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Abstract

The impact of diet on the metabolic syndrome (MetS) and CVD has been investigated widely, but few studies have investigated the association
between dietary patterns (DP) and the predicted CVD, derived from reduced rank regression (RRR). The objectives of this study were to derive
DP using RRR and principal component analysis (PCA) and investigate their associations with the MetS and estimated 10-year atherosclerotic
CVD (ASCVD). We used the baseline dataset from the Xinjiang multi-ethnic cohort study in China, collected from June 2018 to May 2019. A total
of 14 982 subjects aged 35-74 years from Urumqi, Huo Cheng and Mo Yu were included in the analysis. The 10-year ASCVD risk was estimated
using the Chinese ASCVD risk equations. The associations of DP with the MetS and 10-year ASCVD were determined using multivariable logistic
regression models. In Urumgqi and Mo Yu, the increased RRR DP score was associated with a higher OR of having the MetS and with a higher OR
of elevated 10-year ASCVD risk. However, only the first DP determined by PCA in Urumgqi was inversely associated with the MetS and elevated
10-year ASCVD risk. The prevalence of the MetS and elevated ASCVD risk in urban population is higher than that in rural areas. Our results may

help nutritionists develop more targeted dietary strategies to prevent the MetS and ASCVD in different regions in China.
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The metabolic syndrome (MetS) is a cluster of metabolic abnor-
malities that have been associated with an increased risk of
developing CVD™. Based on the findings from the China
National Health and Nutrition Surveillance (2010-2012), the
overall prevalence rate of the MetS among Chinese adults was
11-0%®. It has been estimated that men with the MetS have a
3-fold increased risk of CVD®. Atherosclerosis is the underlying
disease process that may result in atherosclerotic CVD (ASCVD)
including myocardial infarction, ischaemic stroke and peripheral
arterial disease™®.

Due to the increasing prevalence of metabolic diseases such
as obesity and diabetes, ASCVD has been globally considered a
serious public health issue. In 2018, an estimated 290 million
people had CVD and they are also the number one cause of mor-
tality in China, accounting for more than 40 % of all deaths®.
Given the human burden of ASCVD, risk assessment provides
guidance to clinicians in preventive interventions. Most risk pre-
diction models derived primarily from Western populations,

such as the Pooled Cohort Equations (PCE)®, might not be suit-
able for direct application in other ethnic populations. Therefore,
in 2016, the sex-specific prediction for ASCVD risk in China
(China-PAR) equations for 10-year risk prediction of ASCVD
was successfully developed and validated for the Chinese
population.

Among the influencing factors of CVD, healthy eating has been
implicated as a preventive behaviour to reduce the risk of
CVD®?. Furthermore, an overall healthy dietary pattern (DP)
has also been shown to be associated with reduced CVD risk!'?.
Information on mediating pathways/risk factors in diet-disease
studies may provide a better understanding of the role of diet
in disease development. Cardiometabolic traits, including the
components of the MetS, are typically important predictors for
CVD, but have also been implicated in carcinogenics?.
Reduced rank regression (RRR) can be used to derive DP that
maximally explain variation in a set of predetermined response
variables, typically intermediates related to disease risk.

Abbreviations: ASCVD, atherosclerotic CVD; China-PAR, prediction for ASCVD risk in China; DBP, diastolic blood pressure; DP, dietary pattern; MAP, mean
arterial blood pressure; MetS, metabolic syndrome; PCA, principal component analysis; RRR, reduced rank regression; SBP, systolic blood pressure; SES, social

economic status; WC, waist circumference.
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Because an a priori hypothesis can be incorporated in the form of
response variables, derived DP may be more readily linked to bio-
logical pathways relevant for disease aetiology'?. This is the ad-
vantage of RRR over traditional diet pattern principal component
analysis (PCA)!'®. DP derived using PCA tend to explain a high
proportion of the variability in dietary intake and hence describe
actual DP of the population?.

DP are different by geographical, region, ethnicity, economic
status and culture®>19. Located in the northwestern border of
China, Xinjiang is the largest provincial administrative region
in China with an area of 1-66 million square km, accounting
for one-sixth of China’s total land area. It is customary to call
the south of the Tianshan Mountains, south Xinjiang, and the
north of the Tianshan Mountains, north Xinjiang. As a multi-
ethnic area, forty-seven ethnic groups live here. For a long time,
complex and diverse dietary structures and habits have been
formed and different levels and types of dietary imbalances have
resulted in different prevalence rates of some chronic diseases.
At the same time, the imbalance of economic development has
caused widespread malnutrition and micro-nutrient deficiencies
in rural areas, especially in poor rural areas. According to the
International Diabetes Federation criteria, the age-standardised
prevalence of the MetS in Xinjiang was 21-33 %17, To the best
of our knowledge, since the establishment of the China-PAR
in 2016, it has not been used to predict 10-year risk of ASCVD
in Xinjiang population. Few studies have looked at the associa-
tion of DP with the MetS and the predicted 10-year risk of ASCVD
in Xinjiang Uyghur population®, and none has used RRR. The
present studies on DP related to metabolic disorders using the
RRR method are mainly carried out in European and American
populations. Given the unique and novel strengths of the RRR
methodology and its limited application to nutritional epidemi-
ology to date, further studies are needed to improve our under-
standing of the relationship between RRR-derived DP and the
MetS and estimated risk of ASCVD. Furthermore, the role of area
differences in diet with respect to the association with the MetS
and ASCVD is still uncertain.

Therefore, the aims of this study were to identify DP associ-
ated with blood metabolism biomarkers and to evaluate the
association of DP with the MetS and the predicted 10-year risk
of ASCVD in this multi-ethnic population in three different study
sites, in northwest China.

Methods
Study design and study population

The Xinjiang multi-ethnic cohort study (CNC) is a population-
based, prospective cohort established from April 2018 to May
2019. A non-probability sampling design method was used to
select three specific areas in Xinjiang based on their socio-
economic status, geographical location and ethnic distribution:
Urumgqi, Huo Cheng and Mo Yu. As the capital city of
Xinjiang, Urumqi has a relatively developed economy. Huo
Cheng is located in northern Xinjiang, which is a multi-ethnic liv-
ing area. Mo Yu is located in southern Xinjiang, about 1450 km
away from Urumgqi, and the economy is more backward than
other areas of Xinjiang. A total of 30 949 adults, aged 35-74 years,

Subjects included in the CNC
n 30949

Excluded (n 8306)
No blood lipids detected

Included n 22 643

Missing data (n 4548)
* Metabolic indicators
* Dietary data

Excluded (n 747)
Receiving diabetes treatment

Excluded (n 2366)
Occurred ASCVD at baseline

Data available for analysis
n 14982

Fig. 1. Flow diagram of subjects included in the Xinjiang multi-ethnic cohort
study (CNC). ASCVD, atherosclerotic CVD.

were enrolled. For the present study, we included only those
participants of the CNC with complete information regarding car-
diometabolic traits. We excluded any subject with acute myocar-
dial infarction or stroke and/or diabetes mellitus (based on self-
reported diabetes mellitus at baseline and/or use of anti-diabetic
drugs). Therefore, 14982 subjects (6098 males and 8884
females) with complete data on diet and cardiometabolic risk
factors were included in this study. Informed consent was
obtained from all participants, who were then interviewed in
person using structured questionnaires. The study was approved
by the institute of traditional Chinese medicine of Xinjiang
Uyghur autonomous region (2018XE0108). Detailed information
about the CNC study design has been described elsewhere*’
(Fig. D.

