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Abstract
BACKGROUND 
Colorectal cancer (CRC) plays a significant role in morbidity, mortality, and 
economic cost in the Belt and Road Initiative (“B and R”) countries. In addition, 
these countries have a substantial consumption of processed meat. However, the 
burden and trend of CRC in relation to the consumption of a diet high in 
processed meat (DHPM-CRC) in these “B and R” countries remain unknown.

AIM 
To analyze the burden and trend of DHPM-CRC in the “B and R” countries from 
1990 to 2019.

METHODS 
We used the 2019 Global Burden of Disease Study to collate information 
regarding the burden of DHPM-CRC. Numbers and age-standardized rates 
(ASRs) of deaths along with the disability-adjusted life years (DALYs) were 
determined among the “B and R” countries in 1990 and 2019. Using joinpoint 
regression analysis, the average annual percent change (AAPC) was used to 
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analyze the temporal trends of age-standardized DALYs rate (ASDALR) from 1990 to 2019 and in the final decade 
(2010–2019).

RESULTS 
We found geographical differences in the burden of DHPM-CRC among “B and R” countries, with the three 
highest-ranking countries being the Russian Federation, China, and Ukraine in 1990, and China, the Russian 
Federation, and Poland in 2019. The burden of DHPM-CRC generally increased in most member countries from 
1990 to 2019 (all P < 0.05). The absolute number of deaths and DALYs in DHPM-CRC were 3151.15 [95% 
uncertainty interval (UI) 665.74-5696.64] and 83249.31 (95%UI 15628.64-151956.31) in China in 2019. However, the 
number of deaths (2627.57-2528.51) and DALYs (65867.39-55378.65) for DHPM-CRC in the Russian Federation has 
declined. The fastest increase in ASDALR for DHPM-CRC was observed in Vietnam, Southeast Asia, with an 
AAPC value of 3.90% [95% confidence interval (CI): 3.63%-4.16%], whereas the fastest decline was observed in 
Kyrgyzstan, Central Asia, with an AAPC value of -2.05% (95% CI: -2.37% to -1.73%). A substantial upward trend in 
ASR of mortality, years lived with disability, years of life lost, and DALYs from DHPM-CRC changes in 1990-2019 
and the final decade (2010-2019) for most Maritime Silk Route members in East Asia, South Asia, Southeast Asia, 
North Africa, and the Middle East, as well as Central Europe, while those of the most Land Silk Route members in 
Central Asia and Eastern Europe have decreased markedly (all P < 0.05). The ASDALR for DHPM-CRC increased 
more in males than in females (all P < 0.05). For those aged 50-74 years, the ASDALR for DHPM-CRC in 40 
members exhibited an increasing trend, except for 20 members, including 7 members in Central Asia, Maldives, 
and 12 high or high-middle social development index (SDI) members in other regions (all P < 0.05).

CONCLUSION 
The burden of DHPM-CRC varies substantially across “B and R” countries and threatens public health. Relevant 
evidence-based policies and interventions tailored to the different trends of countries in SDIs or Silk Routes should 
be adopted to reduce the future burden of CRC in “B and R” countries via extensive collaboration.

Key Words: Belt and Road Initiative countries; Colorectal cancer; Burden of disease; Dietary risk factors; Processed meat; 
Disability-adjusted life years; Trend analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article analyzes the burden diet high in processed colorectal cancer attributable to a diet high in processed 
meat (DHPM-CRC) from the perspective of the organization of “B and R” countries with long-term political and economic 
ties. It focuses on the burden of DHPM-CRC through the strong horizontal link of trade and analyzes the differences 
between countries and their respective social development indexs (SDIs) via the vertical sharing of experience between 
countries with different SDI levels. The study explores the potential benefits of controlling the quantity and quality of 
DHPM with regard to deepening regional cooperation and high-quality trade development, thus advancing the initiative of a 
community of shared destiny in the field of health.

Citation: Liu G, Li CM, Xie F, Li QL, Liao LY, Jiang WJ, Li XP, Lu GM. Colorectal cancer’s burden attributable to a diet high in 
processed meat in the Belt and Road Initiative countries. World J Gastrointest Oncol 2024; 16(1): 182-196
URL: https://www.wjgnet.com/1948-5204/full/v16/i1/182.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i1.182

INTRODUCTION
Chronic non-communicable diseases, including malignant tumors such as colorectal cancer (CRC), have emerged as 
predominant health concerns in most countries across the globe[1]. According to GLOBOCAN 2020, CRC ranks third in 
terms of new cases, with over 1.92 million occurrences annually, and fifth in terms of mortality, causing approximately 
0.94 million deaths[2]. The Belt and Road Initiative (“B and R”) includes a diverse set of countries across Asia, North 
Africa, the Middle East, and Europe, each at varying stages of economic development. These countries account for a 
substantial 79.36% of new CRC cases and a staggering 83.39% of global CRC-related deaths[3,4]. Disability-adjusted life 
years (DALYs) are among the most advanced indicators for assessing disease burden[5,6]. Current research on CRC 
burden has primarily focused on trends in incidence and mortality rates, with a limited in-depth exploration of the 
DALYs attributed to risk factors. This gap in understanding becomes even more pronounced in the context of global 
aging and the absence of collaborative efforts toward a shared future[7-10]. It is crucial to elucidate the role of risk factors 
in the CRC burden within rapidly aging developing countries, facilitating regional cooperation, reinforcing risk factor 
control, and developing effective interventions for cancer screening[11]. Many “B and R” countries fall within the low- to 
low-middle range of social development indexes (SDIs). The increase in CRC incidence in these countries may be largely 
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attributed to their economic growth over the past three decades and the westernization of lifestyles, particularly evident 
in dietary patterns. This shift is marked by increased meat consumption[9,12]. Processed meat is often used as an 
important supplement for meat-poor countries[13]. The trade of processed meat between meat-rich and meat-poor 
countries among the “B and R” countries has formed a significant component of their economic exchanges[14]. For 
instance, China has established the Suifenhe area within the Heilongjiang Free Trade Zone, specializing in the processing 
of horse meat and beef sourced from Mongolia, Belarus, and Russia[15]. A diet high in processed meat (DHPM) is a 
recognized risk factor for CRC, with processed meat consumption linked to an 18% increase in CRC risk[16]. Therefore, in 
this study, we used DALYs from the Global Burden of Disease 2019 (GBD 2019) to evaluate the scope and disparities in 
the burden of CRC attributable to a DHPM-CRC across gender and age groups within “B and R” countries. The study 
aims to provide valuable insights into precision-coordinated prevention and control of CRC by exploring evidence-based 
policies and interventions.

