European Journal of Nutrition
https://doi.org/10.1007/500394-024-03481-0

®

Check for
updates

ORIGINAL CONTRIBUTION

Heterogeneity in diet-related non-communicable disease risks in a
Chinese population

Zhiyao Chang'?3 - Sander Biesbroek? - Hongyi Cai'?3 - Shenggen Fan® - Yuanying Ni' - Xin Wen'
Pieter Van 't Veer? - Elise F. Talsma?

Received: 27 November 2023 / Accepted: 16 August 2024
© Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract

Purpose Sub-optimal food choices contribute to the risk of multiple non-communicable diseases (NCDs) which can be
mitigated by improving diet quality. Food consumption patterns may partly account for variation of NCD risks in population
subgroups in China. This study aimed to evaluate the risk of diet-related NCDs of observed Chinese diets, and to assess the
potential reduction in NCD risks by adhering to certain diet recommendations.

Methods Dose-response meta-analyses were used to derive relative risks between three diet-related NCDs and consumption
of 15 food groups. 24-h dietary recall data of 12,809 adults from the 2011 China Health and Nutrition Survey were used to
estimate the diet-related summed risks (SRs) of NCDs. Twelve Chinese provinces were aggregated into five regions, and
stratified by age, gender, overweight status, education, income, and urbanicity. The Chinese Dietary Guideline-2016 (CDG-
2016) and the EAT-Lancet diet were used as recommended diets.

Results Associations between SRs and gender, age, educational level, income level, and urbanicity were observed. No asso-
ciation was found between SRs and overweight status. Both diet recommendations have lower SRs compared to observed
diets among all regions. The food groups that contributed most to the variation of the SRs of diet-related NCDs in China were
high consumption of red meat and refined grains, and low consumption of whole grains, fruits, and legumes.

Conclusion To address the heterogeneity in diet-related NCD risks, focusing on region-specific dietary practical is impera-
tive for Chinese population, in order to propose tailored guidance to adhere to diet recommendations.

Keywords Dietary risk factors - Non-communicable chronic disease - Health risk - Observed chinese diet -
Heterogeneity in diets

Introduction

Sub-optimal diets and food choices pose obstacles to achiev-
ing the upcoming 2030 targets of Sustainable Development
Goals (SDGs), particularly those related to improved nutri-
tion (Goal 2) and good health and well-being (Goal 3) [1, 2].
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Globally, an estimated eleven million deaths and 255 mil-
lion disability-adjusted life years (DALYs) were attributed
to dietary risk factors in recent years [3]. Yet, many low- and
middle-income countries, including China, are unlikely to
achieve the health-related SDGs [4]. In China, dietary risk
factors are responsible for more than 2 million deaths and
nearly 47 million DALY's per year through non-communica-
ble chronic diseases (NCDs), and these numbers are rising
[3, 5]. Furthermore, unhealthy diets that include an excessive
amount of sodium and red meat and inadequate amounts of
whole grains and fruits were the leading dietary risk factors
for death (17.4% of total risk factors) and DALY (11.6% of
total risk factors) in China [6].

Heterogeneity in diet quality and subsequent health
implications are typically associated with the geographic,
demographic, and socio-economic characteristics of con-
sumers [7]. As a highly-populated, large country with
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diverse food cultures between regions, China is inevitably
faced with large heterogeneity in food consumption patterns
across regions [3]. Demographic and socio-economic vari-
ables have been found to be related to specific dietary pat-
terns, for example, households with higher incomes have
higher diet quality [8]. Women have higher dictary quality
scores than men [9], and older Chinese people have been
shown to more frequently consume plant-based foods such
as grains and vegetables [10].

Previous studies have developed methodologies to quan-
tify life expectancy, and healthy life years gained or lost
according to population-level dietary patterns [3, 11, 12].
However, a single health problem would not be embod-
ied by overall health risks. Therefore, specific diet-related
NCDs are of great interest to population groups with higher
risk dietary patterns. In China, as of 2020, the prevalence
of type 2 diabetes is as high as 138 million (11%) in the
adult population, with that of coronary heart disease being
118 million (9.4%) [6], and colorectal cancer 0.44 million
(the third-highest incidence rate among all types of cancers)
[13]. Data from recent studies has shown that nearly 47%
of deaths caused by NCDs were attributed to these three
NCDs [3]. Hence, because of their prevalence and public
health consequences, this study investigated coronary heart
disease, type 2 diabetes, and colorectal cancer, in relation to
diets in different socio-economic and demographic popula-
tion subgroups and regions in China.