Laboratory measurements

Each participant was invited to provide a fasting blood sample.
Fasting blood glucose was measured in whole blood, and TAG,
total cholesterol, HDL-cholesterol and LDL-cholesterol were
measured in serum. The health service centres of each village
in the three survey sites were responsible for the blood glucose
and blood lipid detection by automatic biochemical analyzer.
The test methods and requirements are based on the national
clinical test operating procedures®?.

Dietary assessment

Habitual diet over the past year was assessed using the
interviewer-administered FFQ. Referring to the dietary question-
naire of natural population cohort study in northwest China and
combining the characteristics of Xinjiang diet, the final FFQ
included 127 foods items. The 127 food items were aggregated
into thirty food groups based on the similarity of nutrient com-
position and culinary usage. The food items and six food
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categories: Staple food, including rice, wheat and whole grains;
Animal food, including pork, lamb, beef, poultry and products,
seafood products, eggs and products of animal viscera, such as
offal; Plant-based food, including fresh vegetables, fresh fruits,
potato, beans and products; Dairy products, including milk,
yogurt, other dairy products, butter tea and milk tea; Other food,
including pickled/dried vegetables, nuts, red dates, gouji berries,
raisins and dried fruits; Soft drinks, including soya milk, pure
juice, carbonated drinks and other sugary drinks. For each food
item, participants reported the frequency of habitual consump-
tion but not quantities of food consumption. The frequency of
intake was measured using five categories: daily, 4-6 times a
week, 1-3 times a week, 1-3 times a month, never or rarely.
This FFQ has not been validated yet.

Metabolic syndrome assessment

The MetS was defined according to the Chinese Diabetes
Society criteria®”. The presence of >3 of the following
metabolic risk factors: (1) abdominal obesity: male waist cir-
cumference (WC) >90 cm and female WC > 85 cm; (2) hyper-
tension: systolic blood pressure/diastolic blood pressure
(SBP/DBP) >130/85 mmHg; (3) high triacylglycerolaemia:
TAG > 1-70 mmol/l; (4) low high-density lipoproteinaemia:
fasting HDL-cholesterol < 1-04 mmol/l; (5) hyperglycaemia:
fasting blood glucose > 6-1 mmol/I.

Estimated 10-year atherosclerotic CVD risk

The predicted 10-year risk of a first ASCVD event for adults aged
35-74 years was calculated using the China-PAR equation and
included the following variables: age (years), concentration of
total cholesterol (mmol/l), HDL-cholesterol (mmol/), treated
or untreated SBP (mmHg), diabetes status (defined here as
physician diagnosis), self-reported smoking status (yes, no),
BMI, WC, geographic region (northern China, southern
China), urbanisation (urban, rural) and family history of
ASCVD (yes, no). Participants with an ASCVD score of >5%
were considered to be at high risk for future ASCVD events.
The China-PAR equation has been validated and applied in pre-

vious studies?223,

Covariate assessment

Weight, height and WC were measured by investigators using
standard methods. Weight and height were measured, while
the participants were marginally clothed, without shoes using
an SK-X80 (Sonka Corporation) and recorded to the nearest
0-1kg and 0-1cm. The BMI was calculated as weight in kg
divided by the square of height in metres. The WC was measured
to the nearest 0-1 cm at the midpoint between the lower rib and
the iliac crest, at the end of normal expiration, while the partic-
ipants were standing. Blood pressure was measured using a stan-
dard mercury sphygmomanometer with the cuff on the right
upper arm after 5 min of rest. Two blood pressure readings taken
5 min apart were recorded, and the mean of the two readings
was calculated for SBP and DBP, together with the mean arterial
blood pressure (MAP). Face-to-face interviews were conducted
by investigators trained in administering the study

questionnaires. Investigators used a standardised questionnaire
to collect information regarding the participants’ demographic
characteristics, current smoking status, current drinking status,
physical activity, medical history and medication use. Social eco-
nomic status (SES) has a measurable and significant impact on
cardiovascular health. Individuals with low SES carry a substan-
tial burden of CVD and are more likely to experience increased
event rates and poorer outcomes?. In our study, SES data
included information regarding education: no formal education,
elementary, middle school, high school or higher, level of edu-
cation; Occupation: unemployed, laid-off, houseworker, farmer,
sales and service staff/worker, private owners, professional
skilled worker or administrative and management personnel;
Household assets (0-1, 2-3, >4); Income (<10 000, 10 000—
34 999, >34 999). These variables were used to construct a
SES sum score, in accordance with a previous study in
China®. The score ranges from 0 to 11 points and comprises
the domains education, occupation, income and household
assets. The exact procedure of the construction is depicted in
online Supplementary Table S1.

Statistical analysis

Data reduction techniques using RRR and PCA were used to
derive DP. Using PCA, a similar number of factors (thirty factors)
to food groups were produced. However, we retained eleven
factors, of which the first two were chosen based on scree plot,
eigenvalues (>2) and interpretability. Varimax rotation was
applied to attain optimal structure and increase the interpretabil-
ity of factors. Factor scores for each of the participants and the
retained factors were calculated as the sum of the products of
factor loading coefficients, which was standardised by the daily
intake of each food item. Sample adequacy was checked using
the Kaiser—-Mayer—Olkin (KMO) test.

In the RRR model, five components of the MetS (HDL-
cholesterol, TAG, fasting blood glucose, WC and MAP) were
the dependent variables (Yi) and were used simultaneously in
the model, and the thirty food groups (Xi) were the independent
variables. The statistical model can be expressed as Yi=a + f X Xi
+ €, where ¢ is the random error. Briefly, RRR extracts linear com-
binations (the so-called factors or DP) of predictor variables (e.g.
food intakes) that explain as much variation in response variables
(e.g. biomarkers of disease), as possible. We used the primary DP
for subsequent analyses because it explained the largest amount
of variation in MetS components®?”. For the development of DP,
we adjusted blood pressure levels in participants who reported
taking any blood pressure-lowering drugs by adding a correction
constant (systolic blood pressure +15 mmHg; diastolic blood pres-
sure +10 mnﬂ{g)(27). Since there was no adjusted criterion to
account for the effect of the medication on fasting blood
glucose®, we excluded all participants who self-reported using
medication for diabetes (72 747) for the RRR analysis. A score for
each participant for the primary RRR DP was calculated as the
weighted sum of the thirty food groups, with each food group
weighted according to its respective factor load value®”.

