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Abstract

Background

Although the epidemic of metabolic syndrome (MetS) has aroused wide public concern,

most studies on MetS tend to examine urban and high income settings, and few studies

cover nomadic areas and low earning populations. This research aims to investigate the

prevalence of MetS and explore the cut-off point of waist circumference in a nomadic minor-

ity typical of low income populations in the remote northwest region of China.

Methods

A cross-sectional study was performed in a representative sample of 3900 Kazakh adults

aged 18–84 years from 2009–2010. Three widely used criteria (ATP III\IDF\JIS) were

employed to estimate the prevalence of MetS in Kazakhs to compare them with other popu-

lations. Receiver operator characteristic (ROC) curve analysis was used to explore the opti-

mal cut-off values of waist circumference.

Results

The age-adjusted prevalence of MetS was 13.8%, 20.9%, and 24.8% based on the ATP III,

IDF, and JIS criteria, respectively. The prevalence of MetS was higher in women and

increased with age. Except for reduced HDL-cholesterol, the risk of other components of

MetS increased with waist circumference enlargement. The cut-off point of waist circumfer-

ence in screening at least two other components of MetS was 88 cm in men (Sensitivity =

61.1%, Specificity = 62.1%, ROC Curve Distance = 0.54) and 83 cm in women (Sensitivity =

60.0%, Specificity = 59.6%, ROC Curve Distance = 0.57).
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Conclusion

The prevalence of MetS in Kazakhs is higher than the national level of China and falls in

between the Euro-American and Asia levels, as their cut-off points of waist circumference

differ from that recommended for Chinese. We suggest a cost-effective strategy to screen

for MetS and prevent cardiovascular disease using new cut-off points of waist circumfer-

ence in low earning nomadic Kazakhs.

Introduction
Metabolic syndrome (MetS) is a reflection of the body’s metabolic disorders that cause chronic
damage to organs [1–4]. It directly increases the risk of cardiovascular disease [2], type 2 diabe-
tes mellitus and all-cause mortality [5]. The International Diabetes Federation (IDF) estimates
that one-quarter of the world’s adult population has MetS [1]. MetS has become a world-wide
public health issue. In China, a national survey reported that the prevalence of MetS reached
21.3% in 2008 and increased 38% compared with 13.3% in 2001[6, 7], translating to approxi-
mately 200 million adults with MetS. Because a high calorie diet and sedentary lifestyle have
become increasingly popular, this figure will continue to rise. To date most investigations of
MetS in China have been conducted in Han ethnic group and high-earning populations, and
few studies cover the minorities and low-earning populations, especially in low-earning
nomadic minorities.

This study focuses on a large nomadic minority of Kazakhs, who live in the northwest of
China-Xinjiang Uyghur autonomous region (Xinjiang).Xinjiang is a multi-ethnic province
with 13 main ethnic groups, among which the major ethnic groups are the Uyghur, the Han
ethnic group and the Kazakh. The Kazakh is a large minority in Xinjiang with a population of
1.6 million, accounts for 7% of the total population (the Han accounts for 40% and the Uyghur
accounts for 46%)[8]. The current study was performed in a typical low-income Kazakh pas-
turing area in the Yili prefecture located in the remote northwest region of Xinjiang, approxi-
mately 3849 kilometers from Beijing. The Yili prefecture was the largest inhabited region of
Kazakhs in Xinjiang, and the participants were typical Kazakh herdsmen who live in remote
mountainous pasturing region. It is difficult to perform a community health investigation in
such a population due to residence dispersal. This study analyzed data from a sample size of
almost 4000 Kazakh adults, making it one of the largest epidemiological surveys carried out in
the Kazakh populations.