MATERIALS AND METHODS
Data sources
This study included 66 member countries within the “B and R” initiative, with detailed classification published elsewhere
[3]. The GBD 2019, which is an international collaborative surveillance system, conducted estimates for 369 diseases, 87 
risk factors, and combinations of risk factors across 204 countries and territories spanning from 1990 to 2019. GBD 
generates estimates for disease burden indices, including incidence, prevalence, mortality, years lived with disability 
(YLDs), years of life lost (YLLs), and DALYs at regional, national, and global levels. A comprehensive methodology for 
GBD has been previously published[17,18]. DALYs are a composite measure used to assess the burden of disease, 
considering both disability and premature death. DALYs are calculated by combining YLLs and YLDs[5]. For this study, 
data pertaining to annual deaths attributed to DHPM-CRC, DALYs, and the respective age-standardized rates (ASRs) for 
gender and age groups from 1990 to 2019 in “B and R” countries were obtained from the institute for health metrics and 
evaluation website (https://vizhub.healthdata.org/gbd-results/). To ensure the reproducibility and transparency of 
results, our study adheres to the guidelines for accurate and transparent health estimates reporting[19].

Statistical analyses
We calculated the absolute numbers, age-standardized mortality rates (ASMRs), and age-standardized DALYs (ASDALR) 
for DHPM-CRC. The estimated metrics with 95% uncertainty intervals (UI) were reported. The UI is determined by 
resampling each number 1000 times from the posterior distributions and selecting the 2.5th and 97.5th order of the 
uncertainty distribution[17]. ASMR and ASDALR were estimated using a global age structure from 2019, categorized into 
five age groups: < 15 years, 15-49 years, 50-74 years, and ≥ 75 years. Regional data was stratified by SDI (high-, high-
middle, middle-, low-middle, low-), which is a composite indicator reflecting a country’s income per capita, educational 
attainment, and total fertility rate in females aged under 25 years. Detailed methods of SDI development and 
computation are available elsewhere[20]. The trends in DHPM-CRC burden from 1990 to 2019 were assessed using the 
joinpoint regression software (version 4.9.0.0. March 2021)[3], with trend segments identified and reported with 95% 
confidence intervals (CIs). Average annual percent change (AAPC) for ASDALR in DHPM-CRC was evaluated by gender 
and age. Additionally, changes in AAPC for DHPM-CRC burden from 1990 to 2019 and from 2010 to 2019 were 
compared. Detailed descriptions of the relationship between AAPC and increasing/decreasing trends, as well as map 
visualizations, can be found elsewhere[3]. A significance level of P < 0.05 was considered statistically significant.

RESULTS
The mortality and DALYs associated with DHPM-CRC in “B and R” countries for 1990 and 2019 are presented in Table 1. 
Notably, there were significant geographical variations in both mortality and DALYs for DHPM-CRC among “B and R” 
countries. In 1990, the countries with the highest burden were the Russian Federation, China, and Ukraine. By 2019, the 
countries with the highest DHPM-CRC burden had shifted to China, the Russian Federation, and Poland. In 2019, China 
had a mortality of 3151.15 (95%UI 665.74-5696.64) and DALYs of 83249.31 (95%UI 15628.64-151956.31), whereas the 
Maldives in Southeast Asia had the lowest mortality and DALY, with values of 0.15 (95%UI: 0.08-0.24) and 3.78 (95%UI: 
1.77-6.13), respectively. Among the “B and R” countries, the largest decreases in DHPM-CRC DALYs from 1990 to 2019 
were observed in the Russian Federation (-15.92%, from 65867.39 to 55378.65) and Kyrgyzstan (-9.11%, from 382.85 to 
347.99), whereas the countries with the most substantial increases were Qatar (703.33%, from 4.50 to 36.15) and Saudi 
Arabia (563.05%, from 94.58 to 627.11)

Figure 1 illustrates the ASMR and ASDALR of DHPM-CRC in 1990 and 2019 among “B and R” countries. Regions with 
higher ASMR and ASDALR were primarily concentrated in Eastern Europe and Central Europe, with Estonia having the 
highest rates in 1990 (1.49 per 100000 for ASMR and 35.41 per 100000 for ASDALR). In contrast, Sri Lanka exhibited the 
lowest ASMR and ASDALR in 1990 (0.03 per 100000 and 0.69 per 100000, respectively). In 2019, Sri Lanka continued to 
maintain the lowest ASMR and ASDALR (0.04 per 100000 and 0.99 per 100000, respectively), whereas Latvia exhibited the 
highest rates (1.43 per 100000 for ASMR and 31.61 per 100000, for ASDALR).