To support consumers in making healthier food choices,
food based dietary recommendations have been developed
for public health targets [14]. The Chinese dietary guideline
2016 (CDG-2016) is food-based and aims to provide advice
to Chinese citizens on a healthy diet, taking into account
both the risk of diet-related diseases and nutrient adequacy
[15]. Additionally, the EAT-Lancet reference diet (hereafter
referred to as EAT-Lancet diet) is a recommended diet that
not only takes health into account, but also considers diet-
related environmental impacts [16]. Both of these recom-
mended diets are food group-based and designed to reduce
diet-related health risk and improve diet quality.

The objectives of our study were (1) to gain insight into
the heterogeneity of diet-related NCD risks (coronary heart
disease, type 2 diabetes, and colorectal cancer) across socio-
economic and demographic variables among five regions in
China, and (2) to investigate the potential effects of adher-
ence to recommended diets to reduce or prevent diet-related
NCD risks.
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Methods

Identification of diet-related NCD risks for each food
group

The diet-related NCD risks associated with specific food
groups were derived from dose-response meta-analyses.
These analyses examined the relationships between the
consumption (expressed in serving size of a food group) of
certain food groups and the corresponding NCDs. To inves-
tigate potential NCD risks, relative risks (RRs) obtained
from prospective cohort studies in meta-analyses were used
as indicators of the diet-related NCD risks. These RRs were
assumed to reflect causal relationships between food con-
sumption (exposure) and disease risks. In order to collect
reliable data, the same literature search strategy, inclusion
criteria, and data extraction methods from previous studies
were followed [12, 17]. In particular, we explore the pooled
relative risks of 15 food groups: whole grain, refined grain
(The definition is based on whether the bran was removed
at the time of processing), fruits, vegetables, legume, nut,
tuber, aquatic products, dairy, eggs, poultry, red meat (fresh
beef, donkey, horse, lamb, or pork), sugar-sweetened bev-
erages (SSBs), The health effects of tubers were collected
from potatoes only. Olive oil was used as a proxy for plant
oils because of the high unsaturated fatty acids content and
is considered to contain similar nutrients as other vegetable
oils. To estimate the association between sodium intake and
the risk of health outcomes, we calculted the estimated value
of 24-hour urine collection sodium according to 24-hour
diet recall data on sodium with a conversion factor of 0.86,
since the RR derived from meta-analysis studies was only
collected by 24-hour urinary sodium [18].

We performed a literature search with PubMed (2000-
March, 2023) and Web of Science (2000-March, 2023)
databases. The letters, comments, narrative reviews, and
animal studies were excluded. Studies were included if
they were meta-analyses involving cohort studies, studied
the impacts of certain food consumption, and reported the
associations with the three NCDs we selected. To minimize
the potential influence of uncontrolled confounders on the
risks of NCDs associated with food consumption, meta-
analyses that effectively controlled for various confounding
variables, including age, sex, energy intake, smoking status,
alcohol intake, etc., were selected as eligible evidence [17].
In addition, the most recent meta-analyses were chosen as
they encompassed a larger number of cohort studies and
included a greater number of participants.
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Study population

The China Health and Nutrition Survey (CHNS) is an ongo-
ing longitudinal household survey with the goal to inves-
tigate the association between the economic, sociological,
and demographic transformation in China. The survey pro-
cedures are described in more detail elsewhere [19, 20].

In our study, data from the 2011 round of the CHNS was
used. The survey was conducted across 12 provinces and
municipalities, which were grouped into 5 regions, i.e.,
the East (Shandong and Jiangsu provinces), the Northeast
(Heilongjiang and Liaoning provinces), the Central areas
(Hunan, Hubei, and Henan provinces), the Southwest
(Guangxi, Guizhou, and Chongqing provinces), and Met-
ropolitan areas (Beijing and Shanghai municipalities). All
adult participants (age > 18) were included, except pregnant
or lactating women (n=_89) and participants with implau-
sible energy intakes (Z-score < -5 or >5, n=12) [21]. The
final study population included 12,809 eligible participants.

Dietary assessment

The dietary consumption data were collected with 24-hour
dietary recalls over three consecutive days and the con-
sumption of salt and edible oils were assessed by examinat-
ing the food inventory at household level for the same three
consecutive days [22]. The three consecutive days during
which detailed household food consumption data have been
collected were randomly allocated from Monday to Sunday
and are almost equally balanced across the seven days of
the week for each sampling unit. Household food consump-
tion has determined by examining changes in inventory
from the beginning to the end of each day, in combination
with a weighing and measuring technique. All processed
foods (including edible oils and salt) remaining after the last
meal before initiation of the survey have been weighed and
recorded. All purchases, home production, and processed
snack foods have been recorded. Whenever foods have been
brought into the household unit, they have been weighed,
and preparation waste has been estimated when weighing
was not possible. At the end of the survey, all remaining
foods have been again weighed and recorded. Additionally,
all field workers have been trained by nutritionists who are
otherwise professionally engaged in nutrition work in their
own counties and who have participated in other national
surveys. Almost all interviewers have been graduates of
post-secondary schools; many have had four-year degrees.
In addition, three days of specific training in the collection
of dietary data have been provided for this survey.