Although Kazakhs are one of five minorities with the highest risk of hypertension in China
[9, 10], their health problems are seldom a concern of researchers. Characterizing the preva-
lence of MetS may reveal valuable information for developing appropriate policies to prevent
cardiovascular disease in Kazakhs. We will study the prevalence of MetS in Kazakhs using
three different criteria, including the Adult Treatment Panel III (ATP III 2001) [11], the Inter-
national Diabetes Federation (IDF 2005)[12], and the Joint Interim Statement (JIS 2009)[13].
The primary difference in these criteria is the threshold value of waist circumference to diag-
nose abdominal obesity. Most researchers and organizations have accepted the ethnic-specific
thresholds strategy [14]. Both the IDF and JIS criteria have established special cut-off points of
waist circumference for the Chinese population, however, they mainly refer to the data of Chi-
nese Hans due to lack of data in other minorities.

The Kazakhs present a typical admixture of Eastern andWestern anthropometric traits[15],
and they live in remote mountainous pastures for generations, with little contact with the
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outside world. Their special ethnicity and living environment make them different from the
Hans. The mean waist circumference of Kazakhs is obviously higher than that of Hans [16].
Our research aims to identify the appropriate cut-off point of waist circumference to diagnose
MetS in Kazakhs, thereby supplying valuable data for establishing an ethnic-specific threshold
of waist circumference to diagnose MetS. Our observations may have important implications
in public health strategies for Kazakhs and other low earning minorities in the western frontier
of China.

Materials and Methods

Ethics statement
This study (IERB No.SHZ2010LL01) was approved by the Institutional Ethics Review Board
(IERB) at the First Affiliated Hospital of Shihezi University School of Medicine. All partici-
pants were requested to sign the written informed consent before starting the investigation.
Voluntary participation, anonymity and the confidentiality were guaranteed.

Settings and participants
This survey was part of an intervention program for MetS conducted from 2009 to 2010 in the
Yili prefecture of Xinjiang province. The Kazakhs are the primary minority in Yili which is
approximately 3849 kilometers from Beijing. Multistage cluster random sampling was
employed to choose participants. First, a representative prefecture (Yili) was identified based
on the population distribution of the Kazakhs in Xinjiang. Xinyuan County was sampled ran-
domly from Yili, and the Nalati Township was also selected randomly. The residents of 6 vil-
lages between the age 18 and 84 years were selected, and of the 3920 (1551 men and 2369
women) participants (who were interviewed to complete questionnaires, anthropometric mea-
surements and blood tests), 3900 participants had integrated data for this current analysis.

Anthropometric examination
Waist circumference and blood pressure were measured by trained investigators following a
standard protocol [17].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 pressure was mea-
sured using a mercury sphygmomanometer according to a standard protocol. The measure-
ments were collected in triplicate after a 5-minute seated rest and were averaged as the blood
pressure values of the individual.

Blood plasma glucose and lipid measurements
A 5-ml blood sample after overnight fasting was collected from each participant, the samples
were centrifuged at 3000 rpm for 30 min, and plasma was stored at -80°C until analysis. We
tested serum glucose, HDL-cholesterol and triglycerides 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 regarding the procedure of blood collection,
storage, and measuring processes.

Definitions
In our research, three world-wide definitions were used to diagnose MetS to ensure compara-
bility with those using different definitions in other studies. These definitions were from the
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Third Report of the National Cholesterol Education Program Expert Panel on Detection, Eval-
uation, and Treatment of High Blood Cholesterol in Adults in 2001 (ATPIII)[4], the Interna-
tional Diabetes Federation world-wide definition in 2005 (IDF) [5], and a Joint Interim
Statement of multi-organizations in 2009 (JIS) [6]. The detailed information on the three crite-
ria is listed in Table 1.

Statistical analysis
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 Sci-
ences, version 13.0, 2004). Continuous variables were described as the mean standard deviation
(Mean ±SD) and were analyzed using the t-test. Categorical variables are presented as numbers
and percentages and were analyzed using the Chi-square test. The official 2000 census data of
China was used to calculate the age-standardized rates[18]. A two-sided statistical test was
employed, and a P value<0.05 was considered statistically significant.

