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Summary

Background The burden of cardiovascular diseases (CVDs) is on the rise in China, yet a comprehensive and sys-
tematic understanding of the temporal trends and distribution of CVD burden attributable to dietary factors across
the provinces remains elusive. This study endeavors to provide a comprehensive depiction of the burden of CVDs
attributable to dietary risk factors across China’s geographical regions from 2002 to 2018.

Methods Data from the China National Nutrition Surveys, the China Chronic Disease and Risk Factor Surveillance,
the Hypertension Survey, and the Chinese Centre for Disease Control and Prevention cause-of-death reporting
system were used to estimate the intake of dietary factor, the number of deaths, and disability-adjusted life years
(DALYs), mortality rate, for ischemic heart disease (IHD), ischemic stroke (IS), hemorrhage and other stroke
(HOS) attributable to dietary factors at national and provincial levels in China from 2002 to 2018. Using a
comparative risk assessment approach, we estimated the proportion of CVDs burden attributable to suboptimal
intake of seven dietary factors, both individually and collectively, among Chinese citizens aged 20 years or older.

Finding The mean consumption of whole grains, soybeans, nuts, vegetables, fruits, red meat, and sugar-sweetened
beverages (SSBs) exhibited an upward trend from 2002 to 2018. However, with the exception of red meat and
SSBs, the average intake remained below the levels recommended levels outlined in the Chinese national dietary
guidelines. Inadequate fruit, whole grain, and vegetables intake were the leading dietary risk factors for IHD, IS
and HOS in China, while nuts, soybean and SSB were only associated with IHD mortality. From 2002 to 2018,
the number of deaths and mortality rate for CVDs attributable to suboptimal diet among Chinese males were
greater than that of females. With increasing age, the diet-related mortality rate for CVDs increased substantially.
In 2018, the nationwide mortality rate attributable to diet was found to be 77.9 (95% UI, 77.5-78.1) per 100,000
population for IHD, 34.1 (95% UI, 33.8-34.2) for IS, and 32.8 (95% UI, 32.4-32.8) for HOS. Suboptimal diet was
responsible for 16.0 million (95% UI, 13.8-18.4) DALYs and 1137.1 (95% UI, 980.4-1312.3) DALYs per 100,000
population for stroke, and 13.9 million (95% UI, 11.8-16.3) DALYs and 990.2 (95% UI, 841.2-1158.6) DALYs for
IHD. Across the provinces of China, in 2018, the highest age-standardized mortality rates of all diet-related deaths
were observed in Shandong (92.8 [95% UI, 89.9-93.3]) for IHD, Heilongjiang (38.1 [95% UI, 36.2-38.8]) for IS,
and Tibet (68.3 [95% UI, 65.0-70.1]) for HOS. The highest diet related DALYs were observed in Henan (1.4
million [95% UI, 1.2-1.6] for IS, and 1.3 million [95% UI, 1.1-1.5] for IHD).
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Interpretation This study provides a comprehensive picture of the geographic variation and temporal trends of the
burden of CVDs attributable to dietary risk factors at the national and provincial levels from 2002 to 2018 in China,
highlighting the need for geographically targeted intervention strategies to improve the quality of diet and reduce the

diet-related burden of CVDs.

Funding National Key Research and Development Program of China (2018YFC1315303), National Natural Science

Foundation of China (82103966).

Copyright © 2023 The Authors. Published by Elsevier Lid. This is an open access article under the CC BY-NC-ND
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Research in context

Evidence before this study

We searched PubMed, Embase, Web of Science, and Google
Scholar for articles published up to October 31, 2022, using a
combination of the following terms: (“dietary risk factors” OR
“diet” OR "food” OR “nutrition”) AND (“cardiovascular
disease” OR “heart disease” OR “stroke”) AND (“death” OR
“mortality” OR “burden”) AND (“China” OR “Chinese”), with
the language restricted to English and Chinese. Previous
studies, including our own previous publications, has
demonstrated that dietary factors were one of the leading
behavioral risk factors for morbidity, mortality and the burden
of cardiovascular disease associated with the dietary transition
in China. However, these studies had limitations, such as non-
representative samples or a failure to consider the diet-related
burden of different types of cardiovascular disease. Given the
substantial heterogeneity in cardiovascular disease burden
across the 31 provinces of mainland China over time, it is
necessary to conduct a comprehensive assessment of the
burden of diet-related cardiovascular disease over an extended
period of time at both national and provincial levels.

Added value of this study

We employed a unified definition of dietary factors and
utilized nationally representative individual-level dietary data
to comprehensively estimate the burden of cardiovascular
diseases deaths related to suboptimal diet among Chinese
citizens from 2002 to 2018. Nationally, the diet-related

Introduction

Cardiovascular diseases (CVDs), primarily ischemic
heart disease (IHD), hemorrhagic stroke and ischemic
stroke (IS), are the leading cause of death in China,
accounting for 43.0% of total deaths and 24.1% of total
disability-adjusted life years (DALYs) for both genders
combined in 2019." The estimated number of CVDs
deaths in China rose from 3.1 million in 2005 to 4.6
million in 2020, and the burden of CVDs-related pre-
mature remained high.” Diet plays an essential role
among the many known risk factors for CVDs.’ In the
past decades, efforts have been made to clarify the link

cardiovascular disease mortality rate increased for ischemic
heart disease and ischemic stroke from 2002 to 2018. In
recent years, suboptimal diet was responsible for 16.0 million
disability-adjusted life years (DALYs) for stroke and 13.9
million DALYs for ischemic heart disease. There were notable
geographical variations in the burden of cardiovascular
disease and its subcategories attributable to suboptimal diet
across the provinces of China. In 2018, the highest age-
standardized mortality rates of all diet-related deaths were
observed in Shandong for ischemic heart disease,
Heilongjiang for ischemic stroke, and Tibet for hemorrhage
and other stroke. The highest diet related DALYs were
observed in Henan for both ischemic heart disease and
ischemic stroke. The number of deaths and mortality rate for
CVDs attributable to suboptimal diet were higher in male
than that in female among Chinese from 2002 to 2018.
Additionally, diet-related mortality rate for CVDs increased
substantially with the increasing age.

