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Metabolic syndrome (MetS) has become a global public health problem affecting all nations and races.
Few studies on the epidemic of metabolic syndrome (MetS) examined multi-ethnic adults in rural
areas in Xinjiang, China. We thus investigated the prevalence and risk factors of MetS there. A cross-

. sectional study was performed in a representative sample of 15020 rural multi-ethnic adults from 2009

: t02010. Four widely used criteria (ATPIINIDF\JIS\CDS) were used to measure the prevalence of MetS.

. Multiple logistic regression analysis was used to explore the risk factors of MetS. The age-adjusted
prevalence of MetS was 14.43%, 21.33%, 26.50%, and 19.89% based on the ATP lll, IDF, JIS and CDS

: criterion, respectively. The prevalence of MetS was higher in women and increased with age. According

© to JIS criterion, the prevalence of components in MetS was 57.75% for abdominal obesity, 44.05%

. for elevated blood pressure, 40.98% for reduced HDL-cholesterol, 23.33% for elevated triglycerides,

© 18.95% for raised fasting plasma glucose. Lower consumption of vegetables, milk, and higher
consumption of red meat were associated with higher likelihood of having MetS. The prevalence of
MetS in Xinjiang rural multi-ethnic adults was high. Diet factors were associated with the prevalence of
MetsS.

. Metabolic syndrome (MetS) is a reflection of the body’s metabolic disorders that cause chronic damage to
organs™?. It directly increases the risk of cardiovascular disease', type 2 diabetes mellitus and all-cause mortality”.
The prevalence of MetS is high and on the rise in both developing and developed countries. The International

. Diabetes Federation (IDF) estimates that one-quarter of the world’s adult population may have MetS*. In China,

. the prevalence of MetS has increased 37% from 2001 to 2009 (13.3% in 1993 vs 18.2% in 2009) according to

- NCEP- ATPIII criterion>S, translating to approximately 200 million adults with MetS. As the high-calorie dietary

. pattern and sedentary lifestyle have become increasingly popular, this figure will continue to grow in China.

: Previous studies found that dietary factors, smoking and drinking were associated with MetS, but the con-
clusions were inconsistent in different regions and populations’-!. The Xinjiang Uyghur autonomous region
is a multi-ethnic area, which is located in the northwest of China approximately 2,000 miles from Beijing. The

. Uyghur, Han, Kazakh, and Kyrgyz were main ethnic groups, these four ethnic groups accounts for 45.84%,

© 40.48%, 6.50%, 0.83% of the total population respectively''. They have unique lifestyle and dietary habits due to

. special geographical environment and Muslim culture. Investigating on epidemic of MetS may reveal valuable
information for making appropriate policies in preventive public health for them.

To date, most investigations of MetS in China have been conducted in mid-eastern China and Han ethnic
group, and few studies cover the western China and multi-ethnic populations!?-1%. There have not been serious

. investigations to analyze the prevalence and risk factors of MS due to limited resources in public health and poor

: transportation in rural multi-ethnic region of Xinjiang. This study investigated the prevalence and the risk factors

© of MetS from a sample size of 15020 multi-ethnic adults in rural area of Xinjiang, making it one of the largest
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Figure 1. Crude and age-adjusted prevalence of MetS based on four diagnostic criteria in Xinjiang rural multi-
ethnic adults. (a) Crude prevalence; (b) Age-adjusted prevalence; Data are presented as percentage (SE).

epidemiological surveys carried out in Xinjiang. The prevalence of MetS was estimated based on four widely used
criteria in order to compare with the results in other studies.

Results

Prevalence of MetS and its components. The overall crude prevalence of MetS was 15.90%, 23.36%,
28.66% and 19.89% according to the ATP III, IDF, JIS and CDS criterion, respectively. The age standardized
prevalence was 14.43%, 21.33%, 26.50%, and 19.84%, respectively. The prevalence in women was higher than
that in men by using the ATP III criterion (18.48% vs 12.66%, P < 0.001) and IDF definition (26.51% vs 19.41%,
P <0.001), but there was no significant difference based on the JIS criterion (28.57% vs 28.73%, P=0.831).
(Fig. 1). The prevalence of MetS increased with age in both men and women according to all of the criterion and
peaked at 55-64 years in men and at >65 years in women (Fig. 2).

According to the JIS criterion, The prevalence of components in MetS were 57.75% for abdominal obesity,
44.05% for elevated blood pressure, 40.98% for reduced HDL-cholesterol, 23.33% for elevated triglycerides,
18.95% for raised fasting plasma glucose. The most frequent individual component of MetS was abdominal
obesity both in men (54.77%) and women (60.12%) followed by elevated blood pressure in men (49.35%) and
reduced HDL-C in women (49.11%). There was a high prevalence of hypertension (total 30.09%, 33.56% in men
and 27.32% in women) (Fig. 3).