By linking dietary consumption data to the China Food
Composition Table 1 [23], quantities of food consumption
were calculated for each participant using the average values

from three-day dietary intake data and were standardized per
2,000 kcal. Additionally, for the purpose of comparison, the
reference food consumption values in CDG-2016 and EAT-
Lancet diet were also standardized to 2,000 kcal (energy-
standardized reference values are shown in Supplementary
Table 1). The Chinese Healthy Eating Index (CHEI), a
validated dietary index to evaluate diet quality according to
CDG-2016, was calculated for each participant. The scor-
ing formula and validation of CHEI have been described
elsewhere (Supplementary Table 2) [24]. This CHEI index
served as a validated indicator to prove the reliability of the
estimated SR of diet-related NCDs in the present study.

Aggregation of relative risks for diet-related NCDs

To assess the overall health risks associated with each food
group within the context of complete diets, the summed risk
(SR) was calculated. The SR represents the combined risk-
increasing or risk-reducing potential of a complete diet on
the corresponding diet-related non-communicable diseases
(NCDs), following the methods outlined by Schwingshackl
etal. in 2019 [25]. Food components that were not included
in the current dose-response meta-analyses were assumed
to have neutral health effects in either direction, including
the dose-response relationship between sodium and type 2
diabetes, as well as oils, refined grains, sodium and colorec-
tal cancer [11]. Since the dose-response association of RR
between food groups and NCDs are not linear [25], piece-
wise linear associations fittings were subsequently applied
to compute RR values of food groups in a given consump-
tion interval for coronary heart disease, type 2 diabetes, and
colorectal cancer. The linear regressions on each interval
were carried out in three steps: (1) The piecewise intervals
for the association splines were determined based on the
observed food consumption values. The specific scales of
these intervals for each food group can be found in Supple-
mentary Tables 3 to 5; (2) Within each interval, a linear fit
was applied, assuming that each short interval on the curve
could be approximated as a linear segment; and (3) The cor-
responding RRs of diet-related NCDs were calculated for
each food group within these specific intervals, taking into
account their associations with the respective NCDs.

To calculate the final SR, risk-reducing and risk-increas-
ing food groups were calculated separately by multiply-
ing the RR of their specific consumption, then subtracting
the summed RR of risk-increasing food groups from (1 -
summed RR of risk-reducing food groups) [25]. A SR> 1
indicates that the complete diet increased the total risk for
a given disease, whereas a SR< 1 indicates that the diet
reduced risk for a given disease. The formula (1) is as
follows:
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Table 1 Characteristics of all adult participants in five China’s regions’

Number (%) Total Northeast East Central areas Southwest Metropolitan areas
Participants 12,809 1,899 (14.8) 2,140 (16.7) 3,159 (24.7) 3,293 (25.7) 2,318 (18.1)
Gender

Males 6,064 (47.3) 907d (47.8) 1,005¢ (47.0) 1,479b (46.8) 1,575a (47.8) 1,098c (47.4)

Females 6,745 (52.7) 992 (52.2) 1,135 (53.0) 1,680 (53.2) 1,718 (52.2) 1,220 (52.6)
Age (years)

Young adults (18-44) 4,442 (34.7) 586¢ (30.9) 634d (29.6) 1,048b (33.2) 1,200a (36.4) 974c¢ (42.0)

Middle-aged (45-64) 5,941 (46.4) 986 (51.9) 992 (46.4) 1,508 (47.7) 1,408 (42.8) 1,047 (45.2)

Elderly people (> 65) 2,426 (18.9) 327 (17.2) 514 (24.0) 603 (19.1) 685 (20.8) 297 (12.8)
Overweight status’

Normal 7,748 (62.7) 1,124d (59.8) 1,221 cd (58.0) 1,842b (62.6) 2,182a (69.9) 1,379¢ (59.6)

Overweight 4,614 (37.3) 757 (40.2) 885 (42.0) 1,100 (37.4) 938 (30.1) 934 (40.4)
Educational level*

Lower education 4,537 (35.9) 660d (35.0) 854c (40.1) 1,270b (40.6) 1,516a (46.4) 273e (11.8)

Middle education 5,648 (44.4) 839 (44.5) 972 (45.7) 1,423 (45.6) 1,374 (42.0) 1,040 (44.9)

