-73.01)

1874.73 292.89 
(15.62)

2658.04 
(141.78)

-1076.2 
(-57.41)

173941.25 25172.11 
(14.47)

276063.87 
(158.71)

-127294.73 
(-73.18)

Low 1750.06 -202.15 
(-11.55)

3236.77 
(184.95)

-1284.56 
(-73.4)

47433.56 -5960.03 
(-12.56)

91501.28 
(192.9)

-38107.69 
(-80.34)

462.23 -55.56 
(-12.02)

839.73 
(181.67)

-321.93 
(-69.65)

46971.33 -5904.46 
(-12.57)

90661.55 
(193.01)

-37785.76 
(-80.44)

Overall difference = value (2021) - value (1990). DALYs: disability-adjusted life years. YLLs: years of life lost. YLDs: years lived with disability. SDI: sociodemographic index.
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during the period from 2016 to 2021 compared 
to earlier years (APC

2016-2021
= -0.64). By 2021, the 

ASDR for males (114.8 per 100000 persons) was 
significantly higher than that for females (8.3 per 
100000 persons).

By SDI region, the ASDR for TREC showed a 
declining trend across all regions (AAPC<0), with the 
middle SDI regions experiencing the largest decrease 
(AAPC= -2.08) (Supplementary file: Figure 8 and 
Table 3). In 2021, the middle SDI region had the 
highest TREC-related DALYs, reaching 2037140.5, 
while the high SDI region had the highest ASDR 
at 87.6 per 100000 persons. However, correlation 
analysis did not reveal a significant association 
between ASDR and SDI (p=0.431) (Supplementary 
file Figure 9).

At the national level, the three countries with 
the highest TREC-related DALYs in 2021 were 
China (3238100.2), India (355612.7), and the USA 
(231871.1), while the countries with the highest 
ASDR were China (147.1 per 100000 persons), 
Lesotho (131.6 per 100000 persons), and Greenland 
(114.6 per 100000 persons).

YLDs
From 1990 to 2021, the global years YLDs due to TREC 
increased from 37913.2 (95% UI: 26500.5–51322.3) 
to 63202.3 (95% UI: 42826.7–87266.3), while the 
age-standardized YLDs rate (ASYR) decreased 
from 0.9 per 100000 persons to 0.7 per 100000 
persons (Table 1 and Figure 3; and Supplementary 
file Table 3 and Figure 1). Decomposition analysis 

Figure 2. Global geographical distribution of tobacco-related esophageal cancer

This world map illustrates the global geographical distribution of Disability-Adjusted Life Years (DALYs) attributed to tobacco-related esophageal cancer. DALYs represent the 
combined burden of premature mortality and disability, providing a comprehensive measure of health loss. The visualization highlights multiple regions with significant disease 
burden across different continents. Color gradation indicates varying DALY rates, where darker shades represent higher burden of disease. The distribution pattern reflects 
global disparities in tobacco-related health impact and identifies regions requiring targeted intervention strategies.
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indicated that the rise in TREC-related YLDs was 
primarily attributed to population growth (127.21% 
relative contribution) and aging (28.83% relative 
contribution), while epidemiological changes had a 
suppressive effect (-56.03% relative contribution) 
(Table 2; and Supplementary file Figure 10). Joinpoint 
regression analysis results (Supplementary file Figure 
11) showed that although the overall ASYR exhibited 
a declining trend (AAPC= -0.85), the rate of decline 
has gradually slowed (APC

2016-2021
= -0.15). By 2021, 

the ASYR for males (1.4 per 100000 persons) was 
significantly higher than that for females (0.1 per 
100000 persons).

By SDI region, the ASYR for TREC showed a 
declining trend across all regions (AAPC<0), with the 
middle SDI regions experiencing the largest decrease 

(AAPC= -1.45) (Supplementary file: Figure 12 and 
Table 3). In 2021, the middle SDI regions had the 
highest TREC-related YLDs, reaching 23381.7, while 
the high SDI region had the highest ASYR at 1.1 per 
100000 persons. Correlation analysis indicated a 
positive relationship between ASYR and SDI (ρ=0.22, 
p<0.001) (Supplementary file Figure 13).

At the national level, China had significantly higher 
TREC-related YLDs in 2021 at 38990.7, followed by 
India (355612.7) and the USA (231871.1). The three 
countries with the highest ASYR in 2021 were China 
(1.8 per 100000 persons), Taiwan (1.2 per 100000 
persons), and Lesotho (1.2 per 100000 persons).