Of the 66 “B and R” countries, 65.15% (43/66) witnessed an increase in ASDALR for DHPM-CRC from 1990 to 2019, 
whereas 28.79% (19/66) observed a decrease. However, Romania experienced a substantial increase of 14.85 per 100000 in 

https://vizhub.healthdata.org/gbd-results/
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Table 1 The absolute number of mortality and disability-adjusted life years for colorectal cancer attributable to a diet high in processed 
meat in the Belt and Road Initiative countries in 1990 and 2019

1990 2019

Mortality DALYs Mortality DALYsCountries/regions

Number 95%UI Number 95%UI Number 95%UI Number 95%UI

Global 20185.18 7514.54 to 
30917.34

462267.80 176029.61 to 
707331.78

33927.57 11645.16 to 
52095.67

735043.63 262813.06 to 
1127202.7

SDI regions

High SDI 12344.14 4087.4 to 
18742.78

265997.94 92053.79 to 
404795.34

17957.26 6062.65 to 
27711.02

358289.23 126856.86 to 
554318.85

High-middle SDI 6473.44 2283.01 to 
10458.60

156995.36 58186.43 to 
253727.23

10455.98 2857.06 to 
16318.91

228839.61 62892.39 to 
356760.51

Middle SDI 725.38 307.21 to 
1102.05

20856.61 8535.2 to 
31828.59

3293.44 1028.10 to 
5402.14

87334.95 25247.15 to 
143831.02

Low-middle SDI 425.88 172.40 to 
660.88

12195.33 4977.73 to 
18857.48

1620.04 653.61 to 
2474.76

43433.53 16891.93 to 
66781.46

Low SDI 208.16 46.97 to 364.09 6047.54 1354.61 to 
10554.61

586.76 138.50 to 
986.79

16859.65 3948.37 to 
28481.72

East Asia

China 573.31 264.38 to 
905.72

16516.96 7250.01 to 
26427.44

3151.15 665.74 to 
5696.64

83249.31 15628.64 to 
151956.31

Central Asia

Armenia 8.56 0.99 to 15.10 254.23 29.36 to 442.90 14.27 1.58 to 25.73 341.48 38.58 to 614.85

Azerbaijan 18.81 2.99 to 31.37 608.86 96.76 to 1006.24 42.14 8.21 to 72.82 1266.76 267.40 to 2171.53

Georgia 24.15 4.03 to 40.47 700.62 118.11 to 1167.46 27.68 4.84 to 48.69 687.70 129.06 to 1191.91

Kazakhstan 78.79 14.76 to 128.11 2233.94 419.17 to 3575.49 91.43 15.34 to 151.9 2405.55 428.72 to 4030.59

Kyrgyzstan 13.09 2.31 to 21.74 382.85 73.43 to 628.18 12.87 2.05 to 22.15 347.99 63.93 to 598.29

Mongolia 3.18 0.49 to 5.57 92.58 16.59 to 161.63 7.15 1.34 to 12.67 221.58 43.87 to 392.11

Tajikistan 7.56 1.05 to 12.97 248.24 36.06 to 427.30 12.14 1.53 to 22.00 378.79 51.19 to 674.71

Turkmenistan 5.76 1.08 to 9.37 186.18 36.74 to 299.83 10.85 2.51 to 18.54 311.04 75.24 to 525.98

Uzbekistan 30.58 5.28 to 50.65 969.16 195.31 to 1589.62 61.56 11.66 to 107.04 1918.05 376.88 to 3309.55

South Asia

Bangladesh 50.04 5.75 to 94.41 1434.83 169.4 to 2699.75 167.43 21.36 to 344.14 4280.95 566.55 to 8593.91

Bhutan 0.28 0.04 to 0.58 8.57 1.05 to 17.66 1.13 0.18 to 2.16 28.18 4.41 to 53.58

India 196.15 134.6 to 303.76 5667.35 3897.39 to 
8874.42

956.93 635.07 to 
1398.40

24428.69 16067.44 to 
36082.08

Nepal 8.46 1.02 to 16.63 256.88 31.46 to 508.80 33.49 4.56 to 63.08 866.55 121.35 to 1638.59

Pakistan 84.11 12.69 to 147.02 2338.58 357.43 to 4004.62 262.35 41.49 to 482.79 7972.21 1317.46 to 
14492.48

Southeast Asia

Cambodia 2.16 1.19 to 3.45 65.00 33.16 to 107.42 10.01 4.75 to 16.32 276.67 121.07 to 464.88

Indonesia 34.39 24.4 to 44.10 1007.54 701.85 to 1310.91 156.04 87.49 to 237.82 4224.25 2335.66 to 
6607.83

Lao People's Democratic 
Republic

1.15 0.57 to 1.94 34.67 16.14 to 60.07 3.57 1.59 to 6.12 103.41 43.05 to 183.42

Malaysia 14.66 2.93 to 26.72 392.23 74.28 to 703.87 70.05 10.22 to 135.78 1785.41 238.9 to 3483.87

Maldives 0.04 0.02 to 0.07 1.24 0.55 to 2.14 0.15 0.08 to 0.24 3.78 1.77 to 6.13

Myanmar 10.67 6.01 to 16.85 320.50 167.86 to 524.74 36.30 16.26 to 63.27 993.97 412.40 to 1812.61
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Philippines 42.13 9.14 to 75.28 1307.32 259.26 to 2321.77 170.83 25.55 to 318.69 5150.70 713.11 to 9650.54

Sri Lanka 2.98 1.50 to 4.57 81.46 37.52 to 127.66 10.60 4.35 to 18.5 252.70 94.84 to 454.85

Thailand 17.02 11.26 to 23.09 481.34 309.77 to 666.1 66.39 29.64 to 114.00 1627.20 622.98 to 2935.75

Viet Nam 10.70 8.42 to 13.39 267.82 207.01 to 337.34 65.44 44.87 to 89.53 1734.20 1157.67 to 2486

High-income Asia pacific

Brunei Darussalam 0.69 0.10 to 1.24 21.10 3.19 to 37.20 2.07 0.29 to 3.70 60.38 8.77 to 106.55

Singapore 7.96 1.08 to 14.03 211.42 27.54 to 372.52 24.84 2.71 to 43.91 583.27 62.65 to 1022.00

North Africa and Middle 
East

Afghanistan 4.30 1.12 to 9.11 124.86 27.92 to 274.08 8.37 2.32 to 16.49 274.28 65.28 to 564.90

Bahrain 0.20 0.04 to 0.37 6.17 1.26 to 11.19 0.94 0.18 to 1.83 28.96 5.24 to 57.39

Egypt 15.04 3.33 to 26.15 461.56 95.34 to 812.9 64.31 9.15 to 133.63 1958.79 260.95 to 4054.83