Higher education 2,501 (19.7) 386 (20.5) 303 (14.2) 431 (13.8) 379 (11.6) 1,002 (43.3)
Income levelS(CNY/year)

Low 4,210 (33.3) 498c (26.5) 558¢ (26.2) 1391b (45.0) 1,574a (48.9) 189d (8.2)

Middle 4,210 (33.3) 677 (36.1) 828 (38.9) 983 (31.8) 1,124 (34.9) 598 (25.9)

High 4,209 (33.3) 702 (37.4) 744 (34.9) 716 (23.2) 524 (16.2) 1,523 (65.9)
Urbanicity

Urban 5,299 (41.4) 649¢ (34.2) 742d (34.7) 1,120c (35.4) 1,335b (40.5) 1,453a (62.7)

Rural 7,510 (58.6) 1,250 (65.8) 1,398 (65.3) 2,039 (64.6) 1,958 (59.5) 865 (37.3)

d The Chi-square test was used to compare unordered categorical variables (gender, overweight status, and urbanicity), the Kruskal-Wallis
rank test was used to compare ordered categorical variables (age groups, educational level, and income level), p values < 0.05 were considered

statistically significant

+ Missing values n =447 for BMIL Overweight status was defined as BMI equal to or above 25 kg/m?

1 Missing values n=387. Lower education was defined as attended primary school or lower; Middle education was defined as attended lower or
upper middle school; Higher education was defined as attended a technical school or obtained a vocational degree or above

§ Missing values n=180. The categories of income were categorized by tertiles, the T1 is 7,820 CNY/year, and the T3 is 10,226 CNY/year

§§ Urban and rural areas were defind by municipalities and administrative divisions as two categories of urbanicity in China

SR = (RRinCreaSe) - (1 - RRr€du0tion) (1) (l)

{ RRrﬁduclion = H ;IleRi (‘Ll) (Zf RR? < 1)
RR[‘,mzréﬁase = H j:lRRJ ($j> <7’f RRJ > 1)

where RR, q.ion 15 the aggregate of relative risks of risk-
reducing food groups i and is obtained by multiplying RR;
for a specific disease by x;, the quantity of consumption of i.
RR;, rease 18 the aggregate of relative risks of risk-increasing
food groups j, and is obtained by multiplying RR; for a spe-
cific disease by x;, he quantity of consumption of j.

Demographic and socio-economic and covariates

Demographic and socio-economic variables were recorded
during the survey period, which included age, gender, over-
weight status, education level, income level, and urbanic-
ity. Age groups were allocated into three categories: elderly
people (aged >65), middle-aged adults (aged 45-64), and
young adults (aged 18—44). Overweight status was divided
into 2 levels based on BMI: overweight (BMI>25 kg/m?)
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and normal (BMI<25 kg/m?) [7]. Education level was
divided into three categories according to the original clas-
sification in questionnaires: Higher education (technical
or vocational degree or higher), Middle education (includ-
ing lower and upper middle school), and Lower education
(primary school and lower). Tertiles of income at the total
population level were used to define high, middle and low
income levels in our study. Two categories of urbanicity
were defined by municipalities and administrative divisions
in China: urban areas and rural areas [26]. Based on these
covariates, population subgroups were formed for each of
the five regions.

Statistical analysis

To investigate whether food groups that reduced or increased
risk of one NCD also exhibited similar effects on the risks
of other NCDs, Spearman’s rank correlation was used to
test the correlations of RRs between the three NCDs [17].
Daily food consumption was summarized using the mean,
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Table 2 Association between diet-related summed risks of coronary
heart disease, diabetes type 2 and colorectal cancer for all participants,
and their socio-economic and demographic variables (regression coef-
ficients, presented in %)

Summed Risk
Coronary  Diabetes Colorec-
heart type 2 tal
disease cancer
Gender (ref: males)
Females 0.3 -4 5x** -2 .4xE*
Age (years, ref: 18-44)
45-64 3.1* -4.4%%* -1.4%%
> 65 6.6%%* -9.6%** 3.5k

Overweight status?
(ref: normal status)
Overweight 1.9 1.0 0.3
Educational level®
(ref: lower education)
Middle education -0.4 -2.2% -0.4
Higher education 2.2 -4.0%** -1.3*
Income level*
(CHY/year, ref: low)

Middle -1.6 4.3%%% 1.8%*

High -0.2 1.9% 0.8
Urbanicity>(ref: urban)

Rural 3.0* -1.3 0.7

TAll covariates are set as dummy variables. The regression coef-
ficients were obtained from multivariable linear regression model.
Significances of coefficient (presented in percentage) in regression
models are indicated: * p<0.05, ** p<0.01, *** p<0.001. Over-
weight status was defined as BMI equal to or above 25 kg/m?; 3Lower
education was defined as attended primary school or lower; Middle
education was defined as attended lower or upper middle school;
Higher education was defined as attended a technical school or
obtained a vocational degree or above. “The categories of income
were categorized by tertiles. Two categories of urbanicity: Urban
and rural areas were defined by municipalities and administrative
divisions in China. CHY: Chinese Yuan

median, and the 95% confidence interval (CI) for 15 food
groups per 2,000 kcal in the observed diets.