Implications of all the available evidence

Suboptimal diet remains an important risk factor for
cardiovascular disease in China. The geographic variation and
temporal trends of the burden of different cardiovascular
disease categories attributable to dietary risk factors observed
emphasize the need for geographically targeted intervention
strategies aimed at improving the quality of diet and reducing
the diet-related burden of cardiovascular disease.

between dietary and CVDs.*'? Globally, suboptimal diet
is the one of the leading behavioral factor of mortality,
and optimal diets are believed to be an effective and
modifiable lever for reducing the burden of CVDs."*™*
Due to the complexities of characterizing dietary
consumption across different countries, and the transi-
tions of dietary and demographic in China over the past
several decades, the majority of existing results pertain
to populations from other countries.””" According to
previous study, in 2017, among the world’s 20 most
populous countries, China had the highest age-
standardized rates of diet-related cardiovascular
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disease deaths.” In recent years, there is a growing
emphasis on addressing the burden of diet-related
CVDs in China. In addition, geographical patterns for
the burden of total CVDs and their subcategories over
time were observed to be markedly heterogeneity,>'*"”
whereas there was limited evidence for a comprehen-
sive assessment of the temporal trend in the burden of
diet-related CVDs at the provincial level. Knowledge of
the burden of CVDs attributable to dietary risks at the
province level will provide government and policy
makers insight in framing health-care policies and
implementing effective disease prevention strategies for
CVDs at both national and provincial levels.

Therefore, the aim of this study is to comprehen-
sively depict the burden of CVDs attributable to
different dietary risk factors in the geographical profile
across China from 2002 to 2018.

Methods

Study design and participants/overview

The analysis and findings regarding dietary intake pre-
sented in this study were derived from three national
representative surveys: the China National Nutrition
Surveys (CNNS)," the China Chronic Disease and Risk
Factor Surveillance (CCDRFS)" and the China Hyper-
tension Survey (CHPS).” The data sources for the year
2002 were CNNS, for the year 2010 and 2015 were
CNNS, CCDRFS and CHPS, and for the year 2018 were
CCDREFS. Stratified and multi-stage cluster random
sampling was used for all three surveys. We ensured the
quality of the data by conducting a standardized training
of investigators who have extensive experience in dietary
investigations and have conducted epidemiological in-
vestigations for many years. For this analysis, we
restricted the study sample to adults aged 20 years or
older with food consumption information. Mortality
data were obtained from the Chinese Centre for Disease
Control and Prevention cause-of-death reporting sys-
tem."”??? All data utilized in this study were aggregated
and did not have personally identifiable information. A
comprehensive description of the design and data
sources has been reported elsewhere®” and is sum-
marized in Appendix 2 (pp 1-2).

Estimating food consumption

The food frequency questionnaire (FFQ) was used to
collect dietary information, as described in detail previ-
ously.”" Intake was treated as a continuous variable and
expressed in grams (g) per person per day. Fourteen
dietary risk factors were initially selected in the analysis,
including refined grain, whole grain, tuber, soybean,
nuts, total vegetable, fruit, red meat, red meat product,
total dairy, low fat dairy, egg, fish, sugar-sweetened
beverages (SSB). We selected whole grain, soybean,
nuts, vegetable, fruit, red meat, and SSB from the 14
dietary risk factors associated with CVDs though pooled
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prospective cohort studies conducted in the global
burden of disease (GBD) study. Linear model was used
to interpolate the absent data for whole grains, soybeans
and nuts intake in 2018.

Definitions of disease categories

Deaths and mortality from CVDs subcategories were
classified based on the International Classification of
Disease 10th revision (ICD-10). In this study, IHD in-
cludes diseases coded as 120-125.9, IS includes diseases
coded as 163-163.9, 165-166.9, 167.2-167.3, 167.5-167.6,
169.3, hemorrhage and other stroke (HOS) includes
diseases coded as 160-162.9, 167.0-167.1, 168.1-168.2,
169.0-169.2.

Statistical analysis

To quantify the CVDs burden attributable to dietary risks,
the number of deaths, age-standardized rate (ASR), pop-
ulation attributable fraction (PAF), and disability-adjusted
life years (DALYs) and annual change were adopted. Age-
standardized PAF mortality rates and DALYs rates were
calculated based on the standard population in 2010
census data constructed by the National Bureau of Sta-
tistics. We estimated the PAF for individual components
and the overall effect of all dietary factors relevant to each
outcome based on the following formulas*'*:

m

fm RR(x)P(x)dx—J RR(x)P (x)dx
x=0

x=0

PAF = =
J RR(x)P(x)dx
x=0

PAF, =1-]] (1- PAF)

where RR(x) stands for the relative risk of cause-specific
mortality at exposure level x, P(x) stands for the popu-
lation distribution of exposure, P'(x) stands for the
counterfactual distribution of exposure, m stands for the
maximum exposure level, i stands for the specific risk
factor, and n stands for the total number of risk factor.
The annual change based on the formula:

1
annual change = (%)n— 1, where final stands for the

food intake of the ending year, start stands for the food
intake of the start year, and » stands for the number of
years. The numbers of deaths, PAFs, mortality rates, and
DALYs for each of the causes of cardiovascular disease
attributable to suboptimal diet were computed by age,
sex, year, and province. Consistent with previous
research in China,”* this study categorizes the 31
provinces into five health areas. Health area one includes
provinces (Beijing, Shanghai, Tianjin, and Zhejiang)
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with lowest mortality and high life expectancies; health
area two includes provinces (Fujian, Guangdong,
Hainan, Hubei, Hunan, and Jiangsu) with relatively high
life expectancy and the lowest mortality rates due to
CVDs but higher mortality rates due to cancer or COPD;
provinces in health area three (including Anhui, Hebei,
Heilongjiang, Henan, Inner Mongolia, Jilin, Liaoning,
Ningxia, Shaanxi, Shandong, and Shanxi) are character-
ized by middle life expectancy and higher levels of
mortality due to CVDs; provinces in health area four
(including Chongqing, Gansu, Jiangxi, Sichuan, and
Yunnan) have lower than average life expectancy but low
mortality from CVDs and high mortality from COPD;
health area five (including Guangxi, Guizhou, Qinghai,
Tibet, and Xinjiang) has low average life expectancy and
high mortality.