Iran (Islamic Republic of) 16.16 4.54 to 29.76 476.35 123.59 to 887.22 64.86 18.49 to 111.79 1702.88 435.74 to 2968.75

Iraq 4.86 1.19 to 9.77 136.16 30.31 to 282.97 15.84 4.31 to 29.49 467.04 112.77 to 900.12

Jordan 1.41 0.34 to 2.69 42.35 9.40 to 81.53 7.55 1.68 to 14.05 214.03 43.98 to 400.30

Kuwait 0.40 0.09 to 0.72 12.43 2.62 to 22.66 2.47 0.52 to 4.74 67.41 13.27 to 128.85

Lebanon 2.60 0.6 to 5.01 67.45 14.42 to 131.45 8.53 2.08 to 16.26 194.00 43.10 to 372.37

Oman 0.38 0.11 to 0.74 11.09 2.86 to 22.21 1.30 0.30 to 2.49 38.63 8.09 to 76.72

Palestine 0.93 0.30 to 1.74 25.27 7.30 to 48.80 3.24 1.10 to 5.66 89.65 27.01 to 157.63

Qatar 0.14 0.03 to 0.27 4.50 0.77 to 8.98 1.09 0.19 to 2.17 36.15 5.90 to 72.22

Saudi Arabia 3.20 0.73 to 6.49 94.58 19.27 to 197.13 18.09 3.38 to 34.99 627.11 107.33 to 1227.35

Syrian Arab Republic 2.65 0.61 to 5.08 80.06 16.73 to 155.76 6.46 1.51 to 12.86 174.91 37.41 to 356.62

Turkey 40.12 9.69 to 74.42 1132.02 254.66 to 2143.91 118.79 23.06 to 227.55 2948.39 522.58 to 5711.33

United Arab Emirates 1.14 0.13 to 2.35 38.87 4.29 to 80.21 6.85 0.92 to 14.06 249.27 32.46 to 506.35

Yemen 1.90 0.58 to 3.78 56.39 15.85 to 114.49 6.41 2.06 to 12.16 189.19 55.64 to 368.67

Central Europe

Albania 11.31 3.89 to 17.85 296.84 108.54 to 473.91 26.85 9.32 to 45.59 585.56 207.45 to 1031.68

Bosnia and Herzegovina 19.96 3.23 to 32.82 553.12 98.29 to 900.96 52.35 9.81 to 92.41 1186.04 234.7 to 2100.25

Bulgaria 98.01 17.25 to 159.39 2563.41 484.79 to 4131.57 181.34 42.79 to 300.82 4102.99 1034.14 to 
6749.72

Croatia 15.36 2.99 to 27.54 361.08 67.40 to 648.47 26.31 4.78 to 50.31 517.68 91.80 to 996.80

Czechia 181.12 32.03 to 297.59 4194.79 811.51 to 6815.73 188.73 37.03 to 322.86 3895.53 825.87 to 6666.43

Hungary 166.23 26.01 to 268.12 3800.34 649.76 to 6118.43 261.40 56.38 to 434.87 5673.18 1347.95 to 
9311.48

Montenegro 4.54 1.20 to 7.34 113.33 30.58 to 180.99 8.96 2.33 to 14.66 203.95 55.29 to 331.89

North Macedonia 10.27 1.86 to 16.96 276.41 53.18 to 451.64 28.16 5.61 to 49.59 679.70 145.98 to 1185.22

Poland 216.91 28.20 to 372.26 5095.47 666.31 to 8742.38 546.23 83.82 to 950.33 11527.70 1787.76 to 
20046.17

Romania 116.09 16.42 to 194.90 3123.81 461.46 to 5221.26 383.92 95.92 to 627.87 8784.83 2367.61 to 
14251.47

Serbia 76.24 11.38 to 131.83 1995.00 319.37 to 3414.82 124.69 16.97 to 220.02 2806.62 406.27 to 4997.03

Slovakia 52.43 8.54 to 86.69 1303.37 227.37 to 2134.07 119.49 28.18 to 201.82 2723.27 656.21 to 4579.18

Slovenia 33.41 11.09 to 54.36 751.17 258.76 to 1223.39 58.85 19.44 to 96.54 1121.96 389.15 to 1857.04

Eastern Europe

Belarus 133.54 41.33 to 201.62 3412.26 1074.16 to 
5114.01

146.30 41.63 to 241.15 3346.68 1023.98 to 
5524.75
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Estonia 30.37 11.47 to 51.31 720.88 274.29 to 1231.3 40.06 15.01 to 68.04 756.67 282.30 to 1336.20

Latvia 53.07 19.49 to 94.90 1269.38 444.72 to 2324.08 59.61 23.08 to 105.42 1169.57 431.45 to 2122.06

Lithuania 61.93 22.74 to 112.36 1499.31 535.39 to 2766.02 84.13 29.44 to 150.31 1673.06 557.78 to 3034.96

Republic of Moldova 45.84 13.45 to 69.43 1264.54 373.2 to 1911.48 53.78 13.70 to 87.43 1347.21 343.81 to 2182.01

Russian Federation 2627.57 911.55 to 
4926.12

65867.39 22350.47 to 
126827.42

2528.51 789.43 to 
3916.69

55378.65 17294.58 to 
86288.18

Ukraine 360.39 42.08 to 626.01 9531.71 1122.4 to 
16437.15

434.32 52.43 to 754.61 11131.07 1400.72 to 
19218.94

Western Europe

Cyprus 4.25 0.86 to 6.88 96.47 20.83 to 152.9 10.95 2.08 to 18.34 227.23 45.61 to 375.83

Greece 82.10 13.14 to 135.31 1725.60 302.24 to 2801.49 159.07 28.01 to 264.30 2892.14 572.77 to 4645.95

Israel 32.40 4.18 to 55.21 698.17 99.64 to 1162 72.97 10.38 to 119.95 1438.25 230.44 to 2339.16

DALYs: Disability-adjusted life years; DHPM-CRC: Colorectal cancer attributable to diet high in processed meat; B and R: The Belt and Road Initiative.