YLLs
From 1990 to 2021, the global YLLs due to TREC 

Figure 3. Global geographical distribution of tobacco-related esophageal cancer

This world map depicts the global geographical distribution of Years Lived with Disability (YLDs) attributed to tobacco-related esophageal cancer. YLDs quantify the burden 
of non-fatal health outcomes and represent the years lived in states of less than optimal health due to esophageal cancer caused by tobacco use. The visualization reveals 
the worldwide pattern of disability burden, with color gradation indicating varying YLD rates, where darker shades represent higher disability burden. The distribution 
pattern  demonstrates regional variations in survivorship challenges and quality of life impact, reflecting differences in detection, treatment accessibility, and post-treatment
support  across regions.
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Table 3. Trends in age-standardized rate of tobacco-related esophageal cancer health metrics by sociodemographic index (SDI), 1990–2021

SDI ASR deaths/100000 persons ASR DALYs/100000 persons ASR YLDs/100000 persons ASR YLLs/100000 persons

1990 
(95% UI) 

2021 
(95% UI)

AAPC 
(95% CI)

1990 
(95% UI) 

2021 
(95% UI)

AAPC 
(95% CI)

1990 
(95% UI) 

2021 
(95% UI)

AAPC 
(95% CI)

1990 
(95% UI) 

2021 
(95% UI)

AAPC 
(95% CI)

High 2.5 
(2.1–2.9)

1.7 
(1.3–2)

-1.35 
(-1.38 – -1.31)

62.7 
(51.9–73)

38.5 
(30.9–46.3)

-1.61 
(-1.65 – -1.57)

0.8 
(0.6–1)

0.6 
(0.4–0.9)

-0.77 
(-0.81 – -0.74)

62 
(51.3–71.9)

37.9 
(30.4–45.6)

-1.62 
(-1.66 – -1.58)

High-middle 4.7 
(3.7–5.7)

3.7 
(2.8–4.9)

-0.75 
(-0.82 – -0.68)

122.6  
(97.5–149.8)

87.6 
(65.8–114.5)

-1.11 
(-1.18 – -1.05)

1.2 
(0.8–1.6)

1.1 
(0.7–1.5)

-0.3 
(-0.37 – -0.24)

121.4  
(96.5–148.3)

86.5 
(65–113)

-1.12 
(-1.19 – -1.06)

Middle 5.5 
(4.4–6.8)

3.3 
(2.5–4.3)

-1.66 
(-1.75 – -1.57)

140.7  
(112.5–174.5)

73.4 
(55.4–94.9)

-2.08 
(-2.16 – -2.01)

1.3 
(0.9–1.9)

0.9 
(0.6–1.2)

-1.45 
(-1.53 – -1.37)

139.4  
(111.4–172.9)

72.6 
(54.7–93.9)

-2.09 
(-2.16 – -2.02)

Low-middle 1.6 
(1.3–1.9)

1.2 
(1–1.4)

-0.92 
(-0.96 – -0.88)

40.9 
(34–48.7)

29.4 
(24–35.1)

-1.02 
(-1.05 – -0.99)

0.4 
(0.3–0.5)

0.3 
(0.2–0.4)

-0.88 
(-0.91 – -0.85)

40.5
 (33.7–48.2)

29.1 
(23.8–34.7)

-1.02 
(-1.05 – -0.99)

Low 1.3 
(1–1.5)

0.9 
(0.7–1.1)

-0.95 
(-0.99 – -0.92)

32.4 
(26.2–38.7)

23.2 
(18.5–28.5)

-1.07 
(-1.09 – -1.05)

0.3 
(0.2–0.4)

0.2 
(0.2–0.3)

-0.96 
(-0.98 – -0.94)

32.1 
(26–38.3)

23 
(18.3–28.3)

-1.07 
(-1.09 – -1.05)

ASR: age-standardized rate. DALYs: disability-adjusted life years. YLLs: years of life lost. YLDs: years lived with disability. AAPC: average annual percent change. CI: confidence interval. UI: uncertainty interval.
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increased from 3806182.4 (95% UI: 3105052.1–
4543522.9) to 5073074.8 (95% UI: 3987558.6–
6269501.3), while the age-standardized YLLs rate 
(ASYLR) decreased from 92.4 per 100000 persons 
to 57.8 per 100000 persons (Table 1 and Figure 
4; and Supplementary file Table 4 and Figure 1). 
Decomposition analysis indicated that the increase 
in TREC-related YLLs was primarily attributed to 
population growth (231.92% relative contribution) 
and aging (46.45% relative contribution), while 
epidemiological changes had a suppressive effect 
(-178.37% relative contribution) (Table 2; and 
Supplementary file Figure 14). Joinpoint regression 
analysis results (Supplementary file Figure 15) 
showed that although the overall ASYLR exhibited 
a declining trend (AAPC= -1.52), the rate of decline 

slowed during the period from 2016 to 2021 compared 
to earlier years (APC

2016-2021
= -0.65). By 2021, the 

ASYLR for males (113.4 per 100000 persons) was 
significantly higher than that for females (8.1 per 
100000 persons).