Characteristics of MetS cases and healthy individuals by JIS criterion. Compared with non-MetS
cases, people in MetS cases were older and less educated, and the proportions of Kazakh and Han were higher
than other ethnicities. In dietary factors, consumption of vegetable, fruits, fresh milk, and fresh meat were signifi-
cantly different among MetS cases and non-MetS cases group (P < 0.05 for all). The rate of smoking and drinking
in MetS cases group were higher than non-MetS cases group (Smoking, 33.52% vs 28.13%. Drinking, 24.58% vs
18.48%) (Table 1).
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Figure 2. Age-specific prevalence of MetS based on four diagnostic criteria in Xinjiang rural multi-ethnic

adults. (a) Prevalence by NCEP-ATPIIL; (b) Prevalence by IDF; (c) Prevalence by JIS; (d) Prevalence by CDS;
Data are presented as percentage (SE).
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Figure 3. Prevalence of MetS components based on JIS criterion in Xinjiang rural multi-ethnic adults. Data are
presented as percentage (SE).

Risk factors of MetS. According to the results of JIS criterion, we found that MetS was associated with age,
education, consumption of vegetables, fruits, fresh milk, red meat, smoking, drinking by univariate analysis. The
risk of MetS presents obvious trend of escalation with the increase of age. Compared with >18 years group, the
value of odds ratio for MetS increased from 2.02 of 25- years group to 7.00 of >65 years group. The risk of MetS
decreased 40% for the population with junior school degree or above compared with degree of illiteracy. 16.18%
of participants intake >4 plates vegetables per week, 84.00% of participants didn’t drink fresh milk or less than
0.5L per week, 49.52% of participants intake >2kg fresh meat per week. Multiple-factors analysis presented that
consumption of <1 plates vegetables and >2kg red meat per week were associated with a higher risk of MetS
(OR=1.31, 95%CI: 1.12-1.54) and (OR =1.64, 95%CI: 1.35-1.99), consumption of >1.5L fresh milk per week
were associated with a lower risk of MetS (OR = 0.64, 95%CI: 0.49-0.85) (Table 2).
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Gender

Male 1903 (44.20) 4757 (44.40) 0.831
Female 2402 (55.80) 5958 (55.60)

Age (years)

18-24 150 (3.48) 1445 (13.49) <0.001
25-34 468 (10.87) 2236 (20.87)

35-44 968 (22.49) 2688 (25.09)

45-54 1131 (26.27) 2044 (19.08)

55-64 991 (23.02) 1481 (13.82)

>65 597 (13.87) 821 (7.66)

Ethnicity

Uyghur 807 (18.75) 2519 (23.51) <0.001
Han 1114 (25.88) 2275 (21.23)

Kazak 2131 (49.50) 4679 (43.67)

Kyrgyz 253 (5.88) 1242 (11.59)

Marriage status

Yes 3650 (84.79) 9083 (84.77) 0.980
No 655 (15.21) 1632 (15.23)

Education

Tlliteracy 900 (20.91) 1729 (16.14) <0.001
Primary school 1963 (45.60) 4589 (42.83)

>Junior high school 1442 (33.50) 4397 (41.04)

Vegetables

no or <1 plate per week 820 (19.05) 1634 (15.25)

1-3 plates per week 2271 (52.75) 5326 (49.71)

>4 plates per week 1214 (28.20) 3755(35.04) <0.001
fruits

no or <1 plate perweek 1046 (24.30) 2205 (20.58) <0.001
1-3 plates per week 2031 (47.18) 5488(51.22)

>4 plates per week 1228 (28.52) 3022(28.20)

Fresh-milk

no or <0.5L per week 3683 (85.55) 8942(83.45) 0.014
0.5-1.5L per week 383 (8.90) 969(9.04)

>1.5L per week 239 (5.56) 805 (7.51)

fresh meat

no or <1kg per week 757 (17.58) 2332(21.76) <0.001
1-2kg per week 1150(26.72) 3341 (31.18)

>2kg per week 2398 (55.70) 5042 (47.06)

Salt

<500g per month 1731 (40.20) 4250 (39.66) 0.667
>500g per month 2574 (59.80) 6465 (60.34)

Drinking

No 3247 (75.42) 8735 (81.52) <0.001
Yes 1058 (24.58) 1980 (18.48)

Smoking

No 2862 (66.48) 7701 (71.87) <0.001
Yes 1443 (33.52) 3014 (28.13)

Table 1. Characteristics of MS cases and healthy individuals by JIS criterion (n/%).