Figure 1 The age-standardized rates of mortality and disability-adjusted life years due to colorectal cancer attributable to a diet high in 
processed meat for the Belt and Road Initiative countries between 1990 and 2019. A: Age-standardized mortality rate (ASMR) in 1990; B: ASMR in 
2019; C: Age-standardized disability-adjusted life years rate (ASDALR) in 1990; D: ASDALR in 2019. DALYs: Disability-adjusted life years.

ASDALR, whereas the Russian Federation exhibited a decrease of 11.87 per 100000. Additional details are provided in 
Supplementary Table 1.

The trends in ASMR and ASDALR for DHPM-CRC from 1990 to 2019 and from 2010 to 2019 in “B and R” countries are 
illustrated in Figure 2. The most rapid decline in ASR for both mortality and DALYs was observed in the Russian 
Federation, Eastern Europe, with AAPC values of -1.58% (95%CI: -1.97% to -1.20%) and -1.99% (95%CI: -2.42% to -1.56%), 
respectively. Conversely, the fastest increase in ASR for mortality and DALYs occurred in Vietnam and Southeast Asia 

https://f6publishing.blob.core.windows.net/1b78c212-a56d-4cf4-a259-2cec8efc3d73/WJGO-16-182-supplementary-material.pdf
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Figure 2 The temporal trend in the age-standardized rates of mortality and disability-adjusted life years of colorectal cancer attributable to 
a diet high in processed meat for 1990-2019 and 2010-2019 in the “Belt and Road Initiative” countries. A: The average annual percent change 
(AAPC) of age-standardized mortality rate (ASMR) from 1990 to 2019; B: The AAPC of age-standardized years lived with disability (YLD) from 1990 to 2019; C: The 
AAPC of age-standardized years of life lost (YLL) from 1990 to 2019; D: The AAPC of age-standardized disability-adjusted life years rate (ASDALR) from 1990 to 
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2019; E: The AAPC of ASMR from 2010 to 2019; F: The AAPC of age-standardized YLD from 2010 to 2019; G: The AAPC of ASMR from 2010 to 2019; H: The AAPC 
of ASDALR from 2010 to 2019. AAPC: Average annual percent change; DALYs: Disability-adjusted life years; YLLs: Years of life lost; YLDs: Years lived with disability.

(mortality: AAPC = 3.70%; DALYs: AAPC = 3.90%; P < 0.001, respectively) from 1990 to 2019. Furthermore, the ASR for 
mortality, YLDs, YLLs, and DALYs in most Maritime Silk Route member countries of “B and R” in Southeast Asia, East 
Asia, South Asia, North Africa, and the Middle East, and Central Europe exhibited a significant increase from 1990 to 
2019 and the final decade (2010-2019) (all P < 0.01). In contrast, the ASR for these measures in most Land Silk Route 
member countries of “B and R” in Central Asia and Eastern Europe experienced a substantial decrease (all P < 0.01). The 
ASDALR for global, high SDI and high-middle SDI countries decreased significantly, whereas those of middle SDI, low-
middle SDI, and low SDI countries increased significantly (all P < 0.01). Further details are available in Supple-
mentary Table 2.

Figure 3 displays the AAPC values of ASDALR for DHPM-CRC in each member country of the “B and R” for males 
and females from 1990 to 2019.

For males, there was a marked increase in the ASDALR in most member countries of the “B and R” in East Asia (1/1), 
Southeast Asia (9/10), South Asia (5/5), North Africa and the Middle East (14/16), Central Europe (11/13), and Western 
Europe (2/3), whereas only individual member countries in Central Asia (2/9) and Eastern Europe (1/7) showed a 
significant increase (all P < 0.01).

For females, a significant increase in ASDALR was observed in the majority of member countries in East Asia (1/1), 
South Asia (5/5), Southeast Asia (9/10), North Africa and the Middle East (10/16), and Central Europe (9/13). However, 
individual member countries in Central Asia (2/9), Eastern Europe (0/7), and Western Europe (0/3) also displayed an 
increase (all P < 0.01).

The ASDALR for both males and females in global, high SDI and high-middle SDI countries decreased significantly, 
whereas those of middle SDI, low-middle SDI, and low SDI countries increased significantly (all P < 0.01) 
(Supplementary Table 3).

Figure 4 illustrates the trends of DALYs rates attributable to DHPM-CRC in various age groups from 1990 to 2019 
among “B and R” countries. The results revealed that the DALYs rate experienced a decreasing trend in all age groups in 
the Russian Federation, Belarus, Czechia, Singapore, and the United Arab Emirates. In contrast, among member countries 
in East Asia (1/1), Southeast Asia (9/10), South Asia (5/5), North Africa and the Middle East (8/16), and Central Europe 
(7/13), the DALYs rate showed an increasing trend in all age groups (all P < 0.01). For individuals aged 15-49 years and 
50-74 years, the DALYs rate displayed a decreasing trend in Central Asian countries such as Armenia, Kazakhstan, 
Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan, as well as in Maldives in Southeast Asia, Slovenia in Central Europe, 
and Eastern European countries including Estonia, Latvia, and Lithuania (all P < 0.01). However, for people aged 15-49 
years in global and high SDI countries, the DALYs rate showed no significant trend (all P > 0.05). For individuals aged 75 
years or older, the AAPC values of the DALYs rate indicated an increasing trend in most member countries of the “B and 
R”. Nonetheless, the AAPC values in Bahrain, Slovenia, Moldova, Ukraine, and Greece exhibited considerable variation 
with no statistical significance. Refer to Supplementary Table 4 for more details.