Finally, we performed multivariate logistic regression analy-
ses to evaluate associations between DP and the MetS and
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predicted 10-year ASCVD risk, with adjustment for potential con-
founding variables, such as age, sex, race, living area, SES, smok-
ing status, alcohol consumption (never, occasional, habitual)
and physical exercise (never, occasional, habitual). Trends
across the quartiles were examined using ordinal variables for
DP score and likelihood ratio test. All data analyses were con-
ducted using SAS version 9.4. Statistical significance was defined
as a P value < 0-05 in two-sided test.

Results

The social-demographic characteristics and lipid profiles of par-
ticipants by study site are presented in Table 1. The participants
from Urumgqi were older than those from Huo Cheng and Mo Yu.
Urumgi participants had the highest percentage of highly edu-
cated individuals, alcohol drinkers, were most physically active
and had the highest metabolic profiles. The highest percentage
of current smokers and the highest BMI scores were found in the
Huo Cheng participants, whereas the participants had the high-
est WC. The prevalence of the MetS and the predicted 10-year
ASCVD risk was significantly higher in Urumqi participants than
in those participants from Huo Cheng and Mo Yu.

The main factor loadings of the three retained patterns
derived by the three methods are presented in Table 2. A high
positive loading indicates a strong direct association between
the food group and the pattern, whereas a high negative loading
reflects a strong inverse association. The RRR-derived DP for
Urumgqi was characterised by greater intake of milk tea and by
lower intake of yogurt, gouji berries, red dates, dried vegetables,
nuts, eggs, fishes, seafood, whole grains and soyabean milk. The
major contributors to the first PCA pattern in Urumgi were rice,
beef, vegetables, nuts, red dates and gouji berries, all of which
were positively correlated with the pattern score. Factor 2 based
on the PCA was characterised by high positive loadings of milk,
yogurt, eggs and soyabean milk. The RRR-derived DP for Huo
Cheng participants was characterised by positive loadings of
lamb, milk products, milk tea, fruits and nuts and by negative
loadings of beef and fishes/seafood. The first PCA pattern had
high positive loadings of beef, beans, pickles and dried vegeta-
bles and had negative loadings of lamb. Factor 2 of the PCA was
characterised by high positive loadings of pasta, fruit, potatoes,
milk tea, as well as by a negative loading of whole grains. The
RRR-derived DP for Mo Yu was characterised by positive load-
ings of whole grains and red dates and by negative loadings of
beans, gouji berries, nuts, rice, milk and milk product and pure
juice. Factor 1 of the PCA was characterised by high consump-
tion of pasta, lamb, animal innards and pure fruit juice. The sec-
ond PCA pattern had high positive loadings of eggs, nuts, red
dates and raisins. In general, food groups showed lower factor
loadings on RRR patterns, resulting in fewer important food
groups.

The RRR-derived DP for Urumgqi participants explained
1-43% of the variation in the metabolic profile (explained
3-27% of the variation in the MAP and 3-13% of the WO).
Using PCA, 25-95 % of variation in predictors (thirty food groups)
was found, compared with 7-42 % of RRR. The RRR-derived DP
for Huo Cheng participants explained 1-59 % of the variation in
the metabolic profile (explained 2:12% of the variation in the

MAP and 3-41 % of the HDL-cholesterol) and 8-35 % in the pre-
dictor variables. The two PCA DP explained 25-55 % of total vari-
ance among thirty food groups. The RRR-derived DP for Mo Yu
participants explained 1-08 % of the variation in the metabolic
profile (explained 2-14% of the variation in the MAP and
2:35% of the WC) and 579 % in the predictor variables. Using
PCA, 22-:28 % of variation in predictors was found, compared
with 579 % of RRR.

Online Supplementary Table S2 shows the baseline charac-
teristics of the study population in different study sites by quar-
tiles of DP. In Urumqji, participants in the highest quartile of the
RRR-derived DP were more likely to be older, current smokers,
higher SBP, DBP, WC and have very lower SES. In Huo Cheng,
participants in the highest quartile of the RRR-derived DP were
more likely to be younger, higher WC and HDL-cholesterol. In
Mo Yu, participants in the highest quartile of the RRR-derived
DP were more likely to be older, higher SBP, DBP, WC, TAG,
HDL-cholesterol and have very lower SES.

Online Supplementary Fig. S1 presents the association
between the number of MetS components and elevated
ASCVD risk in participants in the three sites. As shown in this fig-
ure, with increasing in the components of MetS, the risk of
ASCVD increases.

The association with the MetS for quartiles and per 1 sp of the
DP score for the three study sites is presented in Table 3. A higher
RRR DP score increased the odds for the MetS in Urumgqi and
Mo Yu. In Urumgji, the OR for the MetS in the highest quartiles
compared with the lowest was 1-57 (95 % CI 1-26, 1-95),
Pror trend < 0-001 in the fully adjusted model. In Mo Yu, the OR
for the MetS in the highest quartiles compared with the lowest
was 1-23 (95 % CI 1-03, 1-48), Pior rend < 0-03 in the fully adjusted
model. In the analysis of the correlation between PCA DP and
the MetS, only the negative correlation between the MetS
and the first PCA DP in Urumgqi was found (OR 0-93; 95 % CI
086; 099, Pror trend = 0-157).

The association with predicted 10-year risk of ASCVD for
quartiles and per 1 sp of the DP score for the three study sites
is presented in Table 4. In Urumgi, the OR for the elevated
10-year ASCVD risk was 1-55 times higher in the highest quartiles
compared with the lowest quartiles of the DP (OR 1-55; 95 % CI
1-13, 2:13, Pior rena = 0-001). Per 1 sp increase of this DP, the esti-
mated 10-year elevated ASCVD risk increased by 13 % (OR 1-30;
95 % CI 1-15, 1-47) in fully adjusted model. The DP was not asso-
ciated with elevated 10-year ASCVD risk in Huo Cheng. In Mo
YU, the OR for the elevated 10-year ASCVD risk was 1-63 times
higher in the highest quartiles compared with the lowest quar-
tiles of the DP (OR 1:63; 95% CI 1-2, 208, Pro; trend < 0-001).
Per 1 sp increase of this DP, the estimated 10-year elevated
ASCVD risk increased by 12 % (OR 1-25; 95 % CI 1-14, 1-36) in
fully adjusted model. The analysis of the association between
PCA DP and predicted 10-year risk of ASCVD in different study
sites also found that only the first PCA DP in Urumgi was a pro-
tective factor for ASCVD.