Receiver operator characteristic (ROC) curve analysis was employed to identify the optimal
cut-off values of waist circumference to diagnose MetS. First, we created dichotomous variables for
each cut-off value from 75 cm to 95 cm. Then, we calculated the sensitivity and specificity of each
cut-off point of waist circumference for detecting at least two other components of MetS using the
formulas of the diagnostic tests. Finally, we calculated the distance of the ROC curve according to

the formula for the distance of the ROC curve ð
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� specificityÞ2 þ ð1� sensitivityÞ2

q
Þ [19]. A

cut-off value with the shortest distance of the ROC curve was defined as the optimal cut-off point
of waist circumference to diagnose MetS.

Logistic regression was used to analyze the relationship between waist circumference and
other components of MetS. Waist circumference was stratified into six levels in men and
women. We calculated the odds ratios of each level compared to the lowest one adjusted for
age, smoking and drinking. The trend of the odds ratios was observed to determine if there was
a dose-response relationship between waist circumference and the components of MetS.

Results

Characteristics of the research participants
A total of 3900 participants provided information on all of the components of the MetS. There
were 1,547 men (39.7%) and 2,353 women (60.3%), with an average age of (44.21±13.25) years.
The mean waist circumference was (88.39±11.94) cm in men and (83.98±12.10) cm in women.
The prevalence of abdominal obesity reached 60.2%, 58.6% in men and 61.3% in women,
according to the JIS criteria. There was a high prevalence of hypertension (total 36.8%, 42.1%
in men and 32.4% in women). Except for abdominal obesity, the most frequent individual com-
ponent was elevated blood pressure in both men (57.6%) and women (45.9%), following by
reduced HDL-C (44.9%) in women and raised fasting plasma glucose in men(28.1%). Addi-
tional details of these characteristics are shown in Table 2.

Prevalence of MetS
The overall crude prevalence of MetS was 15.9%, 23.9% and 27.8% according to the ATP III,
IDF and JIS criteria, respectively. The age standardized prevalence was 13.8%, 20.9%, and
24.8%, respectively (Fig 1). Using the ATP III criteria, the prevalence in women (17.8%) was
higher than in men (13.0%) (χ2 = 15.92, P<0.001); using the IDF definition, the prevalence in
women (25.9%) was also higher than in men (20.9%) (χ2 = 12.71, P<0.001); however, there
was no significant difference based on the JIS criteria between women (27.3%) and men
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Table 1. Three world-wide definitions of MetS.

Risk factors ATP criteria III (2001) IDF criteria(2005) JIS criteria(2009)

Abdominal obesity Waist circumference: Waist circumference: Waist circumference:

(Chinese) men�102 men�90 men�85

women�88 women�80 women�80

Raised triglycerides �150 mg/dL (1.7 mmol/L) �1.7 mmol/L(150 mg/dl) �150 mg/dl (1.7 mmol/L)

or treatment for this lipid or treatment for this lipid

abnormality abnormality

Reduced <40 mg/dL (1.03 mmol/L) < 1.03 mmol/l (40 mg/dl) in <40 mg/dl (1.0 mmol/L) in

HDL-cholesterol in men; <50 mg/dL (1.29 men; <1.29 mmol/L (50mg men; <50 mg/dl(1.29 mmol

mmol/L) in women /dl)in women; or treatment /L)in women or treatment

for this lipid abnormality for this lipid abnormality

Elevated blood Systolic� 130 mm Hg or/ Systolic: � 130 mmHg or/ Systolic� 130 mmHg or/

pressure and Diastolic�85 mm Hg And Diastolic: � 85 mmHg and Diastolic�85 mmHg or

or treatment of previously treatment of previously

diagnosed hypertension. diagnosed hypertension.