The uncertainty of parameters was estimated using
the Monte Carlo simulation method. All calculations
were repeated 1000 times using one draw of each
parameter at each iteration, assuming that the distri-
bution of the food intake and the mortality rate data
were normal based on the central limit theorem.>~°

All statistical analyses were performed using SAS
software 9.4 (SAS Institute Inc., Cary, NC, USA), unless
otherwise stated. Graphs were plotted using GraphPad
Prism version 9 for Windows (San Diego, California,
USA). The uncertainty interval was estimated using
@RISK 8.1 (Palisade Corp., Ithaca, NY).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all data in the study and had final responsibility
for the decision to submit for publication.
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Results

Consumption of major foods, 2002-2018

The average daily food intake varied by province and
year (Fig. 1, Supplementary Table S1). In 2018, the
average intake of whole grain was 21.2 g/d, varied from
3.7 g/d (Hunan) to 56.0 g/d (Hebei) by the provinces;
vegetable intake was 390.1 g/d, varied from 286.3 g/
d (Inner Mongolia) to 546.5 g/d (Hubei); and fruit
intake was 114.1 g/d, varied from 76.8 g/d (Hainan) to
206.9 g/d (Tianjin). The average intake of red meat,
soybeans, nuts, and sugar-sweetened beverages (SSB) by
the provinces in 2018 ranged from 31.3 g/d (Shaanxi) to
341.6 g/d (Tibet), 4.1 g/d (Tibet) to 24.1 g/d (Shanxi),
5.1 g/d (Hainan) to 26.8 g/d (Xinjiang), and 12.2 g/
d (Shanxi) to 67.0 g/d (Tibet), respectively
(Supplementary Table S1).

The average intake of these foods increased from
2002 to 2018 (Fig. 1), but with the exception of red meat
and SSB, most of them are still below the Chinese na-
tional dietary recommendations. The disparities be-
tween current and optimal intake were widest for whole
grains and fruits, with mean consumption at
14.1%~42.4% and 32.6%~57.1% of the optimal levels,
respectively. Compared to 2002, the average intake of
nuts was increased by 407.1%, soy by 238.1%, red meat
by 134.3%, fruits by 93.7%, vegetables by 48.6%, whole
grains by 35.0%, and SSB by 16.1% in 2018.

Population attributable fraction of CVDs mortality
to selected foods, 2002-2018

Inadequate intake of fruit, whole grains, and vegetables
intake were the primary dietary risk factors for ischemic
heart disease, ischemic stroke, hemorrhage, and other
stroke; low intake of nuts and soybean, and high intake
of SSB were only associated with THD mortality in
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Fig. 1: Consumption of foods selected among Chinese adults in 2002, 2010, 2015, and 2018.
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China (Fig. 2). In 2018, diet low in fruits was the first
leading dietary risk factor for IS and HOS, with
respective PAFs of 18.1% and 25.2%, respectively, fol-
lowed by diet low in whole grains (IS: 13.4%, HOS:
18.7%). While low whole grain intake was the first
leading dietary risk factors for IHD and was associated
with a PAF of 21.8% in 2002, it was associated with a
PAF of 18.9% in 2018; and lower nuts intake was the
second dietary risk factors for IHD and was associated
with a PAF of 18.0% in 2002 and 13.7% in 2018. From
2002 to 2018, the population fraction of cardiovascular
diseases mortality attributed to diet low in whole grains,
fruits, vegetables, nuts, soybean, and diet high in SSB
decreased, with the exception of diet high in red meat.
In 2002, the population fraction of IHD and IS mortality
attributed to diet high in red meat was 3.0% and 2.2%,
respectively; by 2018, these proportions had increased to
5.4% and 4.6%, respectively.

Overall impact of diet on the burden of CVDs in
2002-2018 across China and its province

In 2018, diet related IHD deaths (827,474) were highest
among CVDs followed by IS (365,475), and HOS
(351,905). The diet-related mortality rate was 77.9 (95%
UI, 77.5-78.1) per 100,000 population for IHD, 34.1
(95% UI, 33.8-342) for IS, and 32.8 (95% UI,
32.4-32.8) for HOS, respectively (Fig. 3). Suboptimal
diet was responsible for 16.0 million (95% UI,
13.8-18.4) DALYs and 1137.1 (95% UI, 980.4-1312.3)

DALYs per 100,000 population for stroke, and 13.9
million (95% UI, 11.8-16.3) DALYs and 990.2 (95% UI,
841.2-1158.6) DALYs for IHD.

The number of deaths and mortality rate for IHD, IS
and HOS attributable to suboptimal diet were all higher
in male than female among Chinese from 2002 to 2018.
The diet-related mortality rate for IHD, IS and HOS
increased substantially with the increasing age, which
was 3.2 (95% UI, 2.8-3.4) for IHD, 0.2 (95% UI,
0.1-0.3) for IS and 1.4 (95% UI, 1.2-1.6) for HOS at age
20-25 years, to 1483.4 (95% UI, 1482.9-1489.6) for
IHD, 488.6 (95% UI, 486.1-490.1) for IS and 301.7
(95% UI, 300.6-303.7) for HOS among Chinese adults
aged order than 80 years (Fig. 4).