For the characteristic of participants, the Chi-square test
was used to compare unordered categorical variables, and
the Kruskal-Wallis rank test was used to compare ordered
categorical variables. Differences in food consumption
between observed diets and recommended diets were tested
using one way ANOVA. And p values <0.05 were consid-
ered statistically significant for all analyses [7]. To evaluate
the consistency of the estimated SRs of the three diet-related
NCDs (dependent variable) and their association with the
CHEI (independent variable), Pearson correlation coeffi-
cients (r) were calculated between each set of two of the
three NCD risks [24]. Multivariable linear regression models
were employed to explore the association between the esti-
mated SRs and gender, age groups, overweight, educational
level, income level, and urbanicity. The statistical analyses

were conducted using STATA 16.1 (StataCorp, USA) for
Windows, and R 4.1.2 was used for data visualization.

Results
Relative risks across 15 food groups

After identifying eligible studies, eleven dose-response
meta-analyses were used to extract RR data, which contain
a total of 134 cohort studies on coronary heart diseases, 166
cohort studies on type 2 diabetes, and 130 cohort studies on
colorectal cancer (Supplementary Table 6). Fourteen food
groups (whole grains, refined grains, fruits, vegetables,
legumes, nuts, tubers, aquatic products, dairy, eggs, poul-
try, red meat, sugar-sweetened beverages (SSBs), plant oils
(hereafter referred to as oils)) and one nutrient (sodium)
with reliable evidence of RRs were included in our study
[25, 27-39].

The findings revealed that food groups with risk-reducing
properties (RR < 1) were whole grains, fruits, vegetables,
and nuts, whereas risk-increasing food groups (RR>1)
were red meat, refined grains, sodium, and SSBs (Fig. 1, the
serving sizes of the food groups are listed in Supplementary
Table 7). Spearman’s rank correlations indicated that food
groups positively or negatively associated with one diet-
related NCD risk tended to have similar influences on the
risk of other NCDs (Supplementary Table 8).

Baseline characteristics and food consumption

Characteristics of the 12,809 adult participants (47% men
and 53% women, respectively) in the CNHS 2011 are shown
in Table 1, and the flow chat of participants is in Supplemen-
tary Fig. 1. Among the regions, Metropolitan areas had the
highest proportion (42%) of young adults, while the East
and Southwest regions had highest percentage of elderly
people (20%). Approximately 40% of participants were
overweight (BMI >25 kg/m?) in East, Northeast, and Met-
ropolitan areas, whereas overweight was relatively lower
(30%) in Southwest. Education levels showed regional
variations, with the proportion of participants with lower
education ranging from 12% in metropolitan areas to 47%
in the Southwest. Moreover, the largest proportion of par-
ticipants with high income was observed in Metropolitan
areas (66%), while this ranged from 16 to 37% across the
other four regions. Urban residents accounted for over 60%
of the total population in Metropolitan areas, whereas the
proportion was less than half in the other four regions.

The energy-standardized food consumption in grams of
observed diets in five Chinese regions are shown in Sup-
plementary Table 9. Consumption of whole grains, nuts,

@ Springer
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Fig. 1 Relative risks of coronary
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and dairy in observed diets among all regions were lower
than the recommendations in both recommended diets. For
example, the consumption of whole grains was 13.8 g per
day (14% and 12% of the reference values in the CDG-16
and the EAT-Lancet diet, respectively). In contrast, con-
sumption above the recommended levels was observed for
red meat, sodium, and refined grains. Vegetable consump-
tion in observed diets was the closet to the reference value
of 300 g and 240 g per day as recommended in the CDG-16
and the EAT-Lancet diet, respectively.

Reliability of the estimated summed risks

Inverse associations were observed between CHEI and
the estimated SRs for coronary heart disease, type 2 dia-
betes, and colorectal cancer (Fig. 2). While no associa-
tion was observed between CHEI and the estimated SRs
of type 2 diabetes, there was a strong positive correlation
(Pearson correlation coefficient, »=0.80) between esti-
mated SRs of type 2 diabetes and the estimated SRs of
colorectal cancer (Supplementary Table 10).