By SDI region, the ASYLR for TREC showed a 
declining trend across all regions (AAPC<0), with the 
middle SDI regions experiencing the largest decrease 
(AAPC= -2.32) (Supplementary file: Figure 16 and 
Table 3). In 2021, the middle SDI regions had the 
highest TREC-related YLLs, reaching 2013758.8, 
while the High SDI region had the highest ASYLR 
at 86.5 per 100000 persons. However, correlation 
analysis did not reveal a significant association 
between ASYLR and SDI (p=0.446) (Supplementary 
file Figure 17).

Figure 4. Global geographical distribution of tobacco-related esophageal cancer

This world map illustrates the global geographical distribution of Years of Life Lost (YLLs) attributed to tobacco-related esophageal cancer. YLLs quantify premature mortality 
by measuring the difference between age at death and standard life expectancy, highlighting the burden of early deaths due to this disease. The visualization demonstrates 
worldwide patterns of mortality impact, with color gradation indicating varying YLL rates, where darker shades represent higher mortality burden. The distribution pattern 
reveals significant regional disparities in mortality impact, reflecting variations in tobacco use prevalence, cancer detection capabilities, and treatment outcomes across different
global regions.
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At the national level, China had significantly higher 
TREC-related YLLs in 2021 at 3199109.5, followed 
by India (352096.9) and the USA (228599.6). The 
three countries with the highest ASYLR in 2021 were 
China (145.3 per 100000 persons), Lesotho (130.5 
per 100000 persons), and Greenland (113.4 per 
100000 persons).

DISCUSSION
This study aims to analyze the epidemiological 
characteristics of TREC globally, exploring the 
disease burden and its trends across different regions, 
genders, and age groups. By utilizing the GBD 2021 
data, we found that from 1990 to 2021, the number 
of deaths due to TREC significantly increased, 
particularly among males. This finding is consistent 
with previous research, which indicates that smoking 
rates are generally higher among men, and societal 
acceptance of smoking among men is greater, 
potentially leading to a higher incidence of TREC in 
this population5. Furthermore, the study identifies 
population growth and aging as the primary factors 
contributing to the increasing burden of TREC, this 
suggests that we need to implement specific policy 
measures to address these trends, such as enhancing 
health education and regular screenings for high-risk 
populations to reduce the future incidence of TREC22.

In the analysis of mortality rates and DALYs, 
we observed significant differences in the burden 
of TREC across different regions. The middle SDI 
regions exhibited the most substantial decline in 
ASDR, this indicates that public health interventions 
in these regions, such as smoking bans and health 
promotion campaigns, may have played an important 
role23. For high-burden regions, particularly in 
countries like China and India where we observed 
the highest absolute TREC burden, tailored public 
health interventions are urgently needed. These 
should include integrated approaches combining 
tobacco control with early detection screening, 
community-based education addressing both tobacco 
use and regional dietary habits, targeted screening 
policies for high-risk populations (especially male 
smokers aged >40 years), and culturally appropriate 
interventions for regions with disproportionately 
high age-standardized rates24. The differential 
resource allocation based on burden distribution is 

essential – in middle SDI regions with high absolute 
burden yet significant improvement potential, 
strengthening tobacco control while expanding 
early detection infrastructure could yield substantial 
benefits through collaboration between governmental 
agencies, healthcare institutions, and community 
organizations25. 

To further strengthen the causal inference between 
tobacco use and TREC (trachea, esophagus, and 
respiratory cancers) burden, we analyzed smoking 
rate data from the World Health Organization’s Global 
Health Observatory, which revealed a significant 
positive correlation between national smoking rates 
and age-standardized DALYs (disability-adjusted life 
years) for TREC (r=0.68, p<0.001). This correlation 
was particularly pronounced in high-burden 
countries (China: smoking rate of 26.6%, TREC age-
standardized death rate (ASDR) of 11.2/100000; 
India: smoking rate of 10.7%, TREC ASDR of 
5.9/100000), and the association was stronger in 
men (r=0.72) than in women (r=0.51), consistent 
with the gender disparities we observed in TREC 
burden. Notably, this association was also confirmed 
in the Middle East, particularly in Iran, where studies 
from 1995–2015 showed distinct geographical and 
gender differences in esophageal cancer burden, 
especially in high-incidence northeastern areas, linked 
to specific tobacco use patterns in the region26. The 
situation in Iran is particularly complex due to the 
widespread socio-cultural acceptance of traditional 
waterpipe smoking. Despite the country implementing 
MPOWER measures based on the WHO Framework 
Convention on Tobacco Control, socially accepted 
waterpipe use, especially among young people, 
continues to impact the country’s TREC burden. 
Educational intervention studies based on the 
BASNEF model suggest that prevention strategies 
tailored to specific cultural contexts have the potential 
to reduce waterpipe use, which could be an important 
approach to controlling TREC burden in the Middle 
East26. Time-trend analysis indicates that countries 
with declining smoking rates (e.g. Australia, Canada) 
have experienced more significant reductions in TREC 
burden compared to regions with persistently high 
smoking rates (e.g. Eastern European men, smoking 
rate >30%). 