Across the provinces of China, in 2018, the highest
age-standardized mortality rates among Chinese adults
aged 20 years or older attributable to suboptimal diet
were observed in health area three for both IHD and IS.
Shandong and Heilongjiang had the highest age-
standardized mortality rates and diet-related deaths for
IHD and IS, with 92.8 [95% UI, 89.9-93.3] deaths and
38.1[95% UI, 36.2-38.8] deaths per 100,000 population,
respectively. High HOS age-standardized mortality rates
attributable to suboptimal diet were observed in health
areas five and four, with the highest diet attributable
age-standardized mortality rates found in Tibet (68.3
[95% UI, 65.0-70.1]). The lowest age-standardized
mortality rates of all diet-related deaths among Chi-
nese adults (aged 20 years or older) were observed in
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Fig. 2: Proportion of cardiovascular diseases mortality attributed to selected foods among Chinese adults in 2002, 2010, 2015, and 2018.
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Tibet (26.5 [95% UI, 24.4-27.5]) for IHD, Qinghai (11.6 The diet-related mortality rates for IHD increased in
[95% UI, 11.6-13.9]) for IS, and Shanghai (6.1 [95% UI, the majority of provinces except for Tianjin, Xinjiang,
5.9-7.3]) for HOS, respectively (Table 1). Yunnan, Shaanxi, Guizhou, Guangxi, Hebei, Hainan,
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in 2018.
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IHD IS HOS CVDs
2002 2018 Annual 2002 2018 Annual 2002 2018 Annval 2002 2018 Annual
change change change change
(%) (%) (%) (%)
Health area one
Shanghai 35.6 (347, 40.6) 503 (47.8,51.3) 219  25.0 (23.2,27.8) 212 (19.9,22.1) -1.02 122 (103,13.6) 6.1(5.9,73) -4.24 72.9 (72.1, 80.2) 77.7 (75.5, 80.1) 0.40
Tianjin 122.9 (116.1, 128.7) 64.0 (62.3, 66.3) -4.00  41.4 (35.9, 42.8) 259 (24.6, 27.1) -2.88 373 (35.8, 42.8) 12.8 (12.0, 13.7) -6.45 201.6 (191.7, 207.0) 102.7 (101.2, 106.0) -4.13
Zhejiang 51.9 (50.6, 56.8) 332 (30.9, 33.4) -275 205 (19.0,23.1) 23.3 (22.7,24.9) 0.80 39.0 (35.8, 413) 16.4 (14.5, 16.4) -528 111.4 (1101, 119.4)  72.9 (71.0, 74.8)  -2.62
Beijing 752 (69.7,773) 593 (567, 60.3) -1.47 29.0 (25.6, 30.4) 16.5 (154, 17.4) -3.46  19.3 (17.9,22.0) 63 (5.6, 6.8) -6.81 1235 (118.7, 129.0)  82.1 (81.6, 86.0)  -2.52
Health area two
Jiangsu 46.7 (44.4, 48.6)  39.6 (37.6,39.9) -1.02  40.8 (36.9, 40.8) 28.9 (283,30.3) -2.12 354 (34.4,38.0) 17.7 (163, 17.8) -4.22 122.9 (119.5, 126.0) 86.3 (84.3, 87.8) -2.18
Hainan 825 (80.6, 95.0)  73.1 (70.4, 75.1) -0.75  40.7 (30.1, 40.7) 34.6 (32.7,36.2) -1.00  37.7 (353, 45.8) 303 (28.1, 31.0) -136 160.9 (145.2, 165.1) 138.0 (131.3, 138.0) -0.95
Guangdong 72,5 (68.6,73.6) 56.0 (551, 57.7) -1.61  22.0 (213,24.1) 24.1(23.3,251) 057 26.8 (25.1,28.1) 14.9 (14.6, 16.0) -3.58 121.3 (114.5, 1213)  95.0 (92.6, 96.1)  -1.52
Fujian 50.3 (47.1, 54.1) 421 (40.9, 43.8) -1.10  23.8 (22.7,27.9) 207 (19.1,21.0) -0.87  37.2 (33.4,39.5) 20.6 (20.2, 22.2) -3.64 1113 (107.6, 118.5) 83.4 (817, 85.8) -1.79
Hubei 72.4 (69.8, 75.7)  54.0 (52.9, 55.9) -1.81 29.8 (27.2, 31.0) 221 (21.6, 23.4) -1.85 59.2 (54.3, 59.3) 322 (30.1, 32.3) -3.73 161.4 (157.5, 166.3) 108.4 (106.4, 110.5) -2.46
Hunan 89.5 (82.4, 89.5)  60.0 (58.8, 61.5) -2.46 29.4 (28.6, 33.0) 25.7 (24.9, 26.8) -0.83 283 (26.4, 30.4) 23.4 (22.3,24.0) -1.20 147.2 (138.0, 147.2) 109.1 (107.4, 111.0) -1.85
Health area three
Shandong 107.0 (102.6, 109.3) 92.8 (89.9, 933) -0.89 33.4 (31.8,35.5) 29.4 (27.7,29.7) -0.80 422 (417, 457) 23.0 (21.7, 23.5) -3.74 182.6 (175.9, 184.1) 145.1 (143.0, 147.4) -1.43