Discussion

Although there have been many epidemiology investigations on MetS, few studies have focused on rural
multi-ethnic populations. This survey was conducted in typical multi-ethnic rural areas in Xinjiang where
approximately 95% of the populations were the Uyghur, the Han, the Kazakh and the Kyrgyz. They have their own
special genetic characteristics and lifestyle which are quite different from either the Hans in inland provinces of
China or American/European populations'*'¢. According to three most widely used criteria, the age-standardized
prevalence of MetS were 14.43% (ATPIII), 21.33% (IDF), and 26.50% (JIS), respectively. The prevalence rate was
higher than that of the national level in China (18.2%, IDF)¢, Japan(13.3%, IDF)'”,and rural low-income region of
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Gender

Male 6660 (44.34) 1.00 — —

Female 8360 (55.66) 1.01 (0.94, 1.08) — —

Age (years)

18-24 1595 (10.62) 1.00 — —

25-34 2704 (18.00) 2.02 (1.66, 2.45) — —

35-44 3656 (24.34) 3.47 (2.89,4.17) — —

45-54 3175(21.14) 5.33 (4.44, 6.40) — —

55-64 2472 (16.46) 6.45 (5.35,7.77) — —

>65 1418 (9.44) 7.00 (5.74, 8.54) —

Ethnicity

Uyghur 3326 (22.14) 1.00 — —

Han 3389 (22.56) 153(1.37,1.70) | — -

Kazak 6810 (45.34) 1.42 (1.29, 1.56) — —

Kyrgyz 1495 (9.95) 0.64(0.54,0.74) | — —

Marriage status

Yes 12733 (84.77) 1.00 — —

No 2287 (15.23) 1.00 (0.91, 1.10) - -

Education

Tlliteracy 2629 (17.50) 1.00 — —

Primary school 6552 (43.62) 0.82(0.75, 0.90) — —

>Junior high school 4189 (27.89) 0.63 (0.57, 0.70) —

Vegetables

>4 plates per week 5012 (33.37) 1.00 1.00 1.00

1-3 plates per week 7578 (50.45) 1.32(1.16, 1.50) 1.36 (1.19, 1.56) 1.38(1.19, 1.61)
no or <1 plate per week 2430 (16.18) 1.55(1.31,1.84) 1.61(1.34,1.92) 1.64 (1.35,1.99)
fruits

no or <1 plate per week 3255 (21.67) 1.00 1.00 —

1-3 plates per week 7515 (50.03) 0.78 (0.71, 0.86) 0.93(0.84,1.03) | —

>4 plates per week 4251 (28.30) 0.86 (0.77,0.95) 0.93 (0.84, 1.03) —

Fresh milk

no or <0.5L per week 12617 (84.00) 1.00 1.00 1.00

0.5-1.5L per week 1352 (9.00) 0.96 (0.80,1.15) | 0.96 (0.78, 1.15) | 0.81 (0.64, 1.04)
>1.5L per week 1050 (6.99) 0.72 (0.58, 0.90) 0.68 (0.54, 0.85) 0.64 (0.49, 0.85)
fresh meat

no or <1kg per week 3090 (20.57) 1.00 1.00 1.00

1-2kg per week 4491 (29.90) 1.06 (0.94,1.19) 1.06 (0.94, 1.20) 1.14 (0.98,1.32)
>2kg per week 7438 (49.52) 147 (1.32,1.63) | 1.36(1.22,1.52) | 1.31 (1.12, 1.54)
Salt

<500g per month 5979 (39.81) 1.00 — —

>500g per month 9041 (60.19) 0.98 (0.88, 1.08) — —

Drinking

No 11982 (79.77) 1.00 1.00 1.00

Yes 3038 (20.23) 1.44(1.32,1.56) | 1.23(1.12,1.34) | 0.98 (0.76, 1.27)
Smoking

No 10563 (70.33) 1.00 1.00 1.00

Yes 4457 (29.67) 1.29(1.19,1.39) | 1.13(1.05,1.22) | 1.08 (0.92, 1.26)

Table 2. Risk factors for metabolic syndrome based on JIS criterion among Xinjiang rural multi-ethnic
adults. Note: *Non-adjusted, *Adjusted for age, education, minority. ‘Adjusted for age, education, minority and
significant factors in model b.

Africa (22.1%, JIS)", and lower than that in Spain (33.2%, JIS)'® and the USA (34.3%, JIS)*. The high prevalence
of MetS in Xinjiang rural multi-ethnic residents may be associated with high prevalence of hypertension and dys-
lipidemia®"?2. This study found that the prevalence of elevated blood pressure and reduced HDL-cholesterol were
44.05% and 40.98%, respectively. It was higher than the average level of Chinese general residents®**.

Many studies have found that the prevalence of MetS increases with age without an inflection point. Although
the prevalence of MetS in Xinjiang rural multi-ethnic residents also increased with age, it appeared to decline
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after 65 years old. The possible reason for this was that a large number of patients died before 65 due to the high
mortality related with cardiovascular diseases?>?®. Our study confirmed that the risk of MetS was not reduced
after 65 years old compared with previous age group. Previous studies have shown that MetS in Chinese women
is more widespread than that in men®?. Our study also found that the prevalence in women was higher than that
in men by using all of three criteria. We found an interesting trend in which the discrepancy between women and
men decreased from ATP III to IDF and IDF to JIS.