Diet-related NCD risks of observed and
recommended diets

Figure 3 illustrates the SRs of coronary heart disease, type
2 diabetes, and colorectal cancer for the observed diets,
the CDG-2016, and the EAT-Lancet diet. Compared to
the observed diets in five regions, substantial reductions
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in SRs were observed in both the CDG-2016 and the EAT-
Lancet diet for coronary heart disease (CDG-2016: 0.42,
95% CI 0.20-0.85; EAT-Lancet diet: 0.37, 95% CI1 0.17—
0.80), type 2 diabetes (CDG-2016: 0.48, 95% CI 0.26 to
0.91; EAT-Lancet diet: 0.46, 95% CI 0.22 to 1.06), and
colorectal cancer (CDG-2016: 0.55, 95% CI1 0.40 to 0.78;
EAT-Lancet diet: 0.59, 95% CI 0.39 to 0.97).

When comparing the observed diets between the five
regions in China, the diets in Southwest region showed
the highest risk of coronary heart disease (SR: 1.23; 0.79
to 1.91), followed by diets in Central (SR: 1.18, 0.74 to
1.83), Northeast (SR: 1.18, 0.70 to 1.78), East (SR: 1.17,
0.73 to 1.80), and Metropolitan regions (SR: 1.15, 0.70
to 1.85). Similarly, the diets in Southwest had higher SRs
for both type 2 diabetes and colorectal cancer compared
to the average diet across all regions (1.19, 95% CI 0.87
to 1.52 and 0.99, 95% CI 0.82 to 1.17 respectively).

The RRs, presented in Fig. 4, were further analyzed
to determine the contributions of different food groups
to the estimated SRs of three diet-related NCDs. Com-
paring the CDG-2016 and the EAT-Lancet diets with the
other regions, lower consumption of nuts (4.8 g per day)
was found to increase the risk of coronary heart disease
and type 2 diabetes. Additionally, high consumption of
refined grains (423.0 g per day) and sodium (3.3 g per
day), in particular, increased considerably risk of coro-
nary heart disease. Furthermore, red meat consumption
substantially increased the risk of type 2 diabetes and
colorectal cancer. In the Southwest region, the RRs of
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Fig. 2 Correlations between

the Chinese Healthy Eating
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(panel C; r = -0.25). The red
points in each panel represented
the CDG-2016, with a 100 out of
100 CHEI score and 0.42 (95%
CI: 0.20, 0.85), 0.48 (95% CI:
0.26,0.91), and 0.55 (95% CI:
0.40, 0.78) of estimated SRs for
coronary heart disease, type 2
diabetes, and colorectal cancer,
respectively. CDG-2016: Chinese
dietary guideline-2016
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Fig. 3 Estimated summed risks (SRs) of coronary heart disease, type 2 diabetes, and colorectal cancer for observed regional diets and recom-

mended diets

red meat for type 2 diabetes and colorectal cancer were
1.20 (95% CI 1.00 to 1.37) and 1.15 (95% CI 1.00 to
1.27). Similarly, in Metropolitan areas, the RRs of red
meat were 1.19 (95% CI 1.00 to 1.27) and 1.14 (95%
CI 1.00 to 1.27) for type 2 diabetes and colorectal can-
cer. Low dairy consumption (32.2 g per day) and whole
grains consumption (13.9 g per day) increased the risk of
colorectal cancer in all regions. Finally, the vegetables
reduced SRs across the three NCDs between observed
and recommended diets similarly.

The NCD risks in socio-economic and demographic
subgroups

Associations between participant characteristics and the
diet-related NCD risks are presented in Table 2, more
detailed information can be found in Supplementary Tables
11 to 13, with the estimated SRs of three NCDs ranging
from 0.87 (95% CI 0.70 to 1.03) to 1.29 (95% CI 0.79 to
1.92). Differences in SRs were observed in multivariable
linear regression models according to age groups (elderly
people had higher risks), and urbanicity (higher risks in
rural areas) for coronary heart disease. For type 2 diabetes
and colorectal cancer, significant differences were observed