Hebei 97.3 (93.3,100.3)  64.6 (62.8, 65.6) -2.53  39.0 (37.9, 42.2) 27.1 (26.2, 28.0) -2.24  48.9 (453, 50.2) 29.7 (29.7, 31.8) -3.06 185.1 (182.0, 190.9) 121.5 (118.9, 122.9) -2.60
Ningxia 75.9 (74.4, 81.3)  60.6 (59.8, 64.0) -1.40 19.9 (19.1, 22.6) 22.4 (21.0, 23.6) 075 31.4 (28.0,32.2) 245 (23.9, 26.6) -1.55 127.3 (119.1, 128.2) 107.5 (106.7, 112.4) -1.05
Jilin 106.4 (93.1, 106.4) 80.7 (79.4, 83.3) -171  40.6 (36.7, 44.5) 34.4 (33.8,36.5) -1.02  53.2 (51.0, 60.0) 30.7 (29.8, 32.2) -3.39 200.3 (192.0, 209.7) 145.9 (1412, 146.5) -1.96
Liaoning 109.7 (105.4, 111.9) 915 (91.4, 95.2) -113  49.1 (45.8, 50.1) 34.1 (32.8,35.0) -2.24 513 (48.0, 52.6) 25.7 (24.5, 26.4) -4.24 210.1 (207.5, 216.8) 151.3 (147.6, 152.4) -2.03
Shanxi 57.0 (55.0, 60.1) 56.9 (55.1, 58.4) -0.01 26.4 (255, 29.3) 245 (23.1, 25.4) -0.48 363 (334, 37.6) 215 (20.0,22.1) -3.21 119.6 (117.5, 125.1) 102.9 (100.7, 105.3) -0.94
Shaanxi 92.2 (855, 92.2) 555 (54.1, 57.2) -3.12 305 (26.9, 30.5) 26.4 (253, 27.4) -0.92 673 (63.5 68.3) 29.6 (27.9, 30.1) -5.00 190.0 (187.8, 195.9) 111.4 (109.0, 113.3) -3.28
Henan 91.0 (87.2, 92.9)  85.6 (835, 86.6) -038 315 (28.8,32.1) 31.0 (307, 32.7) -0.08 66.1 (64.5 69.3) 373 (35.5, 37.6) -3.52 188.6 (184.1, 192.0) 153.9 (1513, 155.7) -1.26
Anhui 71.0 (67.2, 742)  63.7 (62.8, 65.7) -0.67 23.9 (22.8, 26.9) 36.7 (34.7,37.0) 272 593 (57.2, 63.1) 401 (38.5 40.9) -2.41 154.2 (153.0, 163.7) 140.6 (137.5, 142.0) -0.58
Inner 62.8 (535, 62.9) 719 (712, 74.8) 0.85 255 (22.9,29.5) 242 (23.9,26.1) -031 452 (39.7, 48.0) 28.7 (28.0, 30.4) -2.80 133.5 (132.9, 147.8) 124.8 (122.1, 127.0) -0.42
Mongolia
Heilongjiang ~ 109.5 (100.0, 109.9) 91.8 (90.8, 94.9) -1.10  38.0 (36.5, 42.7) 38.1(36.2,38.8) 0.00 57.4 (53.8, 61.0) 29.3 (28.4, 30.6) -4.11 204.9 (193.2, 207.5) 159.2 (155.9, 161.1) -1.57
Health area four
Jiangxi 62.8 (58.5, 66.8)  42.9 (41.8, 44.6) -236 172 (15.1, 19.5) 205 (19.4, 21.4) 112  57.9 (57.2, 65.4) 26.0 (24.8, 27.0) -4.88 137.9 (128.6, 140.3) 89.4 (88.6, 92.5) -2.67
Chonggqing 73.9 (66.6, 73.9) 516 (50.7, 53.9) -222  22.6 (21.1, 25.1) 25.6 (24.4,26.6) 078  64.2 (59.9, 66.5) 34.4 (32.6, 35.1) -3.82 160.7 (151.2, 161.8) 111.6 (109.5, 114.2) -2.25
Yunnan 66.9 (62.0, 67.9) 39.9 (39.2, 41.9) -3.18 24.4(23.1,26.8) 263 (25.0,27.2) 0.46 404 (38.9,437) 32.0 (31.2,33.6) -1.46 1317 (125.6, 134.1)  98.1 (96.1, 100.3) -1.83
Gansu 73.6 (69.4, 78.0)  52.0 (50.4, 53.9) -2.15  17.4 (16.7,21.0) 214 (19.7,21.9) 129 582 (551, 62.7) 35.7 (33.6, 36.6) -3.01 1493 (142.6, 154.7) 109.1 (106.6, 111.7) -1.94
Sichuan 57.1 (517, 57.1) 52.2 (50.2, 52.9) -0.57  19.2 (18.2,21.2) 205 (19.8, 21.4) 0.43  64.8 (62.4, 68.1) 47.4 (46.1, 48.6) -1.93 1411 (134.1, 142.1) 1201 (116.1, 120.2) -1.00
Health area five
Tibet 19.6 (15.3, 23.0)  26.5 (24.4, 27.5) 1.88 7 (72,123) 139 (11.7,13.9) 227  92.2 (83.5 100.3) 683 (65.0, 70.1) -1.86 1215 (115.9, 134.4) 108.6 (104.4, 110.8) -0.70
Xinjiang 84.5 (79.6, 90.5)  54.5 (533, 57.0) -271 158 (13.9, 187) 13.9 (12.8,14.6) -0.81 493 (43.7,52.0) 221 (20.3,22.7) -4.89 149.6 (143.0, 157.7) 905 (89.8, 94.6) -3.09
Qinghai 383 (315, 383) 38.6 (353,39.0) 0.06 6 (5.6,88) 11.6 (116, 13.9) 357 60.7 (56.5 66.0) 417 (40.0, 43.7) -2.32 1055 (104.1, 116.7) 919 (86.2, 91.9) -0.86
Guangxi 82.6 (82.3,90.7) 62.8 (61.8, 65.2) -170  32.6 (29.1, 34.4) 36.2 (351, 37.5) 0.65 46.2 (42.7, 48.9) 37.6 (352, 37.8) -1.27 161.4 (158.2, 169.7) 136.6 (1313, 136.6) -1.04
Guizhou 603 (57.7, 63.6)  40.9 (393, 42.7) -2.40 29.8 (29.1, 33.5) 30.5 (28.8,31.6) 0.4 859 (84.6, 92.0) 41.8 (41.2, 44.5) -4.40 1761 (1713, 181.4) 113.2 (1111, 116.5) -2.72