Raised fasting � 110 mg/dl � 5.6 mmol/L (100 mg/dl) � 100 mg/dl

plasma glucose or previously diagnosed

type 2diabetes

Note: MetS was diagnosed by the following: the ATP III criteria: a person had at least three of the five factors; the IDF criteria: a person had abdominal

obesity plus 2 or more other risk factors; the JIS criteria: a person had at least three of the five factors.

doi:10.1371/journal.pone.0148976.t001

Table 2. Characteristics of the participants.

Total Men Women t / χ2 P

Age(years) 44.21±13.25 45.12±13.52 43.62±13.03 3.48 <0.001

Waist circumference (cm) 85.73±12.23 88.39±11.94 83.98±12.1 11.17 <0.001

BMI(kg/m2) 24.33±4.25 24.56±4.13 24.18±4.33 2.77 0.006

Systolic blood pressure(mmHg) 128.7±23.92 131.87±22.98 126.62±24.3 6.74 <0.001

Diastolic blood pressure(mmHg) 82.95±14.58 84.62±14.17 81.85±14.74 5.82 <0.001

Fasting Plasma glucose(mmol/L) 5.05±1.30 5.15±1.49 4.99±1.14 3.44 0.001

Serum lipids(mmol/L)

Total triglycerides 1.26±1.01 1.39±1.17 1.16±0.87 6.68 <0.001

HDL cholesterol 1.40±0.62 1.34±0.57 1.44±0.65 5.02 <0.001

LDL cholesterol 2.40±0.87 2.46±0.91 2.36±0.84 3.55 <0.001

Total cholesterol 4.55±1.32 4.53±1.23 4.56±1.38 0.71 0.479

Abdominal obesity(cm)

�102/88 1074(27.5) 223(14.4) 851(36.2) 221.30 <0.001

�90/80 2110(54.1) 667(43.1) 1443(61.3) 124.64 <0.001

�85/80 2349(60.2) 906(58.6) 1443(61.3) 2.97 0.085

Elevated triglycerides (mmol/L) 744(19.1) 357(23.1) 387(16.4) 26.57 <0.001

Reduced HDL-cholesterol (mmol/L) 1358(34.8) 270(17.5) 1057(44.9) 313.7 <0.001

Elevated blood pressure 1970(50.5) 891(57.6) 1079(45.9) 51.45 <0.001

Raised fasting plasma glucose 961(24.6) 435(28.1) 526(22.4) 16.70 <0.001

Hypertension 1437(36.8) 652(42.1) 785(33.4) 30.95 <0.001

Note: Continuous variables were expressed by Mean ± SD and compared with t test. Categorical variables were expressed by n (%) and compared with

χ2 test. Elevated blood pressure (�130/85 mmHg), Raised fasting plasma glucose (�5.6 mmol/L). P values indicate the comparison of men and women.

doi:10.1371/journal.pone.0148976.t002
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(28.2%) (χ2 = 0.41, P = 0.521). The prevalence of MetS increased with age in both men and
women according to all of the criteria and peaked at 55–64 years in men and at>65 years in
women. Additional details of these prevalence rates are shown in Table 3.

Waist circumference and components of MetS
With the enlargement of waist circumference, the odds ratio of elevated blood pressure, raised
fasting plasma glucose, and elevated triglycerides increased in both men and women after
adjusting for age, smoking and drinking. Statistical significance was observed at almost every
level of waist circumference for elevated blood pressure and elevated triglycerides. The odds
ratio of reduced HDL-cholesterol was not significant at all levels of waist circumference and
barely changed with waist circumference in both men and women (Table 4).

The area of the ROC curve for waist circumference for detecting the existence of at least two
other components of MetS was 0.657 (95%CI 0.628, 0.686) in men (Fig 2) and 0.636 (95%CI
0.613, 0.659) in women (Fig 3). ROC curve analysis showed that the 88-cm cut-off value in

Fig 1. Crude and age-adjusted prevalence of MetS based on three diagnostic criteria in Kazakhs.

doi:10.1371/journal.pone.0148976.g001
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men (sensitivity:61.1%, specificity:62.1%) corresponded to the shortest ROC curve distance
(0.54), and 83 cm in women (sensitivity:60.0%, specificity:59.6%) corresponded to the shortest
ROC curve distance (0.57). The evaluation consequences of other cut-off values are shown in
Table 5.