@ Springer



European Journal of Nutrition

Coronary heart disease

Type 2 diabetes

Colorectal cancer

0.5

RR distribution of food group

0.0 o B B = o =

- i
o 1 L
=R
L =
||
4.0
S S ]
D A0 (B Btk 02® ot @ A WO ¢ R - I e A N0 (B a8k 0P oft ne?
“0\00_';9“‘\900(&@ eﬁia\a“"\‘«\“ﬁa«“ 'K°"0c,ﬂ‘°,‘,\,’2‘“o‘(\"'1> < ‘q,\a‘e\\ﬁ\‘“"f@\"“ (0‘00,’19«_\9“ 0(;‘(@7’ «° ‘a\’b‘e\)\\\"‘%@o
OV e o0 o OV e o0 oo OV WX o 60 oo®
o W W
Sodium [l Red meat [l Dairy B Nuts Fruits
Oils M Poultry [ Aquatic products [l Legumes Refined grains
[l ssBs Eggs I Tubers [l Vegetables ~ Whole grains

Fig.4 Contribution of summed risks by relative risk (RR) of each food
group for coronary heart disease, type 2 diabetes, and colorectal cancer
in observed and recommended diets. Stacked bar plots represent the
distribution of summed risk for each food group within these diets.

according to gender (females having lower SRs than males),
age groups (young adults had higher risks), educational
level (highly educated people had lower estimated SRs), and
income level (higher risks associated with higher income).
No differences were observed in estimated SRs according to
overweight status. The largest variations in SRs have been
found according to age groups. Specifically, elderly people
had the highest risk of coronary heart disease, which was
6.6% higher compared to the risk in young adults.

Discussion

Based on the meta-analyses of relative risks between NCDs
and food groups, we found that the food groups whole
grains, fruits, vegetables, and nuts likely reduce risks for
coronary heart disease, type 2 diabetes, and colorectal can-
cer, whereas red meat, refined grains, sodium and SSBs
increase these risks. The observed diets in all regions had
increased SRs for coronary heart disease and type 2 diabetes,
but a reduced SR for colorectal cancer. Both the CDG-2016
and the EAT-Lancet diet showed an inverse association with
the diet-related NCD risks. The hypothesis was confirmed
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The bars below zero are risk-reducing food groups that decrease the
risk of NCDs (1-RRreduction), while the bars beyond zero are risk-
increasing food groups that increase the risk of NCDs (RRincrease-1).
SSBs: sugar-sweetened beverages. Total: total average observed diet

by the associations between diet-related NCD risks and
socio-economic and demographic factors. The largest dis-
parities in SRs were found between age categories, where
the participants aged over 65 had around 10% lower risks
compared to those young adults (age <44). Moreover, the
SRs were lower for females vs. males, low-income level
versus other income levels, high educational level versus
lower educational levels, and urban residents versus rural
residents, although for overweight status there was no dif-
ference observed.

Validity and reliability of the RR data for specific food
groups is crucial to our study. The RR data we derived align
with a previous study [17], the food groups whole grains,
fruits, vegetables, legumes, nuts, dairy and plant oils were
associated with reduced risks, and additional servings of
salt, red meat, SSBs, and refined grains were associated
with increased risks for all these three NCDs. Although a
high sodium intake is an important contributing factor for
increasing risks of various NCDs [40, 41], we only found
a dose-response relationship for RR between sodium and
coronary heart disease. The reliability of our estimated SRs
is supported by their consistent associations with the CHEI
scores, which served as an independent method to assess
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the healthiness of the diet. Inverse associations were shown
between the CHEI and the estimated SRs of all three diet-
related NCDs.

Allthough the observed variation in diet-related health
outcomes across the regions is small, it corresponds to find-
ings from other studies in China. In areas in close proximity
to the east coast, the diet quality is reported to be higher than
in northern regions [9], which is in line with lower estimated
SRs in the eastern region compared to diets in the northeast
region and can be partially attributed to the higher consump-
tion of seafood in these areas. In coastal regions such as the
East and Metropolitan Areas, the consumption of aquatic
products almost meets the recommended level in the CDG-
2016 and exceeded the EAT-Lancet recommendations [42].
Moreover, the southwest ares had the highest risks for all
three diet-related NCDs according to our estimates. This
might be led by the coinstantaneous higher red meat and
lower whole grains consumption among these areas. Batis
and colleagues [43] reported that people living in south
areas tend to consume more high-fat meat and refined grains
rather than whole grains, and other two studies identified
that southwest areas’ consumers had higher red meat and
refined rice intake with the spicy-eating habits [44, 45].