We found that the dietary factors were strongly associated with the prevalence of MetS in Xinjiang rural
multi-ethnic populations. Consumption less vegetable and much fresh meat were associated with a higher risk
of MetS, but consumption much fresh milk was associated with a lower risk of MetS. Martini found that the
prevalence of MetS in individuals who reported not consuming regularly vegetables was approximately two times
higher than their peers who reported adequate intake?. A study from Korean also found that having greater total
vegetables was associated with a lower risk of MetS (OR = 0.47, 95%CI: 0.29-0.75). The underlying mechanism
may be that vegetables intake was associated with blood pressure and glucose levels. A review reported vegetable
intake was associated with a reduction in diastolic blood pressure®. A perspective study revealed that vegetarian
dietary patterns have been associated with a lower risk for developing type 2 diabetes, hypertension®'.

Xinjiang rural residents maintain a high-energy diet due to cold climate and heavy labor. They consume
greater amounts of meat, pasta, dairy foods (cheese and milk tea), but less vegetables compared with the residents
in other regions of China®2. Our results indicated that only 16.18% of participants intake >4 plates vegetables per
week. The less consumption of vegetables may lead to the high prevalence of MetS in them. Less consumption of
vegetables was related to geography and climate conditions in Xinjiang, in which six months of the year are as cold
as in winter. It is difficult to plant and store fresh vegetables, and the vegetables from out of town are too expensive
for them to buy. It is more difficult for rural residents to get fresh vegetables due to low income and inconvenient
transportation. Although vegetables are not easy to get for Xinjiang rural residents, fresh milk is already avail-
able due to the most of survey areas were pastoral areas. This research showed that the risk of having MetS was
decreased by 32% if a person drink >1.5L fresh milk weekly compared to those who do not drink fresh milk.
While most of rural residents eat dairy foods, such as cheese, milk tea, koumiss, few of them drink fresh milk
directly. Our study revealed that 84% of participants didn’t drink fresh milk or less than 0.5L per week. Therefore
promoting consumption of fresh milk may be a practical and feasible measure to prevent MetS$ in Xinjiang rural
multi-ethnic residents.

The fresh meats that Xinjiang residents consumed are mainly red meat including beef and mutton. Red meat
contains high levels of saturated fat, cholesterol, iron contents. Consumption of saturated fat was associated with
components of MetS, such as elevated blood pressure and dyslipemia®**4. Red meat was also related to the depo-
sition of iron while iron overload was positively associated with insulin resistance, which was one of underlying
mechanisms for MetS*. In addition, red meat intake was associated with a chronic state of inflammation that
appears to be a central mechanism underlying the pathophysiology of MetS*. Previous study indicated that there
was a direct relationship between red meat intake and elevated risk of metabolic syndrome®. This study also
confirmed that too much red meat intake might increase risk of MS. Red meat consumption among Xinjiang
rural residents is above the national average due to the more developed animal husbandry?®. It is one of possible
reasons that the prevalence of MetS in Xinjiang rural residents is higher than that of the national level.

The strengths of this study include a large sample size in multi-ethnic rural area of Xinjiang, and a comprehen-
sive data were collected to analyze the prevalence and risk factors of MetS. However, limitations should also be
taken into account. First, the cross-sectional study design precluded casual conclusions and further longitudinal
researches were needed to determine the causal relationship. Second, some of younger men moved out of area to
work during enrollment and they cannot be included in this study. It could impact the analysis of younger people.
Finally, the energy intake and fat percentage may affect the associations between diet and MetS, but they could
not be calculated by food frequency method in our study. These factors should be analyzed as covariates in the
future researches.

In conclusion, the prevalence of MetS in Xinjiang rural adults was higher than that of national average level of
China and falls in between the Euro-American and Asia levels. Less consumption of vegetables and much intake
of red meat were the main risk factors of MetS. While increasing intake of fresh milk would be an optional meas-
ure to reduce risk of MetS in them.

Materials and Methods

Settings and Participants. This study was conducted from 2009 to 2010 in Xinjiang. Multi-stage (prefec-
ture-county-township-village) stratified cluster random sampling was employed to choose participants. First, four
representative prefectures (Kashi, Shihezi,Yili and Kizilsu) were identified based on the population distribution
of the Uyghur, Hans, Kazakhs, and Kyrgyz. Secondly one county was randomly selected in each prefecture and
one township from each county. Finally, a cluster sampling method was used to select the corresponding villages
in each township. The residents of selected villages were investigated. The selection criteria were as follows: (1)
People who are living in the village for at least 6 months. (2) People with clear consciousness and without mental
diseases. (3) Women who are not pregnant. (4) People who are able to perform anthropometric measurements.
(5) People who are willing to cooperate with the investigation. A total of 15,020 (6660 men and 8360 women)
participants met the selection criteria and were asked to complete questionnaires, anthropometric measurements
and blood tests. The overall response rate was 89.6% (91.5% for Uyghurs, 87.1% for Kazakhs, 90.3% for Hans and
93.5% for Kyrgyz, respectively).