Discussion

The high worldwide burden of CVD and diabetes as the most
common cause of mortality and morbidity has led many
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Table 1. Distribution of socio-demographic and CVD risk factors by site
(Numbers and percentages; mean values and standard deviations)

Urumgqi (n 4265) Huo Cheng (n 3467) Mo Yu (n 7250)
Variables n % n % n % Fly? P

Age (years) 1129.97 <0-001
Mean 59-88 50-16 5219
SD 943 9.77 10-26
Sex (females) 2635 618 1845 532 4404 607 70-33 <0-001
Ethnic group
Han 3732 875 457 10-9 6 0-1 747010 <0-001
Uyghur 108 25 1028 297 7217 99.5
Hui 360 84 1067 30-8 12 02
Kazakh 28 07 912 26-3 15 02
Other 37 0-2 3 0-1 0 0-0
Education
No formal education 464 109 814 235 1181 163 4145.90 <0-001
Elementary 1088 255 1639 47-3 5243 72-3
Middle school 1496 351 771 22.2 736 10-2
High school or higher 1217 28-5 243 70 90 1.2
Physical activity
Never 1734 40-7 2794 80-6 6942 95-8 532017 <0-001
Occasional 813 191 509 14.7 178 25
Habitual 1718 40-2 154 4.7 130 1.7
SES (very low) 716 16-8 1877 541 4428 511 421377 <0-001
Current smoking status 616 144 861 24.8 637 88 498-95 <0-001
Alcohol drinking status
Never 3331 781 2870 828 5835 94.3 909-30 <0-001
Occasional 726 170 550 159 187 2:6
Habitual 208 4.9 47 1-4 228 31
Weight (kg) 418-40 <0-001
Mean 66-96 68-42 61.95
SD 11-31 12.61 12.42
Height (cm) 540-90 <0-001
Mean 161-89 161-29 157-06
sD 826 9.00 844
WC (cm) 93.57 <0-001
Mean 88.77 89-33 91.48
SD 9-87 11.43 11.64
SBP (mmHg) 32149 <0-001
Mean 128-83 126-18 119-75
SD 17-79 20-46 20-15
DBP (mmHg) 204-60 <0-001
Mean 77-38 74.54 72.94
SD 10-42 10-71 12.19
TC (mmol/l) 95.71 <0-001
Mean 4.98 4.92 4.55
SD 1.50 1.30 218
HDL-cholesterol (mmol/l) 136-19 <0-001
Mean 1-51 1.33 1.34
SD 0-52 076 0-53
TAG (mmol/l) 135-25 <0-001
Mean 1.78 1-46 1.37
SD 1.30 0-98 145
FBG (mmol/l) 33544 <0-001
Mean 5-89 548 521
SD 1-80 1.24 1-09
MetS 1134 26-6 728 210 1631 225 38-69 <0-001
MetS components
1 1151 270 1138 32-8 2475 341 192.38 <0-001
2 1463 343 1045 30-1 2462 34.0
3 823 19-3 572 16-5 1180 163
4 286 67 139 4.0 390 54
5 25 0-6 17 05 61 08
ASCVD risk
<5% 1803 423 2192 632 4839 66-7 725-33 <0-001
5-10% 1467 344 654 18-9 1438 19-8
>10 995 232 621 179 973 134

SES, social economic status; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; FBG, fasting blood glucose; MetS, meta-
bolic syndrome; ASCVD, atherosclerotic CVD.
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Table 2. Factor loadings of food groups in dietary patterns (DP) identified using reduced rank regression (RRR) and principal component analysis (PCA)*

Urumqi (n 4265)

Huo Cheng (n 3467) Mo Yu (n 7250)

Food groups RRR PCA1 PCA2 RRR PCA1 PCA2 RRR PCA1 PCA2
Rice -0-19 - - - - —-0-26 - -
Pasta - - - - 0-51 - - 013
Grains -0-22 0-30 025 0-20 - -0-42 027 - -
Pork -0-20 -0-15 - -0-15 - -0-23 - - -
Lamb - 014 0-21 049 —-0-49 0-28 -0-18 - 0-11
Beef 013 0-14 - -0-28 0-65 - -0-14 - 0-11
Poultry -017 013 015 - 0-16 018 - 0-14 -017
Seafood -0-24 0-23 0-11 -0-17 0-19 - -0-11 0-11 -
Eggs -0-24 017 0-55 012 - - 0-11 - 0-63
Animal innards - - -0-25 0-16 - - -0-10 - -
Vegetables - - - -0-10 - 0-34 0-15 - 017
Fruits -0-20 013 013 0-27 -0-14 0-53 - - -
Potatoes - 022 0-20 - - 0-68 -013 0-11 0-23
Beans - 017 0-33 - 0-46 - -0-37 0-29 -0-28
Milk -0-10 - 072 0-21 - 019 -0-23 0-14 -
Yogurt —0-31 0-26 0-65 0-11 012 - - - 012
Other dairy products - - - 0-36 -0-25 0-34 -0-25 0-15 -0-23
Shortening tea 0-14 - - - - - - - -
Milk tea 0-30 - 013 0-33 -0-35 0-35 -0-14 - -
Pickles - 0-11 - -0-14 0-69 - -0-20 0-14 -
Dried vegetables -0-21 0-40 0-20 - 0-69 017 - -0-15 0-34
Nuts -0-26 077 0-15 0-23 - 0-18 0-24 -0-14 0-74
Red dates -0-26 0-81 017 0-11 - - 0-25 0-14 0-58
Gouji berries -0-29 0-81 013 - 0-21 - —-0-34 0-66 -
Raisins -0-25 0-84 - 012 - - - - 0-66
Dried apricots -0-25 077 - 0-14 - - -0-27 0-66 0-20
Soyabean milk -0-21 0-21 0-46 - 0-11 - -0-19 0-69 -
Pure fruit juice - 0-18 0-22 - 0-18 0-11 -0-22 0-80 -
Carbonated drinks - - - 012 - - -0-13 0-31 -
Other drinks - - - - - - - - 0-16

*Loadings lower than 10-1] were deleted for simplicity.

researchers across the globe to investigate the link between the
MetS and diet as a modifiable factor. This survey was conducted
in typical multi-ethnic rural areas in China, where the main eth-
nic groups include Han, Uyghur, Kazakh and Hui. They have
special genetic characteristics and lifestyle which are quite dif-
ferent from either the Hans in inland provinces of China or
American/European populations®”. In our study, we found
large differences in the eating habits of participants between
the three survey sites. Potential influencing factors of the
MetS include accelerated urbanisation and economic growth.
As the representative city with the fastest economic develop-
ment in Xinjiang, Urumqi has a higher MetS prevalence and
10-year ASCVD risk than the other two survey sites. This is sim-
ilar to the previous comparative analysis of MetS prevalence
among urban and suburban populations in Beijing®". In this
study, as the components of the MetS increase, the high-risk
ASCVD rate increases. In a relatively large-scale prospective
cohort study among the Korean population, an association
between MetS, insulin resistance and CVD was found. The
MetS was associated with risk of CVD, independent of insulin
resistance for 10 years of follow-up. Also, the hazard ratio for
CVD increasing number of MetS
component