Although geographical regions play a role in variations
of diet-related NCD risks, it is important to emphasize that
socio-economic and demographic factors, like age, gender,
educational level, income level, and urbanicity, also consid-
erably contribute to these differences. Among these factors,
the most notable associations were observed between esti-
mated SRs and age groups. In our data, young adults had
higher risks of colorectal cancer and type 2 diabetes based
on their current food consumption patterns. By contrast,
they had the lowest risks of coronary heart disease among
all age groups. This was mostly due to the excessive sodium
intake in diets of elderly people (more than double the refer-
ence value) [46, 47]. The lower risks of type 2 diabetes and
colorectal cancer among elderly individuals can be attributed
to their higher consumption of plant-based foods and lower
intake of red meat, which aligns with previous research
findings [48]. However, in the case of coronary heart dis-
ease, the increased risk associated with high sodium intake
in elderly people’s diets outweighed the reduction of risk
from the other food groups. With respect to gender, a study
that investigated the association of diet quality with major
cardiometabolic risk factors showed a 33% lower risk for
women compared to men after adjusting for potential con-
founders [49], which is consistent with the differences in the
estimated SR for coronary heart disease between females
and males observed in our study. When measuring the
healthiness of observed diets from CHNS 2011, large differ-
ences were found based for education level and urbanicity.
People with high educational level had a 19% higher CHEI

score versus those with lower educational level (58.4 vs.
49.3). Yuan and colleagues [24] also observed that high edu-
cation level positively associated with higher CHEI score
with a coefficient of 9.06 (95%CI: 8.47, 9.65). This finding
aligns with our estimated SR of coronary heart disease, as
diets of participants who had higher education backgrounds
in Northeast, East, and Southwest were associated with
lower risks compared to those with lower education lev-
els. The results for urbanicity in the aforementioned study
also match with our results: diets in urban areas had a 12%
higher CHEI score than those in rural areas. Another study
also supports our findings regarding the effect of income
inequality on diet-related NCD risks [24]. This study indi-
cated that improving affordability of diets could potentially
alleviate diet-related health problems among lower-income
populations.

We did not observe an association between overweight
and the estimated SRs. Using BMI as the measure of over-
weight status is not without controversy [50]. It is an inex-
pensive and easy measure of body composition and that
reflects time-integrated energy balance, but it is only weakly
associated to energy intake and physical activity at the time
of dietary assessment [51]. Moreover, as BMI is known as
a determinant of over/underreporting of food and energy
intake, we avoided a potential bias in the diet-BMI asso-
ciation by standardizing for energy intake when calculating
SRs based on food groups [52].

Some limitations of our study should also be noted.
Firstly, we assumed that the associations between food
groups and diseases were as linearity on each given inter-
vals. Under this assumption, the results we have obtained
may be different in smaller intervals compared to analyzing
with splines. However, using linear models in our study did
not yield a large difference in estimated NCD risks com-
pared to non-linear regressions, which is consistent with
the results of Schwingshackl et al. [53]. Secondly, given
the rapid changes occurring in China over the past years,
food consumption data from 2011 is a relatively long time
ago and might behind the times. However, the CHNS data
beyond 2011 are not accessible through open access chan-
nels. In addition, the temporal changes in dietary patterns
are relatively small over the past two decades. Therefore,
it is unlikely that using data from CHNS 2011 would seri-
ously affect the generalizability of our conclusions. Thirdly,
based on the existing dose-response meta-analysis data,
we specifically addressed three NCDs mentioned in our
study, and thus omitted other NCDs. However, analyzing all
NCDs is infeasible, and in the Chinese context these three
NCDs represent the most prevalent NCDs with significant
susceptibility to dietary factors [6, 54, 55]. Finally, the food
consumption data we used were from 2011 because newer
national data were not available, although it is likely that
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food consumption patterns have changed over time [56, 57].
Thus, there is a possibility that certain deviations would have
been overlooked. For example, meat consumption has been
persistently growing in recent years, which would result in
increasing risks on meat-related NCDs [6]. Our study also
has several strengths. Firstly, the meta-analyses used in our
study were deemed high-quality via the NutriGrade scor-
ing system and the AMSTAR-2 tools [12]. Secondly, our
approach enables the estimation of disease outcomes per-
taining to participants with diverse socio-economic and
demographic attributes. This allows a more nuanced under-
standing of the specific impact of dietary habits in various
demographic population subgroups and regions. Thirdly,
we employed a risk-based assessment approach to evaluate
the NCD risks. By deriving the RR data from dose-response
meta-analyses, we obtained more detailed information
about three individual NCDs rather than a generalized mea-
sure of overall health status at a lower resolution. Finally,
the RR data were based on the most comprehensive and up-
to-date dose-response meta-analyses, which mitigated the
uncertainties associated with relying solely on findings from
individual studies.

Conclusion

Substantial disparities in diet-related risks of coronary heart
disease, type 2 diabetes, and colorectal cancer were found
to be associated with socio-economic and demographic
factors, such as region and age, in China. To address this
heterogeneity, specific data on food consumption patterns
is needed for every region in China, to identify potential
innovative policies as well as tailored promotions to adhere
to diet recommendations.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00394-
024-03481-0.
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