DISCUSSION
Processed meat is a rich source of saturated fats and heme iron for humans. Countries with low meat production often 
rely on international trade to meet domestic meat demand, and processed meat is an essential component of this meat 
product trade owing to its easy preservation and transportation[14]. However, with increasing globalization and growing 
economies, residents with improved purchasing power are meeting their meat demand satisfactorily. Driven by the 
concept of an omnivorous diet, higher meat consumption has been observed in such residents with improved purchasing 
power compared with that has been observed in their peers, larger families, and people driven by the thought of a 
positive moral cognition towards meat consumption; the former often tend to overconsume meat, exceeding amounts 
recommended by the World Health Organization (WHO)[21]. DHPM, including bacon, hot dogs, salami, sausages, or 
processed turkey, may increase the risk of cancers, including CRC[22]. The European Prospective Investigation into 
Cancer and Nutrition has shown a correlation between DHPM and CRC risk[23]. Additionally, a meta-analysis has 
shown that DHPM increases cancer risk by 57%, and for every 50 g/d increase in processed meat consumption, cancer 
risk increases by 72%[24]. Moreover, multiple studies have shown that DHPM is positively correlated with breast cancer, 
colon cancer, CRC, rectal cancer, and lung cancer risk[15,25,26]. Processed meat products are the major dietary sodium 
source for populations in developed countries, accounting for approximately 20% of the total sodium intake for the 
general population[27]. Excessive sodium intake markedly increases blood pressure as well as increases the risk of 
cardiovascular diseases and tumors[28]. Additionally, some of the byproducts produced during meat processing are toxic 
and harmful to humans. These byproducts affect the living environment, and if not treated properly, they can cause 
pollution, ultimately entering human food and damaging human health. Carcinogenic studies on processed meat have 
shown that processed meat, including cured and smoked products, can produce carcinogens such as N-nitroso 
compounds (NOCs) and polycyclic aromatic hydrocarbons (PAHs)[29]. NOCs and animal-derived products containing 
antibiotics can affect the gut microbiota by affecting the adhesion of microorganisms to colonic cells, inhibiting tumor 
suppressor genes, activating oncogenes and genetic toxicity, and activating downstream targets of angiogenesis[29,30]. 
PAHs may cause cancer by forming DNA adducts and interfering with cell apoptosis[31]. Heme iron in processed meat 

https://f6publishing.blob.core.windows.net/1b78c212-a56d-4cf4-a259-2cec8efc3d73/WJGO-16-182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1b78c212-a56d-4cf4-a259-2cec8efc3d73/WJGO-16-182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1b78c212-a56d-4cf4-a259-2cec8efc3d73/WJGO-16-182-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/1b78c212-a56d-4cf4-a259-2cec8efc3d73/WJGO-16-182-supplementary-material.pdf
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Figure 3 The temporal trend in the age-standardized disability-adjusted life years rate of colorectal cancer attributable to a diet high in 
processed meat, as stratified by gender for 1990-2019 in the “Belt and Road Initiative” countries. A: The average annual percent change (AAPC) 
of age-standardized disability-adjusted life years rate (ASDALR) in men; B: The AAPC of ASDALR in women. DALYs: Disability-adjusted life years.

Figure 4 The temporal trend in the disability-adjusted life years rate of colorectal cancer attributable to a diet high in processed meat, as 
stratified by age for 1990-2019 in the “Belt and Road Initiative” countries. A: The average annual percent change (APPC) of disability-adjusted life 
years (DALYs) rate in people aged 19-50 years; B: The AAPC of DALYs rate in people aged 50-74 years; C: The AAPC of DALYs rate in people aged ≥ 75 years. 
DALYs: Disability-adjusted life years.

induces cytotoxicity, promotes epithelial cell apoptosis and proliferation, induces lipid peroxidation, generates free 
radicals and DNA adducts, and catalyzes NOC formation, thereby promoting carcinogenesis[32]. Persistent organic 
pollutants accumulated in animal fat cells may adversely affect the endocrine pathway and increase the risk of various 
chronic diseases, including CRC[33]. Increased DHPM is correlated to increased plasma concentrations of biomarkers 
related to oxidative stress and inflammation, including C-reactive protein[34]. Additionally, many times livestock raised 
for consumption is treated with carcinogenic estrogen hormones such as estradiol-17β to promote growth, and some 
estrogen metabolites may result in free radical formation, epigenetic and inflammatory changes, immune and genetic 
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toxicity, and hyperprolactinemia. Thus, consuming the meat of such hormone-treated animals may induce or promote 
carcinogenesis[15].

Recent studies have suggested that the “B and R” countries, which account for most new cases and deaths from CRC 
worldwide, may see a continued increase in the disease burden in the near future. Therefore, quantifying the DHPM-CRC 
burden and monitoring its trends are imperative[2,35]. Along with controlling recommended DHPM amounts, the “B and 
R” countries should cooperate to improve processed meat quality and reduce carcinogen levels by improving meat 
processing techniques, sharing efficient ecological solutions for processing processed meat by-products, developing new 
biodegradable plastics to avoid environmental pollution and secondary contamination, and rationally using inedible fats
[28]. A Polish study showed that compared with similar European products, their unique cold cuts, sausages, and ham 
produced using special techniques contained higher levels of essential amino acids and micronutrients, tasted better, and 
were an important dietary source of balanced monounsaturated fatty acids for their residents[36]. Additionally, factors 
affecting nutrition quality, animal welfare, beliefs, chemical and biological hazards, and fraud may affect consumer 
perception regarding meat product safety[36]. An Italian study indicated that reducing meat consumption, especially in 
industrialized countries, is crucial for reducing health issues, and they found that two health framework prompts, namely 
societal impact and the individual impact of overconsumption, were more readily accepted by women, respondents with 
children at home, and individuals with lower perceived health status than others[21].