Table 1: Overall impact of diet attributable age-standardized mortality rates of CVDs by provinces of China (per 100,000 population).
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Gansu, Hunan, Zhejiang, Chongqing, and Jiangxi in
2018 when compared to the rates in 2002, with
Shanghai having the highest increase and Guangdong
having the lowest. For IS, the diet-related mortality rates
were higher in almost all provinces in 2018 compared to
2002, with the highest increase observed in Qinghai and
the lowest in Xinjiang. However, the diet-related mor-
tality rates for HOS decreased in most provinces in
2018, except for Ningxia, Hunan, and Sichuan, with the
highest decrease observed in Tianjin and the lowest in
Yunnan (Table 1).

Across the provinces of China, in 2018, the highest
diet related DALYs among Chinese adults were
observed in Henan (1.4 million [95% UI, 1.2-1.6] for

stroke, 1.3 million [95% UI, 1.1-1.5] for IHD), and the
lowest were observed in Tibet (0.05 million [95% UI,
0.043-0.063] for stroke, 0.03 million [95% UI,
0.028-0.042] for IHD). The DALYs rate for stroke and
IHD attributable to suboptimal diet were the highest in
health areas three and five, with the highest observed in
Heilongjiang (1879.3 [95% UI, 1595.8-2182.6] DALYs
per 100,000 population for stroke, 2012.8 [95% UI,
1692.2, 2362.7] DALYs for IHD). The DALYs rate for
stroke and IHD attributable to suboptimal diet were the
lowest in health areas one, with the lowest observed in
Shanghai (353.2 [95% UI, 302.9-406.2] DALYs for
stroke, 359.7 [95% UI, 307.2-421.0] DALYs for IHD)
(Table 2).

DALYs (in thousands)

DALYs rate (per 100,000 population)

Stroke

IHD

Health area two

Health area three

Health area four

Health area five

Stroke IHD
Health area one
Shanghai 99 (85, 113) 101 (86, 118)
Tianjin 141 (121, 163) 151 (130, 178)
Zhejiang 372 (322, 430) 232 (196, 274)
Beijing 119 (101, 138) 165 (138, 195)

Jiangsu 720 (628, 818) 456 (390, 523)
Hainan 76 (64, 90) 5 (53, 79)
Guangdong 732 (634, 844) 841 (718, 979)
Fujian 267 (231, 307) 208 (178, 246)
Hubei 830 (715, 952) 582 (498, 675)
Hunan 950 (824, 1096) 916 (789, 1079)

Shandong 992 (855, 1144) 1148 (983, 1338)
Hebei 1188 (1035, 1358) 945 (804, 1095)
Ningxia 61 (52, 72) 73 (60, 88)
Jilin 432 (361, 500) 438 (365, 513)
Liaoning 699 (602, 812) 683 (576, 802)
Shanxi 347 (292, 407) 351 (289, 418)
Shaanxi 430 (362, 510) 411 (341, 492)
Henan 1379 (1199, 1572) 1274 (1093, 1487)
Anhui 752 (664, 854) 571 (494, 658)
Inner Mongolia 380 (332, 438) 433 (370, 503)
Heilongjiang 736 (626, 858) 788 (664, 926)

Jiangxi 464 (406, 535) 377 (324, 444)
Chongging 308 (258, 367) 200 (166, 238)
Yunnan 636 (551, 746) 462 (391, 545)
Gansu 359 (309, 417) 307 (259, 356)
Sichuan 1080 (914, 1241) 689 (583, 790)

Tibet 51 (43, 63) 33 (28, 42)
Xinjiang 251 (216, 292) 287 (241, 340)
Qinghai 89 (74, 103) 7 (55, 79)
Guangxi 604 (523, 710) 524 (446, 622)
Guizhou 581 (498, 663) 281 (235, 330)

353.20 (302.87, 406.20)
926.21 (795.07, 1068.1)
610.16 (526.53, 702.62)
492.53 (419.38, 570.90)

882.04 (767.83, 1002.6)
792.48 (667.79, 933.10)
625.40 (542.27, 722.33)
677.46 (585.26, 779.22)
1499.6 (1296.2, 1719.0)
1417.1 (1224.6, 1633.7)

998.40 (859.96, 1152.4)
1554.3 (1356.6, 1778.5)
867.44 (736.21, 1021.4)
1549.0 (1293.4, 1793.1)
1564.0 (1343.9, 1815.6)
902.87 (756.69, 1054.5)
1089.5 (916.78, 1291.6)
1430.5 (1244.7, 1633.3)
1232.0 (1083.0, 1398.3)
1468.2 (1280.6, 1687.6)
1879.3 (1595.8, 2182.6)

980.65 (853.25, 1127.1)
1152.6 (965.04, 1373.0)
1295.8 (1117.1, 1520.4)
13517 (1164.5, 1568.2)
1292.7 (1097.2, 1486.7)

1460.7 (1225.4, 1812.2)
1030.9 (885.29, 1198.9)
1412.4 (1182.9, 1633.3)
1250.9 (1079.9, 1468.5)
1713.4 (1468.9, 1962.2)

359.72 (307.16, 420.95)
991.01 (849.36, 1168.2)

378.58 (321.26, 448.20)
687.30 (574.75, 807.82)

556.11 (477.57, 641.89)
673.87 (555.28, 823.91)
717.75 (615.23, 837.63)
528.84 (450.29, 622.68)
1051.1 (901.17, 1219.9)
1368.2 (1176.4, 1603.8)