We identified and compared DP using two analysis methods.
Using PCA, we derived two DP which characterised the dietary
habits of the study population. In Urumgj, the first DP was char-
acterised by high intake of rice, beef, vegetables, nuts, red dates

increased  with
532

and gouji berries; the second one consisted of high intake of
milk, yogurt, eggs and soyabean milk. Food composition of
these DP partially overlapped with this ‘traditional healthy’ DP
examined by the previous study in Xinjiang®®. The major con-
tributors to the first PCA pattern in Huo Cheng were beef, beans,
pickles, dried vegetables and lamb. The second DP was charac-
terised by high positive loadings of pasta, fruit, potatoes, milk
tea, as well as by a negative loading of whole grains. Similar
DP to those obtained in this study were also identified among
Kazakh adults. The DP of the Kazakh are divided into four types:
wheat, rice and dairy (36 %); vegetable, dairy and livestock
(31-4%); wheat and dairy (25:3%); and wheat-cereal
(7-3 %)(34); based on a cross-sectional study of the diet of adult
Uyghur residents in Ka shi, four main DP of the population in
this area were determined. It includes the DP of grain and veg-
etables; fruits and milk; meat and eggs; dried fruits and nuts®>.
Consistent with results from the Ka shi population, the first Mo
Yu DP in this study was characterised by high intake of pasta,
lamb, animal innards and pure fruit juice; the second one con-
sisted of high intake of eggs, nuts, red dates and raisins.

In Urumgji, the RRR-derived DP was characterised by greater
intake of milk tea and by lower intake of yogurt, gouji berries, red
dates, dried vegetables, nuts, eggs, fishes, seafood, whole grains
and soya milk. The Huo Cheng RRR-derived DP was characterised
by positive loadings of lamb, milk products, milk tea, fruits and
nuts and by negative loadings of beef and fishes/seafood. The
RRR-derived DP for Mo Yu was characterised by positive loadings
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Table 3. Observing metabolic syndrome by quartiles (Q) and per 1 sp of the dietary pattern (DP) score
(Odds ratios and 95 % confidence intervals)

Urumagi (n 4265) Huo Cheng (n 3467) Mo Yu (n 7250)

Crude model Adjusted model* Crude model Adjusted modelt Crude model Adjusted model}

Food groups OR 95 % ClI OR 95 % ClI OR 95 % ClI OR 95 % ClI OR 95 % ClI OR 95 % CI
RRR

Q1 1 1 1 1 1 1

Q2 133 1.09,163 130 1.05160 079 064,099 087 069 111 113 097,132 109 093,128

Q3 148 1.22,1.81 139 113,171 073 058,091 099 075130 113 097,132 1.09 092, 129

Q4 1.83 1.51, 2.23 157 1.26,1.95 058 0.05,073 089 061,128 117 1.00,1-37 1.23 1.03, 1-48

Pirend <0-001 <0-001 <0-001 0-663 0-069 0-040

DP (per 1 sp increase) 1.24 1-16, 1.33 117  1.08, 1-.27 0-81 0-74,0-88 093 081,107 1.08 1.03,1-14 1.11 1.04, 119
PCA1

Q1 1 1 1 1 1 1

Q2 1.00 083,121 094 077,114 099 078,126 087 068 112 119 1.02,139 115 0.99, 1.35

Q3 096 079,116 092 076,112 117 092,147 093 071,121 1.11 095,130 113 096, 1-32

Q4 085 070,103 080 065097 123 098,156 1.00 076,134 1.07 091,125 1.12 0.95, 1.31

Pirend 0-305 0-157 0-161 0-612 0-180 0-290

DP (per 1 spincrease) 094 0-88,1.00 093 086,099 1.08 099,117 099 090,110 1.01 096,1.07 1.04 098, 1-09
PCA2

Q1 1 1 1 1 1 1

Q2 1.04 086, 1:25 1.04 0-86, 1-26 120 091,158 115 086,152 1.03 0-88, 120 1.04 090,122

Q3 093 075,116 092 074,115 1.06 084,134 113 088,144 1.05 089,125 1.05 088,125

Q4 101  0-84,1-21 1.01 082,122 090 072,113 110 086,140 097 085,111 098 086,113

Pirend 0-806 0720 0-124 0-750 0-810 0-834

DP (per 1 sp increase) 099 093, 1.06 099 092, 1.06 093 085,100 099 091,108 099 094,1.05 099 094, 1.05

RRR, reduced rank regression; PCA, principal component analysis; SES, social economic status.

*Urumqi adjusted model: adjusted for age, sex, race (han, other), very lower SES (no, yes), current smoking status (no, yes), alcohol drinking status (never, occasional, habitual),

physical exercise (never, occasional, habitual) and living area.

1 Huo Cheng adjusted model: adjusted for age, sex, race (Han, Uyghur, Hui, Kazakh), very lower SES (no, yes), current smoking status (no, yes), alcohol drinking status (never,
occasional, habitual), physical exercise (never, occasional, habitual) and living area.

1 Mo Yu adjusted model: adjusted for age, sex, very lower SES (no, yes), current smoking status (no, yes), alcohol drinking status (never, occasional, habitual), physical exercise (no,

yes) and living area.

of whole grains and red dates and by negative loadings of beans,
gouji berries, nuts, rice, milk and milk product and pure juice.

Obviously, the DP extracted by the two methods in this study
are different. We found that even though the explained bio-
marker variation was low, RRR-derived DP were more strongly
associated with diseases than PCA-derived patterns. PCA does
not necessarily explain the variation and amount of nutrient
intake in the identified patterns, rather it explains the cultural
and behavioural aspects of food®®. In line with this, our results
showed that although PCA explains the highest variation in food
groups, only the first DP derived from PCA in Urumgqi was sig-
nificantly associated with the MetS and ASCVD.

Although the DP derived from a RRR depend on the bio-
markers and data included, the food groups that characterised
the DP identified in this study have also been reported previ-
ously to exert protective effects against the MetS and ASCVD.
For example, some scholars derived DP using the RRR method
with the MetS as the intermediate variables and found a DP char-
acterised by several foods including those with high glycaemic
indices, high-fat meats, cheeses and processed foods and nega-
tively correlated with intakes of vegetables, soya, fruit, green and
black tea, low-fat dairy desserts, seeds, nuts and fish®”. A recent
study using data from the China Health and Nutrition Survey
reported that the primary RRR dietary score was positively cor-
related with intakes of wheat or its products, but negatively cor-
related with low intakes of rice or its products, dark vegetables
and animal oil for both sexes®®,

Results of this study support the current dietary guidelines
(Dietary Guidelines for Chinese, DGC-2016), suggesting, for
example, increasing the consumption of dairy and nuts®?. A
cross-sectional study, conducted among 130 420 subjects, con-
cluded that higher milk consumption was associated with the
lower odds of the MetS in Korean adults“?. Prospective cohort
studies consistently suggest that yogurt consumption may con-
tribute to a reduction in adiposity indexes, the risk of the MetS
and diet-related cardiometabolic diseases'=%2. Our study in
Urumgi showed that yogurt had the highest impact on the meta-
bolic profile-associated DP. However, it may be due to the short-
age of cow resources, which leads to the low consumption of
milk and dairy products in Mo Yu. Besides yogurt, milk tea is
the second popular dairy product in Xinjiang. So, it is worth not-
ing the relationship between milk tea and the risk of MetS and
predicted ASCVD. Hydrogenated vegetable oils used in the
processing of dairy products such as milk tea also contain a large
amount of trans-fatty acids“?. The high intake of trans-fatty
acids promotes arteriosclerosis and causes type 2 diabetes and
heart disease“?.