Most findings on the relationship between processed meat and CRC have been reported by studies conducted in 
developed countries, which have taken early measures to address the issue. For instance, the World Cancer Research 
Fund and the American Institute for Cancer Research have proposed dietary guidelines to restrict or avoid the 
consumption of red and processed meat in order to reduce cancer risk, and the American Cancer Society has issued 
dietary guidelines for the same, which has helped to reduce the burden of CRC over the years[37]. In Europe, the ASMR 
for CRC decreased by 16.9% (1990, 22.4/100000; 2019, 18.6/100000), and the ASDALR decreased by 18.6% (1990, 472.9/
100000; 2019, 385.1/100000) from 1990 to 2019[38]. In Japan, the ASDALR showed a downward trend for CRC from 1990 
to 2019, whereas CRC incidence and mortality rates in the United States have been decreasing slowly since 1985[39,40]. 
The present results indicated that the ASR mortality rate and DALYs of patients with CRC in the global, high SDI, and 
medium-high SDI countries have been decreasing at an annual rate of more than 1% from 1990 to 2019, which supports 
the previous results. Therefore, leveraging the experience of countries with a higher SDI on a global scale regarding CRC 
prevention and control and the internal coordination and cooperation among international organizations can help curb 
the increasing DHPM-CRC burden in most “B and R” countries, and this can serve as a model of cooperation for CRC 
prevention and control in low, medium-low, and medium SDI countries worldwide[41].

The results indicated that the DHPM-CRC burden on the “B and R” countries in 2019 was positively correlated with 
their population size. However, compared with DHPM-CRC DALYs in 1990, those in 2019 have decreased by 15.92% in 
Russia, whereas have increased by 6-7 times in Saudi Arabia and Qatar, which is consistent with the trend of the CRC 
burden in these countries[7,42]. The reasons behind these observations may be that the healthcare system in Russia, 
which was previously supported by Soviet tax subsidies, has adopted mandatory health insurance since 1990, providing 
more funding for national health projects, and Russia has implemented measures for the early diagnosis of CRC during 
this period, including population screening, adenoma removal, treatment, and the widespread use of aspirin[43]. 
Lifestyle choices such as red meat consumption, sedentary lifestyles, and increased calorie intake contribute to the CRC 
incidence increase in Saudi Arabia[44]. Despite the significant investments in healthcare, sufficient attention has not been 
paid to predictive diagnosis and targeted prevention. Despite the availability of sufficient finances, Qatar has low 
awareness regarding CRC prevention and treatment among residents, and reluctance towards screening and a lack of 
reminders from healthcare providers are some other screening barriers[45].

The present results showed that “B and R” countries in Central Europe had high DALYs for DHPM-CRC and showed 
highly increased incidence and mortality rates. The reason may be that these countries are both major meat-producing 
and high meat-consuming countries, with daily per capita intake exceeding the recommended amount by the WHO[46]. 
Conversely, the increased CRC incidence in Central European countries (such as the Czech Republic and Croatia) may be 
attributed to the Westernized lifestyle characterized by obesity and lack of exercise[47]. However, Poland proposed and 
vigorously implemented a national cancer control program around 2005, including free screening colonoscopy for early 
CRC detection, through which Polish residents could undergo CRC screening and receive effective treatment (including 
radiotherapy)[48]. Croatia launched a national cancer screening program in 2007 to actively address the challenges of the 
increasing burden of CRC[49]. The decrease in CRC incidence of some developed countries has been attribute to 
screening, which can detect polyps that can be removed before they become cancerous. Therefore, future attention should 
be focused on the many regions with a growing and aging population and an increasingly westernized lifestyle[2]. For 
example, a CRC screening program using the fecal immunochemical test was recently piloted in Thailand and China 
Shanghai, proved that CRC screening is also effective in controlling the rising CRC incidence rate in the “B and R” 
countries[50,51].

The present results showed that, unlike the global trend of decline, the ASDALR of DHPM-CRC in most “B and R” 
countries in Asia, North Africa, and the Middle East increased, which could be attributed to economic development in the 
countries. CRC occurrence is strongly correlated with economic levels, and these countries experienced economic 
transformation from 1990 to 2019[52]. During this period, significant changes were observed in the living environment 
and lifestyle of the residents, with a tendency towards Westernization and decreasing physical activity[3,53].

Additionally, the results showed gender differences in the ASR mortality and DALYs for DHPM-CRC in the “B and R” 
countries. Differences were observed in the overall burden of CRC between men and women[7,54]. In China in 2020, the 
ratio of newly diagnosed cases of CRC between men and women was 1.35:1, and the ratio of deaths between men and 
women was 1.36:1[14]. Moreover, differences were observed in dietary habits between men and women. Women were 
more likely to take health education and pay attention to the effect of several factors on meat quality and reduce 
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processed meat intake as needed[36,42]. Additionally, in Greece, Cyprus, and Lithuania, the ASDALR for men increased, 
whereas that for women decreased, which may be attributed to the higher coverage rate of CRC screening and 
colonoscopy response rate among women in these high or high-middle SDI countries[55,56].

Age differences were observed for the ASDALR of DHPM-CRC in the “B and R” countries. Inconsistencies were 
observed in the disease burden on people aged 50 and above in high and high-middle SDI countries, where the burden 
decreased, whereas in the middle, low-middle, and low-SDI countries, the burden increased across all age groups. 
However, in three high SDI Eastern European countries, namely Estonia, Latvia, and Lithuania, the DALY rate of DHPM-
CRC among residents aged 75 and above increased significantly. In seven Central Asian countries, namely Armenia, 
Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, Uzbekistan, Afghanistan, and Syria, the DALY rates 
decreased among residents aged 50-74 years. Similarly, in five Central Asian countries namely Armenia, Kazakhstan, 
Kyrgyzstan, Tajikistan, Uzbekistan, and the Maldives, the DALY rates decreased among residents aged 15-49 years. These 
differences were observed because of the varying degrees of dietary changes among residents of different ages in 
different countries and different CRC screening strategies. In Kazakhstan, after implementing the CRC screening 
program, the incidence rate in residents over 70 years old increased by 16.0 per 100000, whereas that in the 65-69 age 
group increased by 23.3 per 100000[30].