1155.5 (987.53, 1348.3)
1235.9 (1051.4, 1430.1)
1042.5 (859.43, 1257.7)
1570.7 (1306.7, 1831.7)
1533.3 (1290.1, 1798.6)
909.71 (748.06, 1087.5)
1040.0 (864.03, 1243.1)
1321.4 (1135.3, 1546.1)
933.71 (807.44, 1075.5)
1673.7 (1427.6, 1943.2)
2012.8 (1692.2, 2362.7)

793.83 (681.67, 932.93
746.45 (623.07, 891.87
939.43 (796.68, 1109.4)
1153.1 (974.84, 1339.0
823.56 (701.44, 947.96

)
)
)
)

961.28 (796.07, 1202.7)
1178.7 (990.49, 1393.0)
1069.9 (884.18, 1251.8)
1085.3 (921.88, 1287.2)
831.53 (695.51, 976.91)

Table 2: Overall impact of diet on CVDs DALYs and DALYs rates by provinces of China.
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Impact of individual components of diet on the
burden of CVDs across China and its provinces
More than two-thirds of diet-related deaths and mortal-
ity rates can be attributed to low intake of whole grains,
nuts, fruits, and vegetables (Fig. 5). Low intake of fruits
was the leading dietary risk factor for deaths and mor-
tality rate of IS and HOS among men and women, fol-
lowed by inadequate intake of whole grains; while low
intake of whole grain ranked first for IHD deaths and
mortality rate followed by inadequate nuts and fruits
intake (Supplementary Tables S2 and S3).

In 2018, low intake of fruit was the leading risk for
DALYs and DALYs rate of stroke among Chinese adults
followed by low intake of whole grains, inadequate fruits
intake was responsible for 9.4 million (95% UI,
8.1-10.8) DALYs and 668.1 (95% UI, 576.0-771.0)
DALYs per 100,000 population. While inadequate whole
grain intake ranked first for DALYs and DALYs rate of
IHD followed by inadequate nuts and fruits intake. Low
intake of whole grains was responsible for 5.7 million
(95% UI, 4.8-6.6) DALYs and 402.7 (95% UI,
342.1-471.1) DALYs per 100,000 population; low intake
of nuts was responsible for 4.1 million (95% UI,
3.5-4.8) DALYs and 293.2 (95% UI, 249.0-343.0)
DALYs; and low intake of fruits was responsible 4.0
million (95% UlI, 3.4-4.7) DALYs and 283.7 (95% UI,
241.0-331.9) DALYs (Supplementary Figure S1).

Across the provinces of China, in 2018, IHD mo-
rality rates attributable to diet low in whole grains,

2018

vegetables, fruits, soybeans, nuts, and diet high in SSB
and IS morality rates attributable to diet low in whole
grains, vegetables, and fruits were highest in health area
three, whereas IHD and IS morality rates attributable to
diet high in red meat were highest in health areas five
and two, respectively. Health area five had the highest
HOS morality rates attributable to diet low in whole
grains, vegetables, and fruits (Supplementary Table S4).
Specifically, in Heilongjiang, Liaoning, Shandong, Bei-
jing, Jilin, and Henan, diet low in whole grains, nuts,
and fruits were the leading dietary risk for IHD-related
deaths, DALYs, and DALYs rate. In Anhui, Jilin, and
Heilongjiang, diet low in fruits and whole grain were
the leading dietary risk for IS-related deaths and DALYs.
In Tibet, diet low in whole grain and fruits were the
leading dietary risk for HOS-related deaths and DALYs
(Supplementary Tables S4-S6).

Discussion

The present study provides a comprehensive picture of
the geographic variation and temporal trends of the
burden of CVDs attributable to dietary risk factors at the
national and provincial levels from 2002 to 2018. The
diet-related mortality rates for IHD and IS were
increased over time, and the diet-related burden of
CVDs were varied across the Chinese provinces, with
the highest mortality rates in Shandong, Heilongjiang,
and Tibet for IHD, IS and HOS, respectively, and the
lowest mortality rates in Tibet, Qinghai, and Beijing.

2018
2015 SSB 2015 Bl Hemorrhage and other stroke
2010 2010 Ischemic stroke
2002 2002 ’ '
B |schemic heart disease
2018 2018
2015 Soybean 2015
2010 2010
2002 2002
2018 2018
2015 Nuts 2015
2010 2010
2002 2002
2018 2018
2015 Red meat 2015
2010 2010
2002 2002
2018 2018
2015 Vegetables 2015
2010 2010
2002 2002
2018 2018
2015 . 2015
2010 Fruits 2010
2002 2002
2018 2018
2015 . 2015
2010 Whole grain 2010
2002 2002

800000 600000 400000 200000 0

Number of deaths (in thousands)

I T T T
0 20 40 60 80

Deaths rate (per 100 000 pupulation)

Fig. 5: Number of deaths and mortality rate attributable to individual dietary risks in 2002, 2010, 2015, and 2018.
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Moreover, the burden of CVDs attributable to subopti-
mal diet among Chinese males was higher than that of
female from 2002 to 2018 and increased substantially
with the increasing age. Inadequate intakes fruits, whole
grains, and vegetables intake were the primary dietary
risk factors for IHD, IS, and HOS; low intake of nuts
and soybean, and high intake of SSB only associated
with IHD in China.

Despite the PAF of whole grains, fruits, vegetables,
nuts, soybean and SSB associated with CVDs mortality
were decreased from 2002 to 2018, the absolute deaths
numbers and mortality rates of IHD and IS still
increased substantially in the majority of provinces and
the entire country, which can be primarily explained by
the shift in age structure and the change of the back-
ground mortality rate. As of 2019, there were 26 million
Chinese citizens 80 and 164.5 million Chinese citizens
over the age of 65 (termed the elderly).”” According to
the findings of this study, the number of deaths and
mortality rate for CVDs attributable to suboptimal diet
in China increased substantially with the increasing age,
particularly in those over the age of 80 (the diet-related
mortality rate for THD, IS and HOS were 1483.4,
488.6, and 301.7 per 100,000 population, respectively).
Interventions aimed at modifying suboptimal dietary
behaviors and programs devoted to the detection and
management of dietary risk factors are urgently
required in China to reduce the diet-related burden of
CVDs.