Data collection. Data were collected by trained graduate students using a standard questionnaire in a
face-to-face interview during field investigation. The questionnaires included the demographic characteristics,
diet, lifestyle risk-factors, family income and history of chronic diseases. A validated quantitative food frequency
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questionnaire was designed to collect information of the dietary intakes in the past week®. The questionnaire
included information about the consumption of 12 food groups. These food groups were as follows: vegetables,
fruits, fresh milk, red-meat, dairy product, pasta, eggs, sea-foods, viscera, bean products, fried foods, salt. The
unit of the vegetables and fruits intake per week was measured by plates (diameter 16 cm). The unit of red meat
was measured by kilogram (kg). Fresh milk was measured by liter (L). Smokers were defined as participants who
had smoked 100 cigarettes and smoke now*’. Drinkers were defined as participants who intake alcohol beverages
(liquor, beer and grape wine) at least 2 times per month and drink now’. Blood pressure and waist circumference
were measured by trained investigators following a standard protocol*!. The blood pressure was measured using
a mercury sphygmomanometer. The measurements were collected in triplicate after a 5-minute seated rest and
were averaged as the blood pressure values of the individual. The waist circumference was defined as the midpoint
between the lower rib and upper margin of the iliac crest at minimal respiration, as measured by a non-elastic
ruler tape with an insertion buckle at one end to the nearest 0.1 cm.

Blood plasma glucose and lipid measurements. A 5-ml fasting blood sample was collected from each
participant. The sample was centrifuged at 3000 rpm for 30 min, and plasma was stored at —80°C. The serum
glucose, HDL-cholesterol and triglycerides were tested by a modified hexokinase enzymatic method using an
Olympus AV2700 Biochemical Automatic Analyzer (Olympus, Japan) in the Biochemistry Laboratory, the First
University-Affiliated Hospital of Shihezi University School of Medicine. Quality control was strictly followed by
the procedure of blood collection, storage, and measuring processes.

Definitions. Three world-wide definitions and one Chinese criterion were used to diagnose MetS. These defi-
nitions were from the Joint Interim Statement of multi-organizations in 2009 (JIS)*, the International Diabetes
Federation world-wide definition in 2005 (IDF)*, the Third Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults in 2001
(ATPII)*, and Chinese criterion was suggested by the Chinese Diabetes Society in 2004 (CDS)*%. JIS criterion
was the primary definition to examine risk factors of MetS. The detailed information on the four criteria was
listed in Supplementary Table SI.

Statistical Analysis. Categorical variables were presented as numbers and percentages. Differences between
groups were tested using Chi-square test. MetS prevalence was calculated for the total adult population and the
age groups 18-24, 25-34, 35-44, 45-54, 55-64, >65. The method of direct standardization was used to calcu-
late the age-standardized prevalence of MetS. The calculation was weighted based on Chinese population data
from 2010 census®. All statistical tests were two-sided. P value < 0.05 was considered statistically significant.
Univariate logistic regression was used to find significant variables associated with MetS according to JIS crite-
rion. Multiple factor analysis was performed to identify the association between MetS and dietary factors, smok-
ing and drinking. We established a database using EpiData software (EpiData Association, Odense, Denmark,
http://www.epidata.dk/). The data were analyzed using SPSS (Statistical Program for Social Sciences, version 13.0,
2004) and Empower Stats.

Ethical approval. This study has been approved by The Institutional Ethics Review Board (IERB) at the First
Aftiliated Hospital of Shihezi University School of Medicine (IERB No. SHZ2010LL01). All procedures performed
in studies involving human participants and experiments were in accordance with the approved guidelines and
regulations. And that the written informed consent was obtained from each participant.

Data availability. The datasets generated during the current study are available from the corresponding
author on reasonable request.

References

1. Mottillo, S. et al. The metabolic syndrome and cardiovascular risk a systematic review and meta-analysis. Journal of the American
College of Cardiology 56, 11131132, https://doi.org/10.1016/ j.jacc.2010.05.034 (2010).

2. Kaya, E,, Sikka, S. C. & Gur, S. A Comprehensive Review of Metabolic Syndrome Affecting Erectile Dysfunction. J Sex Med, https://
doi.org/10.1111/jsm.12828 (2015).

3. Ford, E. S. Risks for all-cause mortality, cardiovascular disease, and diabetes associated with the metabolic syndrome: a summary of
the evidence. Diabetes care 28, 1769-1778 (2005).

4. Alberti, K. G., Zimmet, P. & Shaw, J. Metabolic syndrome-a new world-wide definition. A Consensus Statement from the
International Diabetes Federation. Diabetic medicine: a journal of the British Diabetic Association 23, 469-480, https://doi.
org/10.1111/.1464-5491.2006. 01858.x (2006).

5. Further Study Of Risk Factors For, S. & Coronary Heart Disease, g. [The prevalence of metabolic syndrome in a 11 provinces cohort
in China]. Zhonghua Yu Fang Yi Xue Za Zhi 36, 298-300 (2002).