The present visual analysis results showed differences in the trend of DHPM-CRC burden between the Maritime Silk 
Route and the Land Silk Route along the “B and R” countries. Significant differences were observed even after adjusting 
for year ranges (1990-2019 vs. 2010-2019), gender (male vs. female), and age groups. The ASR mortality rate, YLLs, YLDs, 
and DALYs in most Maritime Silk Route countries increased, whereas those in most inland countries associated with the 
Land Silk Road decreased. These changes may be attributed to economic globalization, where coastal countries have 
exhibited higher economic growth rates and the dietary patterns of their residents have shifted towards high meat intake, 
similar to residents in high and high-middle SDI countries. This has increased the CRC burden caused by processed meat 
consumption. Inland countries are generally high meat producers and consumers, and through trade, they have 
expanded their diverse diets. Additionally, these countries have benefited from increased CRC screening, which has 
effectively reduced the CRC burden caused by processed meat consumption[7,40,56,57].

The strength of this study is that it analyzed the DHPM-CRC burden from the perspective of the organization of the “B 
and R” countries with long-term political and economic ties. It focused on the DHPM-CRC burden from the perspective 
of the horizontal strong link of trade and analyzed the differences between countries and their respective SDI levels 
through the vertical sinking of experience. Additionally, the study investigated the potential benefits of controlling 
DHPM quantity and quality in the context of regional cooperation and high-quality trade development, thus taking an 
initiative to establish cooperation and coordination between countries with similarities in health-related aspects.

Nevertheless, the study has some limitations. First, it is based on the secondary analysis of the GBD2019 data; 
therefore, we could not avoid the inherent limitations of all GBD studies. Second, the analysis of the trends of DHPM-
CRC mortality, YLDs, YLLs, and DALYs in 66 Belt and Road countries during 1990-2019 according to the actual join 
points generated redundant information; thus, we referred to the literature on cancer statistics to analyze the trends 
observed in the entire period and the last decade[2].

CONCLUSION
In conclusion, unlike general global studies, a quantitative and in-depth analysis focusing on the DHPM-CRC burden 
helped clarify the effect of a single factor (processed meat consumption) on the CRC burden. Additionally, international 
organizations that have strong links in the context of meat trade and consumption are excellent samples for investigating 
the reduction of the disease burden. We found differences in socioeconomic levels, genders, and ages regarding the 
DHPM-CRC burden in the “B and R” countries. Additionally, targeted cooperation among the “B and R” countries was 
possible with respect to CRC prevention and control, especially regarding the different development trends of the disease 
burden among countries within the same organization. The study provides new perspectives on CRC prevention and 
control.

ARTICLE HIGHLIGHTS
Research background
Currently, the research on the burden of colorectal cancer (CRC) mainly focuses on the trend analysis of incidence and 
mortality rates, with only a few in-depth studies on the disability-adjusted life years (DALYs) caused by risk factors, 
especially in the context of global aging and the lack of cooperation to achieve a community of shared future.

Research motivation
It is crucial to clarify the contribution of risk factors to the burden of CRC in developing countries with rapid aging rates 
toward enhancing regional cooperation, strengthening control of risk factors, and developing effective intervention 
measures for cancer screenings.
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Research objectives
In this study, we employed DALYs in the Global Buden of Disease 2019 (GBD 2019) study to analyze the magnitude and 
variations of diet high in processed meat-induced CRC (DHPM-CRC) burden in different gender and age groups, as well 
as to explore the relevant evidence-based policies and interventions in the Belt and Road Initiative (“B and R”) countries 
so as to provide a reference for precision-coordinated prevention and control of CRC.

Research methods
The absolute numbers and age-standardized mortality rates (ASMR) and age-standardized DALYs (ASDALR) for 
DHPM-CRC were calculated. For the estimated metrics, the 95% uncertainty interval was reported, which was calculated 
by extracting each number 1000 times from the posterior distributions by using the 2.5th and 97.5th order of the uncertainty 
distribution. ASMR and ASDALR were estimated using a global age structure in 2019 and divided by age into 5 groups: < 
15 years, 15-49 years, 50-74 years, and ≥ 75 years. The regional data were stratified by social development index (SDI) (as 
high-, high-middle, middle-, low-middle, and low-), which is a composite indicator of a country’s lag-distributed income 
per capita, educational attainment, and the total fertility rate in women aged < 25 years. The methods of SDI development 
and computation are detailed elsewhere. The trends of DHPM-CRC’s burden from 1990 to 2019 were assessed by the join 
point regression software (version 4.9.0.0. March 2021) by using the 95% confidence intervals for the identified trend 
segment. In addition, we evaluated the average annual percent change (AAPC) of ASDALR for DHPM-CRC in gender 
and age. Meanwhile, we compared the changes in AAPC of burden in DHPM-CRC from 1990 to 2019 or from 2010 to 
2019. The relationship between AAPC and increasing/decreasing trend or stability and the map visualization are detailed 
elsewhere. P < 0.05 was considered to indicate statistical significance.

Research results
The results indicated that: (1) The burden of DHPM-CRC in “B and R” countries in 2019 was positively correlated with 
the population size; (2) the “B and R” member countries in Central Europe not only exhibit high DALYs of DHPM-CRC 
but also a large increase in these rates; (3) there are gender differences in the ASR mortality and DALYs of DHPM-CRC in 
“B and R” countries; (4) there are age differences in the ASDALR of DHPM-CRC in countries along the “B and R” 
countries; and (5) differences were detected in the trend of DHPM-CRC burden between the Maritime Silk Route and the 
Land Silk Route along the “B and R” countries.

Research conclusions
Unlike the general global studies, a quantitative and in-depth analysis focusing on the burden of DHPM-CRC helped 
clarify the impact of a single factor on the burden of CRC, and international organizations with strong links based on this 
factor are excellent samples for exploring the reduction of disease burden. We noted socioeconomic level, gender, and age 
differences in the burden of DHPM-CRC in “B and R” countries, thus making targeted cooperation in CRC prevention 
and control among “B and R” countries possible, especially considering the different development trends of disease 
burden among countries within the same organization to provide fresh perspectives on CRC prevention and control 
research.

Research perspectives
In this study, we employed DALYs in the GBD 2019 to analyze the magnitude and variations of DHPM-CRC burden in 
the gender and age groups and explore the relevant evidence-based policies and interventions in the “B and R” countries 
so as to provide a reference for precision coordinated prevention and control of CRC.
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