Similar to previous results of the diet-related burden
of CVDs,"*** results of this study indicate that the
leading dietary risk factors for mortality are diet low in
whole grains, diet low in nuts, diet low in fruits and
vegetables. These findings support the scientific state-
ment for 2021 dietary guidance to improve cardiovascular
health from the American Heart Association.”* These
food groups contain biologically active compounds, such
as dietary fiber, minerals, antioxidants, vitamins, and
other phytochemical composition, which may affect
CVDs risk by altering endothelial function, antioxidant
activity, oxidative stress, lipids and lipoproteins profile,
and some other mechanisms.*'~** The ranking of food
groups in terms of their impact on CVDs may have
significant implications for the development of future
food-based dietary guidelines aimed at enhancing pop-
ulation health. For instance, effective strategies should
be implemented to increase intakes of whole grains,
vegetables, fruits, nuts, soybean while decreasing in-
takes of SSB and red mead should be, such as media
campaigns, adjusting taxes by food type, food reformu-
lation, etc.>>*

The association between adherence to a healthy diet
and a lower risk of mortality and CVDs supports the
important of nutrition in reducing disease burden.***
CVDs prevention and treatment programs need to
incorporate healthy eating habits and give this infor-
mation substantial consideration based on regional

dietary patterns and the burdens of each CVD compo-
nent. The present study revealed that provinces with
medium level of economic development and life ex-
pectancy had higher burden of CVD-related mortality
due to suboptimal diet. However, in provinces with a
high economically development, high life expectancy
and low mortality, such as Shanghai and Zhejiang, as
well as provinces with low economic development and
high mortality, such as Tibet and Qinghai, the age-
standardized death rates for IS and IHD attributable
to suboptimal diet were low. Provinces with established
economies had the lowest DALYs rates for both stroke
and IHD, including Shanghai, Zhejiang, Beijing, and
Jiangsu. Previous studies in China have pointed out that
the prevalence of CVDs in China is in a continuous
rising stage, with mortality in rural areas exceeding that
in urban areas since 2009.” In China, there are also
significant regional disparities and variable inequalities
in primary and secondary CVD prevention. Healthy
China 2030 proposes to reduce disparities in health
levels between urban and rural areas, regions, and
people, achieve universal health coverage and promote
social equity, and The China’s Fourteenth Five Year
Plan proposes promoting the construction of a healthy
China comprehensively as a major task. Our findings
provide evidence to support the development of
province-specific strategies for CVDs prevention and
reduction the burden of disease for each CVDs
component.

Targeting specific dietary factors may not only be
costeffective but cost-saving, according to cost-
effectiveness analyses of a range of population-level di-
etary interventions.** Moreover, the specificity of the
nutritional interventions should be considered; there is
no one-size-fits-all approach. This study found that the
diet-related burden of CVDs and the ranking of dietary
risk factors for CVDs varied among the provinces of
China; consequently, specific nutrition intervention
strategies should be adjusted based on the dietary
characteristics of each province. For example, in ma-
jority provinces, particularly in the province of Hei-
longjiang, Liaoning, and Shandong, low intake of whole
grains was the first leading risk factors for CVDs;
therefore, strategies that target increasing intakes of
whole grains would be an effective strategy for these
provinces. However, low intake of nuts was the primary
risk factors for CVDs in Beijing, so strategies target
increasing intakes of nuts would be more cost-effective
than those aimed at increasing intakes of whole
grains, vegetables, and fruits. The specific nutrition in-
terventions are only cost-effective and cost-saving when
they are tailored to the regional dietary characteristics.
Unfortunately, the cost-effectiveness analyses of dietary
interventions on whole grains, vegetables, fruits, nuts,
etc., which are important dietary factors for the burden
of CVDs among Chinese citizens, are lacking in
evidence.
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Several potential limitations should be considered
when interpreting and using the findings of this study.
Since dietary intakes were estimated using the food
frequency questionnaire, it was not possible to evaluate
the impact of nutrients (such as sodium, marine omega-
3 fatty acids, polyunsaturated fatty acid, trans fats and so
forth). In addition, we presumed that the distribution of
dietary intakes is independent when estimating the
PAFs for the overall effect of all dietary factors relevant
to each outcome, which might have led to uncertainty
regarding the combined effect of dietary factors. To
quantify the effect of correlation of dietary factors, GBD
diet Collaborators have estimated the overall burden of
dietary risks with and without taking into account the
correlation of dietary factors, and found that the abso-
lute difference in the joint population attributable frac-
tions was less than 2% on average.’ Additionally,
provincial deaths data may limit the generalizability of
our findings and prevent us from deriving more specific
conclusions regarding the influence of subgroups such
as residency (urban/rural) and socio-economic status
(education and income) on the outcomes of interest; and
deaths and dietary data collected at the same year may
affect the precision of our result because it should take
years for the effects of suboptimal diet to generate fatal
consequences. Consequently, the findings of our study
should be interpreted with caution, and further research
is required to confirm and expand upon them. Finally,
the effects of diet on CVDs mortality were derived pri-
marily from meta-analyses of studies, and the effects
could be mediated by raising blood pressure, increasing
body mass index, etc., despite the fact that the studies
included in the meta-analyses adjusted for potential
confounding variables. When additional meta-analyses
from Chinese population become available in the
future, further estimations will be expected.

In summary, the present study found that subopti-
mal diets are a major contributor to CVDs mortality in
China and the diet-related burden can vary substantially
across provinces. This finding highlights the need for
geographically targeted intervention strategies to
improve the quality of human diet and reduces the diet-
related burden of CVDs.
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