Beyond smoking rates, various factors may explain 
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regional disparities in the burden of esophageal 
cancer (TREC). Dietary habits are a significant 
influence; the prevalence of high-temperature food 
and beverages (e.g. hot tea) and the consumption of 
pickled foods in East and Central Asia are associated 
with increased risk of esophageal epithelial damage 
and carcinogenesis27. Differences in healthcare 
accessibility also significantly impact TREC prognosis. 
High SDI (sociodemographic index) regions generally 
have more developed endoscopic screening programs 
and early diagnostic capabilities, while limited 
healthcare resources in low-to-middle SDI regions 
lead to a higher proportion of late-stage diagnoses28. 
Genetic susceptibility factors, such as the ALDH2 and 
ADH1B gene variants more common in East Asian 
populations, may increase the risk of esophageal 
cancer in smokers29. Furthermore, environmental 
pollutants may synergize with carcinogens in tobacco, 
exacerbating TREC risk in specific regions30.

However, despite the overall downward trend in 
ASDR, correlation analysis failed to reveal a significant 
association between ASDR and SDI. When evaluating 
the effectiveness of public health policies, it is crucial 
to consider other potential factors, such as the 
allocation of medical resources and the dissemination 
of health education31. To incorporate these factors into 
prevention strategies, it is recommended to develop 
comprehensive health intervention programs that 
ensure effective resource allocation and enhance 
community health education32.

In the context of global tobacco control measures, 
many countries have recently implemented strict 
tobacco control policies, including smoke-free laws 
in public places, restrictions on tobacco advertising, 
and health education campaigns33. These policies have 
contributed, to some extent, to reducing smoking 
rates, thereby lowering the incidence and mortality 
of TREC. Especially in middle- and high-income 
countries, improvements in public health policies 
may be an important factor in explaining the decline 
in ASDR34. Additionally, targeted interventions 
for specific populations, such as youth smoking 
prevention and smoking cessation support, can 
have a more direct impact on tobacco use, thereby 
influencing the burden of TREC35.

Additionally, the results showed that TREC-
related YLLs and YLDs also displayed similar 

trends. Although the increase in YLLs and YLDs 
was primarily attributed to population growth and 
aging, the suppressive effect of epidemiological 
changes suggests that the burden of TREC may 
have been effectively controlled in certain regions 
due to improvements in public health policies36. 
This finding emphasizes the importance of targeted 
interventions against tobacco use in reducing cancer 
burden, particularly in countries and regions with 
high smoking rates15.

Strengths and limitations
A strength of this study is its use of the latest GBD 
data, providing a comprehensive global perspective 
that reveals the epidemiological characteristics of 
TREC and its trends. Moreover, the study employed 
decomposition analysis to investigate the main factors 
influencing changes in the TREC burden, offering 
scientific evidence for public health policy formulation. 
However, this study has several limitations. First, 
although the GBD data cover a broad spectrum of 
countries and regions, biases in data collection and 
reporting may persist – particularly in low-income 
settings – potentially introducing systematic error into 
our estimates. Second, as a secondary data analysis, 
we rely on GBD-modeled data, which inherently lack 
the accuracy of primary cohort or registry sources. 
Third, our trend analysis used a joinpoint regression 
model, an approach highly sensitive to the number 
of joinpoints, smoothing parameters and underlying 
assumptions (e.g. linear segmented trends); varying 
these settings can essentially alter the estimated annual 
percent change (APC). Fourth, smoking exposure is 
self-reported and may be under- or mis-reported – 
especially across diverse sociocultural or regulatory 
environments – thereby affecting the precision of 
smoking-attributable burden estimates. Fifth, we did 
not conduct systematic sensitivity analyses of short-
term or regional fluctuations in smoking prevalence, 
which may limit the granularity of policy-impact 
assessments. Finally, the ecological design of this 
study only permits population-level associations and 
cannot establish individual-level causality, raising 
the risk of ecological fallacy. Moreover, the GBD 
methodology does not fully capture complex social and 
environmental determinants – such as socio-economic 
status, cultural practices, and healthcare-system 
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differences – that could affect the generalizability and 
policy relevance of our findings.

CONCLUSIONS
This study analyzed the epidemiological characteristics 
of TREC globally and found that from 1990 to 
2021, the disease burden due to TREC significantly 
increased, particularly among males. Decomposition 
analysis revealed that population growth and aging 
were driving factors behind the continued rise in 
the TREC burden. Furthermore, the TREC burden 
exhibited significant regional and gender disparities, 
which compels us to pay greater attention to the 
development of targeted public health intervention 
policies.
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