6. Xi, B., He, D., Hu, Y. & Zhou, D. Prevalence of metabolic syndrome and its influencing factors among the Chinese adults: the China
Health and Nutrition Survey in 2009. Preventive medicine 57, 867-871, https://doi.org/10.1016/j.ypmed.2013.09.023 (2013).

7. Song, P, Yu, J., Chang, X., Wang, M. & An, L. Prevalence and Correlates of Metabolic Syndrome in Chinese Children: The China
Health and Nutrition Survey. Nutrients 9, https://doi.org/10.3390/nu9010079 (2017).

8. Xu, S. H. et al. Gender Differences in Dietary Patterns and Their Association with the Prevalence of Metabolic Syndrome among
Chinese: A Cross-Sectional Study. Nutrients 8, 180, https://doi.org/10.3390/nu8040180 (2016).

9. Li, Y. Q. et al. Prevalence and distribution of metabolic syndrome in a southern Chinese population. Relation to exercise, smoking,
and educational level. Saudi medical journal 34, 929-936 (2013).

10. Sun, K. et al. Alcohol consumption and risk of metabolic syndrome: a meta-analysis of prospective studies. Clinical nutrition
(Edinburgh, Scotland) 33, 596-602, https://doi.org/10.1016/j.cInu.2013.10.003 (2014).

11. Statistic Bureau of Xinjiang Uygur Autonomous Region. Tabulation on the 2010 population census in Xinjiang Uygur Autonomous
Region of China (2010).

SCIENTIFICREPORTS |7: 17643 | DOI:10.1038/s41598-017-17870-5 7


http://www.epidata.dk/
http://dx.doi.org/10.1111/jsm.12828
http://dx.doi.org/10.1111/jsm.12828
http://dx.doi.org/10.1016/j.ypmed.2013.09.023
http://dx.doi.org/10.3390/nu9010079
http://dx.doi.org/10.3390/nu8040180
http://dx.doi.org/10.1016/j.clnu.2013.10.003

www.nature.com/scientificreports/

12.

13.
14.
15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
. Song, Q. B. et al. Sex difference in the prevalence of metabolic syndrome and cardiovascular- related risk factors in urban adults from
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.
39.
40.
41.

42.

43.

44,

45.

Ming, J. et al. Metabolic syndrome and chronic kidney disease in general Chinese adults: results from the 2007-08 China National
Diabetes and Metabolic Disorders Study. Clinica chimica acta; international journal of clinical chemistry 430, 115-120, https://doi.
org/10.1016/j.cca.2014.01.004 (2014).

Xu, W. H. et al. Prevalence of the metabolic syndrome in Pudong New Area of Shanghai using three proposed definitions among
Chinese adults. BMC public health 10, 246, https://doi.org/10.1186/1471-2458-10-246 (2010).

Zhao, Y. et al. Prevalence and determinants of metabolic syndrome among adults in a rural area of Northwest China. PloS one 9,
€91578, https://doi.org/10.1371/journal.pone.0091578 (2014).

Wang, Y. T. et al. Prevalence of valvular heart diseases and associated risk factors in Han, Uygur and Kazak population in Xinjiang,
China. PloS one 12, 0174490, https://doi.org/10.1371/journal.pone.0174490 (2017).

Zohra, R., Song, M. S., Iliham, N. & Dolikun, M. [A comparative study on characterizations of genetic recombination hotspots in
PPARG gene between Kirgiz and Uyghur ethnic groups in Xinjiang]. Zhonghua yi xue za zhi 96, 2487-2492, https://doi.org/10.3760/
cma.j.issn.0376-2491.2016.31.010 (2016).

Hidaka, T. et al. Prevalence of Metabolic Syndrome and Its Components among Japanese Workers by Clustered Business Category.
PloS one 11, 0153368, https://doi.org/10.1371/journal.pone.0153368 (2016).

Motala, A. A., Esterhuizen, T., Pirie, E J. & Omar, M. A. The prevalence of metabolic syndrome and determination of the optimal
waist circumference cutoff points in a rural South african community. Diabetes care 34, 1032-1037, https://doi.org/10.2337/dc10-
1921 (2011).

Marcuello, C. et al. Prevalence of the metabolic syndrome in Spain using regional cutoff points for waist circumference: the di@bet.
es study. Acta diabetologica 50, 615-623, https://doi.org/10.1007/500592-013-0468-8 (2013).

Ford, E. S., Li, C. & Zhao, G. Prevalence and correlates of metabolic syndrome based on a harmonious definition among adults in
the US. Journal of diabetes 2, 180-193, https://doi.org/10.1111/j.1753-0407.2010.00078.x (2010).

Ge, P. et al. The High Prevalence of Low HDL-Cholesterol Levels and Dyslipidemia in Rural Populations in Northwestern China.
PloS one 10, €0144104, https://doi.org/10.1371/journal.pone.0144104 (2015).