Epidemiologists found a negative correlation between the
frequency of nut consumption and the incidence of the
MetS“? | and the beneficial effects of nuts on cardiovascular
health are attributed to their abundance of a variety of bioactive
compounds. Another study has shown that people with higher
whole-grain intake have a 29 % lower ASCVD risk than those
with lower whole-grain intake“”. However, the opposite result
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Table 4. Predicting 10-year atherosclerotic CVD risk by quartiles (Q) and per 1 sp of the dietary pattern (DP) score

(Odds ratios and 95 % confidence intervals)

Urumgi (n 4265)

Huo Cheng (n 3467) Mo Yu (n 7250)

Crude model Adjusted model* Crude model Adjusted modelt Crude model Adjusted modelf
OR 95 % ClI OR 95 %Cl OR 95 % ClI OR 95%Cl OR 95 % Cl OR 95 % Cl

RRR

Q1 1 1 1 1 1 1

Q2 158 1.33,1-87 153 114,205 092 0-75,1-13 099 074,133 111 096,129 117 093,146

Q3 244 2.05,290 222 1-64,3.00 068 055084 092 065130 154 134,178 1.34 1.07,1.68

Q4 346 289,414 155 113,213 050 040,062 079 050,123 243 211,280 163 1.27,2.08

Pirend <0-001 0-005 <0-001 0-340 <0-001 <0-001

DP (per 1 sp increase) 169 158,181 1.30 1.15,1.47 074 069,080 087 073,103 1-41 1.34, 1.49 125 1.14,1.36
PCA1

Q1 1 1 1 1 1 1

Q2 123 1.03,146 071 053,096 128 1.06,156 117 087,158 122 1.06,139 091 074,113

Q3 099 083,117 077 057,103 138 113,167 130 095179 089 078103 105 085, 129

Q4 0-83 0-70,098 057 042,076 1.07 088,131 095 068134 070 061,081 102 0482 127

Pirend <0-001 0-003 0-004 0-116 <0-001 0-605

DP (per 1 spincrease) 092 0-86,097 083 075,093 1.06 099 114 1.03 092,117 086 083,091 1.02 0495 110
PCA2

Q1 1 1 1 1 1 1

Q2 110 093,130 132 1.00,1.7 1.03 082,130 087 062,123 009 078,102 0-85 0-69, 1-05

Q3 093 077,113 085 062,116 079 064,096 080 060, 107 09 082,112 087 069 110

Q4 0-87 074,102 077 059,103 068 057,082 094 071,125 076 067,085 088 073, 106

Pirend 0-031 0-002 <0-001 0-454 <0-001 0-360

DP (per 1 sp increase) 093 088,099 087 079,097 0-86 081,092 097 088,108 090 086,094 095 0-88,1.03

RRR, reduced rank regression; PCA, principal component analysis; SES, social economic status.
*Urumqi adjusted model: adjusted for age, sex, race (han, other), very lower SES (no, yes), current smoking status (no, yes), alcohol drinking status (never, occasional, habitual),

physical exercise (never, occasional, habitual) and living area.

1 Huo Cheng adjusted model: adjusted for age, sex, race (Han, Uyghur, Hui, Kazakh), very lower SES (no, yes), current smoking (no, yes), alcohol drinking (never, occasional,

habitual), physical exercise (never, occasional, habitual) and living area.

1 Mo Yu adjusted model: adjusted for age, sex, very lower SES (no, yes), current smoking (no, yes), alcohol drinking (never, occasional, habitual), physical exercise (no, yes) and living

area.

was found between whole grains and the risk of the MetS and
elevated ASCVD in Mo Yu. Mo Yu is one of the poorest areas
in Xinjiang, and people have low SES. Increasing whole-grain
cereals only may not influence adiponectin levels, but levels
could be modified by a fibre-rich, low-fat, low-glycaemic index
diet, possibly through changes in gut microbiota®”. A study
examined anthropometric and biochemical parameters in
patients with the MetS after the consumption of gouji berries,
and results suggested that it is an effective dietary supplement
for the prevention of CVD in individuals with the MetS“®. Our
results are also in agreement with a study that found that lower
consumption of gouji berries and eggs may increase the risk of
the MetS and elevated ASCVD“?, Studies on the relationship
between eggs intake and the MetS and ASCVD are inconsistent.
A previous study has suggested that incorporating daily eggs
intake into a moderately carbohydrate-restricted diet provides
further improvements in the atherogenic lipoprotein profile
and in insulin resistance in individuals with the MetS®?.,

Strengths and limitations

To the best of our knowledge, this study is the first to investigate
potential relationships between overall diet and metabolic pro-
files in Xinjiang. We are aware that the RRR method is limited to
existing studies with biomarkers or intermediate variables and
knowledge of the diet-disease association. Nevertheless, this

innovative method has the advantage of investigating the path-
way between diet and disease, as opposed to exploratory factor
analysis and cluster analysis which are entirely data driven. The
strength of our study included the large sample size and the fact
that we included three survey sites with different geographical,
cultural and socio-economic characteristics. We focused on cen-
tral obesity rather than BMI. The reasons are as follows. First,
according to the International Diabetes Federation criteria defi-
nition, central obesity is the first step to defining the MetS, fol-
lowed by the other International Diabetes Federation criteria
factors. Additionally, it was associated with insulin resistance
and contributed to the MetS and its components. Moreover, sig-
nificant evidence linked larger WC with the development of
CVvDOD, Most importantly, the prevalence of adult central
obesity in Xinjiang is significantly higher than that in other
regions!”,

We acknowledge that our study has some limitations. First,
we acknowledge that the retrospective FFQ bears the risk of
under- or over-reporting of food items in the dietary assess-
ments. The administration of a locally specific FFQ, by trained
nurses of the same cultural background and language helped
to keep this information bias to a minimum. Second, our
cross-sectional analyses may be affected by reverse causation
due to changes in dietary behaviour as a result of developing
MetS. Third, residual confounding, particularly from physical
activities that are hard to measure precisely with a self-report
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questionnaire and that are closely related to both the MetS and
diet in terms of energy intake and type of DP. Furthermore, since
the FFQ used in our study only investigated food group intake
without reporting single foods, it is impossible to accurately cal-
culate the individual’s daily energy intake. Finally, because infor-
mation regarding hyperlipidaemia medication was not available,
HDL-cholesterol and TAG were not adjusted in those partici-
pants taking lipid-lowering medication. Further studies are
needed to explore the association of DP with the MetS and
ASCVD 10-year risk using a longitudinal study.