Discussion
Although there have been many epidemiology investigations on MetS, few studies have focused
on nomadic poor areas. Our survey area was located in a typical low-income remote pasturing
area where approximately 95% of the population is Kazakh herdsman. Most of Kazakhs are
Muslim, and they have their own language and lifestyle which are quite different from either
the Hansin China or American/European populations. According to three widely used criteria,

Table 3. Age-specific and age-adjusted prevalence of MetS in Kazakh adults based on criteria of the IDF, ATP III, and JIS.

Age-group Total (n = 3900) Men (n = 1547) Women (n = 2353)

ATPIII IDF JIS ATP IDF JIS ATP III IDF JIS

18–24 3.5 (10) 11(3.8) 25(8.7) 2(2.0) 1(1.0) 4(4.1) 8(4.2) 10(5.3) 21(11.1)

25–34 46(6.5) 81(11.5) 110(15.6) 19(6.6) 29(10.1) 49(17.1) 27(6.4) 52(12.4) 61(14.6)

35–44 113(11.4) 178(17.9) 212(21.3) 35(9.8) 57(16.0) 82(23.0) 78(12.2) 121(18.9) 130(20.3)

45–54 191(19.4) 291(29.5) 333(33.8) 59(15.4) 98(25.6) 124(32.4) 132(21.9) 193(32.1) 209(34.7)

55–64 190(28.3) 274(40.8) 302(44.9) 66(21.1) 108(34.5) 129(41.2) 124(34.5) 166(46.2) 173(48.2)

�65 27.1 (69) 99(38.8) 104(40.8) 20(18.0) 31(27.9) 34(30.6) 49(34) 68(47.2) 70(48.6)

Total- crude 15.9 (619) 934(23.9) 1086(27.8) 201(13.0) 324(20.9) 422(27.3) 418(17.8) 610(25.9) 664(28.2)

Age- adjusted 13.8 20.9 24.8 11 17.4 23.5 15.9 23.5 25.9

Data expressed by % (n).

doi:10.1371/journal.pone.0148976.t003

Table 4. Adjusted odds ratios of MetS components according to waist circumference category.

Waist (cm) n Elevated blood pressure Raised plasma glucose Elevated triglycerides Reduced HDL-
cholesterol

OR(95%CI) P OR(95%CI) P OR(95%CI) P OR(95%CI) P

Men

<80 367 1.00 1.00 1.00 1.00

80–84 274 1.04 (0.75, 1.44) 0.831 1.16 (0.78, 1.70) 0.455 1.71 (1.06, 2.76) 0.028 0.81 (0.55, 1.18) 0.269

85–89 239 1.65 (1.17, 2.33) 0.004 1.09 (0.73, 1.64) 0.663 2.39 (1.49, 3.84) <0.001 0.81 (0.54, 1.21) 0.31

90–94 242 1.85 (1.29, 2.64) <0.001 1.40 (0.94, 2.07) 0.094 3.52 (2.22, 5.59) <0.001 0.60 (0.39, 0.94) 0.024

95–99 142 1.63 (1.07, 2.48) 0.022 1.70 (1.09, 2.65) 0.02 5.34 (3.23, 8.82) <0.001 0.87 (0.53, 1.41) 0.567

�100 283 2.99 (2.07, 4.32) <0.001 2.37 (1.64, 3.43) <0.001 7.44 (4.78, 11.58) <0.001 0.91 (0.61, 1.36) 0.649

Women

<75 556 1.00 1.00 1.00 1.00

75–79 354 1.31 (0.96, 1.77) 0.082 1.58 (1.10, 2.27) 0.013 1.33 (0.88, 2.00) 0.17 0.86 (0.65, 1.13) 0.281