Wang, Y. et al. Prevalence of Hypertension among Adults in Remote Rural Areas of Xinjiang, China. International journal of
environmental research and public health 13 https://doi.org/10.3390/ijerph13060524 (2016).

Yang, L. et al. Prevalence, Awareness, Treatment, Control and Risk Factors Associated with Hypertension among Adults in Southern
China, 2013. PloS one 11, €0146181, https://doi.org/10.1371/ journal.pone.0146181 (2016).

Pan, L. et al. The prevalence, awareness, treatment and control of dyslipidemia among adults in China. Atherosclerosis 248, 2-9,
https://doi.org/10.1016/j.atherosclerosis.2016.02.006 (2016).

Jiang, J. et al. Prevalence of conventional cardiovascular disease risk factors among Chinese Kazakh individuals of diverse
occupational backgrounds in Xinjiang China. International journal of cardiology 179, 558-560, https://doi.org/10.1016/j.
ijcard.2014.10.077 (2015).

Ma, X. et al. Cardiovascular risks in Kazakh population in Xinjiang Province of China. Ethn Dis 24, 316-320 (2014).

33 communities of China: The CHPSNE study. Diab Vasc Dis Res. https://doi.org/10.1177/1479164114562410 (2015).

Martini, F. A, Borges, M. B. & Guedes, D. P. [Eating habit and metabolic syndrome in a sample of Brazilian adults]. Archivos
latinoamericanos de nutricion 64, 161-173 (2014).

Hong, S. A. & Kim, M. K. Relationship between fruit and vegetable intake and the risk of metabolic syndrome and its disorders in
Korean women according to menopausal status. Asia Pacific journal of clinical nutrition 26, 514-523, https://doi.org/10.6133/
apjcn.042016.03 (2017).

Shin, J. Y., Kim, J. Y., Kang, H. T., Han, K. H. & Shim, J. Y. Effect of fruits and vegetables on metabolic syndrome: a systematic review
and meta- analysis of randomized controlled trials. International journal of food sciences and nutrition 66, 416-425, https://doi.org/
10.3109/09637486.2015.025716 (2015).

Sabate, J. & Wien, M. A perspective on vegetarian dietary patterns and risk of metabolic syndrome. The British journal of nutrition
113(Suppl 2), S136-143, https://doi.org/10.1017/s00071145 14004139 (2015).

Zhai, F, He, Y., Wang, Z. & Hu, Y. [Status and characteristic of dietary intake of 12 minority nationalities in China]. Wei Sheng Yan
Jiu 36, 539-541 (2007).

Mager, D. R. et al. A meal high in saturated fat evokes postprandial dyslipemia, hyperinsulinemia, and altered lipoprotein expression
in obese children with and without nonalcoholic fatty liver disease. JPEN. Journal of parenteral and enteral nutrition 37, 517-528,
https://doi.org/10.1177/0148607112467820 (2013).

Schuler, R. et al. High-Saturated-Fat Diet Increases Circulating Angiotensin-Converting Enzyme, Which Is Enhanced by the rs4343
Polymorphism Defining Persons at Risk of Nutrient-Dependent Increases of Blood Pressure. Journal of the American Heart
Association 6, https://doi.org/10.1161/jaha.116.004465 (2017).

Tangvarasittichai, S., Pimanprom, A., Choowet, A. & Tangvarasittichai, O. Association of iron overload and oxidative stress with
insulin resistance in transfusion-dependent beta-thalassemia major and beta-thalassemia/HbE patients. Clinical laboratory 59,
861-868 (2013).

Azadbakht, L. & Esmaillzadeh, A. Red meat intake is associated with metabolic syndrome and the plasma C-reactive protein
concentration in women. The Journal of nutrition 139, 335-339, https://doi.org/10.3945/jn.108.096297 (2009).

De Oliveira Otto, M. C. et al. Dietary intakes of zinc and heme iron from red meat, but not from other sources, are associated with
greater risk of metabolic syndrome and cardiovascular disease. The Journal of nutrition 142, 526-533, https://doi.org/10.3945/
jn.111.149781 (2012).

Guo, Q. et al. monitoring and comparative analysis of the nutrition and health survey from 1959 t02013 in China. Journal of Hygiene
Research, 542-547 (2016).

Xia, Y. et al. Association between dietary patterns and metabolic syndrome in Chinese adults: a propensity score-matched case-
control study. Scientific reports 6, 34748, https://doi.org/10.1038/srep34748 (2016).

From the Centers for Disease Control and Prevention. Cigarette smoking among adults-United States, 1992, and changes in
definition of smoking. Jama 272, 14-16 (1994).

Chobanian, A. V. et al. The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure: the JNC 7 report. JAMA 289, 2560-2572, https://doi.org/10.1001/jama.289.19.2560 (2003).

Alberti, K. G. et al. Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task
Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 120,
1640-1645, https://doi.org/10.1161/CIRCULATIONAHA.109.192644 (2009).