Conclusion

We derived DP that reflected metabolic profiles using RRR and
PCA. These DP were associated with higher risk of the MetS and
elevated 10-year ASCVD risk in Chinese adults. Our findings sug-
gest that using metabolic profile biomarkers as response varia-
bles in RRR may be a promising approach to identify DP
related to chronic disease risk. Furthermore, our findings may
help clinicians and dietitians develop dietary strategies for pre-
venting the MetS and ASCVD.

Acknowledgements

We sincerely thank these rural multi-ethnic residents for their
willingness to participate in the study. We are grateful to the
advisory board members for their valuable support in CNC
study. We would also like to thank Qi Sun from the institute
of traditional Chinese medicine of the Uyghur autonomous
region and Gao-Feng Sun from the Urumqi centre for disease
control and prevention for their efforts in the research and
implementation process.

Supported by the National Key Research and Development
Plan: China Northwest Cohort (SQ2017YFSF090013); Xinjiang
multi-ethnic cohort study (2017YFC0907203); ‘The 13th five
year’ key discipline of the autonomous region (high plateau)-
public health and preventive medicine.

G. H,, D. L.-W. and J. H.-D. designed the research; Y. M., G.
H., Z. C,T. T, T. L. and D. A. contributed to the analysis and
interpretation of data for the work; G. H., W. H.-F., H. L.-P., L.
W., G. Z.-Z. and L. R.-L. wrote the paper; T. L. and J. H.-D. con-
tributed to acquisition of the data; and all authors provided input
and approved the final manuscript.

None of the authors has any conflicts of interest to declare.

Supplementary material

For supplementary materials referred to in this article, please visit
https://doi.org/10.1017/5000711452000478X

References

1. Mottillo S, Filion KB, Genest J, et al. (2010) The metabolic syn-
drome and cardiovascular risk a systematic review and meta-
analysis. ] Am Coll Cardiol 56, 1113-1132.

2. He YN, Zhao WH, Zhao LY, et al. (2017) Prevalence of meta-
bolic syndrome in Chinese adults in 2010-2012. Zhonghua Liu
Xing Bing Xue Za Zbi 38, 212-215.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lu JL, Wang LM, Li M, et al. (2017) Metabolic syndrome among
adults in China: the 2010 China noncommunicable disease sur-
veillance. J Clin Endocrinol Metab 102, 507-515.

Khaki KF, Yaghoubi A, Zarghami N, et a/. (2011) Evaluation of
hs-CRP, antioxidant markers and MDA in patients of coronary
artery disease (CAD) containing non-smokers and non-dia-
betics. J Cardiovasc Thorac Res 2, 13-18.

Hu SS, Gao RL, Liu LS, et al. (2019) Summary of “China
Cardiovascular Disease Report 2018”. Chin ]| Recycl 34,
209-220.

Goff DC, Lloyd-Jones DM, Bennett G, et al. (2014) 2013 ACC/
AHA guideline on the assessment of cardiovascular risk: a
report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines.
Circulation 129, S49-S73.

Yang XL, Li JX, Hu DS, et al. (2016) Predicting the 10-year risks
of atherosclerotic cardiovascular disease in Chinese popula-
tion: the China-PAR Project (Prediction for ASCVD risk in
China). Circulation 134, 1430-1440.

Han C, Liu FC, Yang XL, et al. (2018) Ideal cardiovascular health
and incidence of atherosclerotic cardiovascular disease among
Chinese adults: the China-PAR project. Sci China Life Sci 61,
504-514.

Delgado 1J, Perez MP, Garcia RA, ef al. (2016) Mediterranean
diet and cardiovascular risk: beyond traditional risk factors.
Crit Rev Food Sci Nutr 56, 788-801.

Sotos PM, Bhupathiraju SN, Mattei ], et al. (2015) Changes in
diet quality scores and risk of cardiovascular disease among
US men and women. Circulation 132, 2212-2219.

Stocks T, Bjgrge T, Ulmer H, et al. (2015) Metabolic risk score
and cancer risk: pooled analysis of seven cohorts. Int J
Epidemiol 44, 1353-1363.

Van Dam RM (2005) New approaches to the study of dietary
patterns. Br J Nutr 93, 573-574.

Schulze MB & Hoffmann K (2006) Methodological approaches
to study dietary patterns in relation to risk of coronary heart dis-
ease and stroke. Br J Nutr 95, 860-869.

Hoffmann K, Schulze MB, Schienkiewitz A, et al. (2004)
Application of a new statistical method to derive dietary
patterns in nutritional epidemiology. Am J Epidemiol 159,
935-944.

Imamura F, Lichtenstein AH, Dallal GE, et al. (2009)
Generalizability of dietary patterns associated with incidence
of type 2 diabetes mellitus. Am J Clin Nutr 90, 1075-1083.
Xu SH, Qiao N, Huang JJ, et al. (2016) Gender differences in
dietary patterns and their association with the prevalence of
metabolic syndrome among Chinese: a cross-sectional study.
Nutrients 8, 180.

GuoH, Gao X, Ma RL, et al. (2017) Prevalence of metabolic syn-
drome and its associated factors among multi-ethnic adults in
rural areas in Xinjiang, China. Sci Rep 7, 17643.

Liu JB, Yao H, Zhang L, et al. (2016) Study on the relationship
between dietary patterns and metabolic syndrome and its com-
ponents in Xinjiang Uygur population. Wei Sheng Yan Jiu 45,
725-732.

Dai JH, Tong M, Sun Q, et al. (2019) Research on the
cohort construction of multi-ethnic natural population in
Xinjiang: Baseline characteristics of research objects
in Moyu County, Hetian area. J Xinjiang Med Univ 10,
1237-1243.

Shang H, Wang Y, Shen ZY (2015) The Fourth Edition of
National Clinical Examination Procedures [M]. Beijing:
People’s Medical Publishing House.

Chinese Medical Association Diabetes Branch (2013) China
guidelines for the prevention and treatment of type 2 diabetes
(2013 edition). Chin J Diabetes 6, 447-498.

ssaid Anssanun abprguie) Aq auljuo paysiiand x8/70002S L L£000S/£L0L 0L/BI0 10p//:sd1y


https://doi.org/10.1017/S000711452000478X
https://doi.org/10.1017/S000711452000478X

ot

British Journal of Nutrition

922

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

G. Hailili et al.

Zeng NM, Zheng XW, Peng H, et al. (2018) Validation of the
China-PAR equations for cardio-cerebrovascular risk prediction
in the inner Mongolian population. Biomed Environ Sci 31,
463-400.