80–84 403 1.35 (1.01, 1.81) 0.04 1.31 (0.91, 1.88) 0.136 1.44 (0.97, 2.14) 0.067 0.81 (0.61, 1.06) 0.13

85–89 295 1.51 (1.10, 2.08) 0.011 1.47 (1.00, 2.16) 0.047 1.85 (1.22, 2.81) 0.004 0.75 (0.55, 1.03) 0.076

90–94 275 2.03 (1.46, 2.82) <0.001 1.54 (1.04, 2.27) 0.031 2.51 (1.66, 3.82) <0.001 0.73(0.53, 1.01) 0.059

�95 470 2.98 (2.20, 4.02) <0.001 2.64 (1.88, 3.71) <0.001 3.51 (2.41, 5.12) <0.001 0.91 (0.68, 1.21) 0.514

Note: Adjusted for age, smoking and drinking. OR = odds ratio, CI = confidence interval.

doi:10.1371/journal.pone.0148976.t004
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Fig 2. ROC curve of waist circumference to detect the existence of at least two other components of
MetS in Kazakhs based on the JIS (2009) in men.

doi:10.1371/journal.pone.0148976.g002

Fig 3. ROC curve of waist circumference to detect the existence of at least two other components of
MetS in Kazakhs based on the JIS (2009) in women.

doi:10.1371/journal.pone.0148976.g003
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the age-standardized prevalence of MetS in the Kazakhs was 13.8% (ATPIII), 20.9% (IDF), and
24.8% (JIS). The prevalence rate was higher than that of the national level in China (18.2%,
IDF)[7] and Japan(7.8%, ATPIII)[20], almost double that in a rural low-income Africa region
(11.0%, IDF)[21], and lower than that in Spain (33.2%, JIS) [22] and the USA (34.3%, JIS) [23].

The Kazakhs’ dietary patterns, physical activities, medical environments, and genetics fac-
tors are strongly associated with the high prevalence of MetS. Kazakh herdsmen maintain a
nomadic diet. They consume greater amounts of dairy foods (over 200 g), meat and flour, and
less vegetables, beans, and even without sea foods compared with the Hans in the same region
[24].They take simple food such as snacks and dairy foods as their breakfast and lunch, and
they take the rich food such as meat and noodles as their dinner. They have too much high-cal-
orie foods but they almost have no physical activities except their daily work. What’s more,
they seldom receive health care due to lack of medical resources. Genetic studies revealed that
Kazakhs have a mixture of Mongolian and Caucasian backgrounds[25], which may explain, at
least in part, the genetic influence on the studied Kazakhs, whose prevalence for MetS is higher
than that of other Asians (Han Chinese and Japanese) but lower than that of Europeans (His-
panics and American). These factors mentioned above increased the Kazakhs’ risk of develop-
ing the MetS.

Many studies have found that the prevalence of MetS increases with age without an inflec-
tion point [23, 26, 27]. Although the prevalence of MetS in Kazakhs also increases with age, it
appears to decrease after 65 years old. The reason for this was that a large number of patients

Table 5. Sensitivity, specificity, and ROC curve distance for detecting clusters of at least twometabolic risk factors (based on the JIS) for each
cut-off value of waist circumference.

Waist circumference (cm) Men Women
sensitivity (%) specificity (%) ROC curve distance sensitivity (%) specificity (%) ROC curve distance