Expert Panel on Detection, E. & Treatment of High Blood Cholesterol in, A. Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol
In Adults (Adult Treatment Panel I11). Jama 285, 2486-2497 (2001).

Chinese Diabetes Society. Chinese Diabetes Society suggestions for definition of metabolic syndrome. Chinese Journal of Diabetes
12, 156-161 (2004).

National Bureau of Statistics of China. Tabulation on the 2010 population census of People’s Republic of China, http://www.stats.gov.
cn/tjsj/pesj/rkpe/5rp/index.htm (2010).

SCIENTIFICREPORTS |7: 17643 | DOI:10.1038/s41598-017-17870-5 8


http://dx.doi.org/10.1016/j.cca.2014.01.004
http://dx.doi.org/10.1016/j.cca.2014.01.004
http://dx.doi.org/10.1186/1471-2458-10-246
http://dx.doi.org/10.1371/journal.pone.0091578
http://dx.doi.org/10.1371/journal.pone.0174490
http://dx.doi.org/10.3760/cma.j.issn.0376-2491.2016.31.010
http://dx.doi.org/10.3760/cma.j.issn.0376-2491.2016.31.010
http://dx.doi.org/10.1371/journal.pone.0153368
http://dx.doi.org/10.2337/dc10-1921
http://dx.doi.org/10.2337/dc10-1921
http://dx.doi.org/10.1007/s00592-013-0468-8
http://dx.doi.org/10.1111/j.1753-0407.2010.00078.x
http://dx.doi.org/10.1371/journal.pone.0144104
http://dx.doi.org/10.3390/ijerph13060524
http://dx.doi.org/10.1016/j.atherosclerosis.2016.02.006
http://dx.doi.org/10.1016/j.ijcard.2014.10.077
http://dx.doi.org/10.1016/j.ijcard.2014.10.077
http://dx.doi.org/10.1177/1479164114562410
http://dx.doi.org/10.6133/apjcn.042016.03
http://dx.doi.org/10.6133/apjcn.042016.03
http://dx.doi.org/10.3109/09637486.2015.025716
http://dx.doi.org/10.3109/09637486.2015.025716
http://dx.doi.org/10.1177/0148607112467820
http://dx.doi.org/10.1161/jaha.116.004465
http://dx.doi.org/10.3945/jn.108.096297
http://dx.doi.org/10.3945/jn.111.149781
http://dx.doi.org/10.3945/jn.111.149781
http://dx.doi.org/10.1038/srep34748
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644

www.nature.com/scientificreports/

Acknowledgements

We sincerely thank these rural multi-ethnic residents for their willingness to participate in the study. We are
grateful to Nalati Township Hospital and Jiangbazi Township Hospital for providing study facilities and other
assistance. We would also like to thank the clinical laboratory of First Affiliated Hospital of Shihezi University
School of Medicine for their test work. This research was supported by the National Key Technology R&D
Program of China (Grant No. 2009BAI82B04), the National Natural Science Foundation of China (No. 81560551)
and the Shihezi University Science and Technology Development Fund (No. ZZZC201621).

Author Contributions

S.W,, S.-x.G. and H.G. contributed to conceive and design the studies. R.-LM., J.-m.L., Y.-s.D., M.Z,, J.-y.Z.,
L.-t. M., J.H,, Y.-2.Y. and J.-L.M. contributed to the collection, research and review of the study data. H.G. wrote the
first draft of the manuscript. S.W.,, S.-x.G. and X.G reviewed and edited the manuscript. All authors reviewed and
commented on various versions of the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-017-17870-5.

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7: 17643 | DOI:10.1038/s41598-017-17870-5 9


http://dx.doi.org/10.1038/s41598-017-17870-5
http://creativecommons.org/licenses/by/4.0/

	Prevalence of Metabolic Syndrome and its Associated Factors among Multi-ethnic Adults in Rural Areas in Xinjiang, China

	Results

	Prevalence of MetS and its components. 
	Characteristics of MetS cases and healthy individuals by JIS criterion. 
	Risk factors of MetS. 

	Discussion

	Materials and Methods

	Settings and Participants. 
	Data collection. 
	Blood plasma glucose and lipid measurements. 
	Definitions. 
	Statistical Analysis. 
	Ethical approval. 
	Data availability. 

	Acknowledgements

	Figure 1 Crude and age-adjusted prevalence of MetS based on four diagnostic criteria in Xinjiang rural multi-ethnic adults.
	Figure 2 Age-specific prevalence of MetS based on four diagnostic criteria in Xinjiang rural multi-ethnic adults.
	Figure 3 Prevalence of MetS components based on JIS criterion in Xinjiang rural multi-ethnic adults.
	Table 1 Characteristics of MS cases and healthy individuals by JIS criterion (n/%).
	Table 2 Risk factors for metabolic syndrome based on JIS criterion among Xinjiang rural multi-ethnic adults.