Li HH, Huang S, Liu XZ, et al. (2019) Applying the China-PAR
risk algorithm to assess 10-year atherosclerotic cardiovascular
disease risk in populations receiving routine physical examina-
tions in Eastern China. Biomed Environ Sci 32, 87-95.
Schultz WM, Kelli HM, Lisko JC, et al. (2018) Socioeconomic
status and cardiovascular outcomes: challenges and interven-
tions. Circulation 137, 2166-2178.

Xue XD, Jiang GH, Song GD, et al. (2019) The influence of
the social and economic status of Tianjin residents on
health-related behaviors. Chronic Dis Prev Control China
27, 360-3063.

Seah JYH, Ong CN, Koh WP, et al. (2019) A dietary pattern
derived from reduced rank regression and fatty acid biomarkers
is associated with lower risk of type 2 diabetes and coronary
artery disease in Chinese adults. J Nutr 149, 2001-2010.
Tobin MD, Sheehan NA, Scurrah KJ, et al. (2005) Adjusting
for treatment effects in studies of quantitative traits: antihyper-
tensive therapy and systolic blood pressure. Stat Med 24,
2911-2935.

Goodwin PJ, Pritchard K1, Ennis M, et al. (2008) Insulin-lower-
ing effects of metformin in women with early breast cancer.
Clin Breast Cancer 8, 501-505.

Nettleton JA, Steffen LM, Schulze MB, et al. (2007) Associations
between markers of subclinical atherosclerosis and dietary pat-
terns derived by principal components analysis and reduced
rank regression in the Multi-Ethnic Study of Atherosclerosis
(MESA). Am J Clin Nutr 85, 1615-1625.

Wang YT, Tao J, Maimaiti A, et al. (2017) Prevalence of
valvular heart diseases and associated risk factors in Han,
Uyghur and Kazak population in Xinjiang, China. PLOS ONE
12, e0174490.

Ge Y, Li RJ, Xu YJ, et al. (2013) Comparative analysis on the
prevalence of metabolic syndrome among suburban
residents in Chaoyang district, Beijing. Clin Meta-Anal 28,
203-205.

YunJE, Won SY, Sung JD, et al. (2012) Impact of metabolic syn-
drome independent of insulin resistance on the development of
cardiovascular disease. Circ J 76, 2443-2448.

Li L, Gong LQ, Zhang YH, et al. (2013) Relationship between
dietary patterns and non-alcoholic fatty liver disease in a physi-
cal examination population in Karamayi, Xinjiang. Chin J
Health Manag 7, 312-316.

Gu XY (2014) Study on the Relationship Between Dietary
Factors and Metabolic Syndrome in Kazak Ethnic Group in
Xinjiang. China: Shihezi University.

Liu JB, Yao H, Zhang L, et al. (2016) Study on the correlation
between dietary patterns and metabolic syndrome and its com-
ponents in Xinjiang Uygur. ] Hyg Res 5, 725-732.

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

40.

47.

48.

49.

50.

51

Willett W (2013) Nutritional Epidemiology. New York: Oxford
University Press.

Liu L, Nettleton JA, Bertoni AG, et al. (2009) Dietary pattern, the
metabolic syndrome, and left ventricular mass and systolic
function: the Multi-Ethnic Study of Atherosclerosis. Am J Clin
Nutr 90, 362-308.

Cheng MW, Wang HJ, Wang ZH, et al. (2017) Correlation
between dietary patterns and metabolic syndrome based on
reduced rank regression. J Nutr 39, 121-126.

Wang SS, Lay S, Yu HN, et al. (2016) Dietary guidelines for
Chinese residents: comments and comparisons. J Zbejiang
Univ Sci B 17, 649-650.

Shin S, Lee HW, Kim CE, et al. (2017) Association between milk
consumption and metabolic syndrome among Korean adults:
results from the health examinees study. Nutrients 9, 1102.
Fernandez MA, Panahi S, Daniel N, et al. (2017) Yogurt and car-
diometabolic diseases: a critical review of potential mecha-
nisms. Adv Nutr 8, 812-829.

Sayon OC, Martinez GMA, Ruiz CM, et al. (2017) Associations
between yogurt consumption and weight gain and risk of
obesity and metabolic syndrome: a systematic review. Adv
Nuir 8, 1465-1548S.

Zhao CX (2016) Research progress in dietary intake of trans
fatty acids. Agric Prod Process 35, 74-75.

de Souza RJ, Mente A, Maroleanu A, et al. (2015) Intake of satu-
rated and trans unsaturated fatty acids and risk of all cause mor-
tality, cardiovascular disease, and type 2 diabetes: systematic
review and meta-analysis of observational studies. BMJ 351,
h3978.

Salas SJ, Guasch FM, Bull6 M, et al. (2014) Nuts in the preven-
tion and treatment of metabolic syndrome. Am J Clin Nutr 100,
399S-407S.

Anderson JW (2003) Whole grains protect against athero-
sclerotic cardiovascular disease. Proc Nutr Soc 62, 135-142.
Polito R, Costabile G, Nigro E, et al. (2020) Nutritional factors
influencing plasma adiponectin levels: results from a rando-
mised controlled study with whole-grain cereals. Int J Food
Sci Nutr 71, 509-515.

de Souza ZMZ, Nardi GM, de Oliveira SBL, et al. (2017) Lycium
barbarum reduces abdominal fat and improves lipid profile
and antioxidant status in patients with metabolic syndrome.
Oxid Med Cell Longev 2017, 9763210.

Shin S, Lee HW, Kim CE, et al. (2017) Egg consumption and risk
of metabolic syndrome in Korean adults: results from the
Health Examinees Study. Nutrients 9, 687.

Blesso CN, Andersen CJ, Barona J, et al. (2013) Whole egg con-
sumption improves lipoprotein profiles and insulin sensitivity
to a greater extent than yolk-free egg substitute in individuals
with metabolic syndrome. Metab Clin Exp 62, 400-410.
Alberti KGMM, Zimmet P, Shaw ], et al. (2015) The metabolic
syndrome — a new worldwide definition. Zancet 366, 1059—
1062.

ssaid Anssanun abprguie) Aq auljuo paysiiand x8/70002S L L£000S/£L0L 0L/BI0 10p//:sd1y


https://doi.org/10.1017/S000711452000478X

	Dietary patterns and their associations with the metabolic syndrome and predicted 10-year risk of CVD in northwest Chinese adults
	Methods
	Study design and study population
	Laboratory measurements
	Dietary assessment
	Metabolic syndrome assessment
	Estimated 10-year atherosclerotic CVD risk
	Covariate assessment
	Statistical analysis

	Results
	Discussion
	Strengths and limitations
	Conclusion

	Acknowledgements
	Supplementary material
	References