�75 92.0 16.8 0.84 81.3 31.4 0.71

�76 90.6 19.5 0.81 78.7 34.9 0.68

�77 89.1 22.2 0.79 76.4 37.4 0.67

�78 87.0 26.0 0.75 73.9 41.1 0.64

�79 85.2 28.1 0.73 71.4 44.0 0.63

�80 82.4 33.8 0.68 67.3 50.3 0.59

�81 79.8 36.6 0.67 65.1 53.6 0.58

�82 76.1 41.4 0.63 62.5 56.3 0.58

�83# 74.3 44.4 0.61 60.0 59.6 0.57#

�84 72.4 48.1 0.59 56.3 62.6 0.58

�85 69.3 52.5 0.57 52.5 65.3 0.59

�86 66.5 54.9 0.56 50.8 68.7 0.58

�87 64.4 58.5 0.55 49.8 71.3 0.58

�88※ 61.1 62.1 0.54※ 46.9 73.6 0.59

�89 58.3 64.4 0.55 43.8 75.3 0.61

�90 54.3 70.3 0.55 40.1 79.4 0.63

�91 51.5 72.0 0.56 38.2 81.0 0.65

�92 48.5 74.7 0.57 36.1 83.4 0.66

�93 46.3 77.2 0.58 33.3 84.9 0.68

�94 42.8 80.3 0.60 31.1 86.3 0.70

�95 40.0 82.1 0.63 27.7 88.0 0.73

# = the optimal cut-off point of waist circumference for women.
※ = the optimal cut-off point of waist circumference for men.

doi:10.1371/journal.pone.0148976.t005
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died before 65 due to the high mortality related with cardiovascular diseases in the Kazakhs
[28, 29]. Previous studies have shown that MetS in Chinese women is more common than that
in men [7, 30]. Our study also found that the prevalence in female Kazakhs was higher than in
men using all of the criteria. We found an interesting trend in which the discrepancy between
women and men decreased from ATP III to IDF and IDF to JIS. The biggest difference between
these three criteria is the cut-off point of waist circumference to diagnose MetS. This difference
indicated that waist circumference had a large influence on the prevalence of MetS. We found
a dose-response relationship between waist circumference and MetS components, including
elevated blood pressure, raised fasting plasma glucose, and elevated triglycerides in Kazakhs.
Particularly, elevated blood pressure was intensely correlated with waist circumference. This
evidence shows the benefit of screening for hypertension, which is the most common disease
and the most substantial threat to Kazakhs [10, 31]. Therefore, using waist circumference as a
screening tool to identify MetS in Kazakhs may prevent and help control hypertension.

In the diagnostic criteria for MetS, the cut-off point of waist circumference has been
debated. A widely used criterion in ATPIII defined 102 cm in men and 88 cm in women as the
cut-off points to diagnose MetS, mainly based on data from European descendants [11]. Asians
have less skeletal muscle mass, low bone mineral content, and excess visceral fat for a given
waist circumference [32–35]. Therefore, the IDF criterion suggests the cut-off values of waist
circumference to be 90 cm in men and 80 cm in women in China [5]. However, this criterion is
mainly based on the data from the southern part of China, which may not be appropriate for
all Chinese. A Chinese national survey [36] including 239972 participants suggests that the
appropriate cut-off values of waist circumference for Chinese adults are 85 cm in men and 80
cm in women. Another study involving 101,510 employees in Tangshan city in the central
north area of China suggests that the cut-off values are 86.5 cm for men and 82.1 cm for
women [37]. Nevertheless, all of the participants of these studies were mainly Hans, and few
studies have explored the cut-off points of waist circumference for Chinese minorities espe-
cially the Kazakhs.

Therefore, the current study intends to supply data on the cut-off values of waist circumfer-
ence to diagnose MetS in Kazakhs. We found that the average waist circumference of Kazakhs
was 5 cm larger than the cut-off value of waist circumference of Hans [16]. This finding
explained that the cut-off points in Kazakhs may be higher than that in Hans. In our research,
ROC curve analysis indicated that 88 cm for men and 83 cm for women were the optimal cut-
off points in Kazakhs, which were larger than that in Hans [36, 37]but lower than that in the
Uygur minority [38]. A study of 31,076 Korean adults shows that the cut-off values detecting
MetS are 83 cm in men and 76 cm in women[39]. Another Japanese study advises that the cut-
off point of waist circumference for diagnosing MetS should be 85 cm in men and 78 cm in
women[40].It is interesting to note that the cut-off values of Kazakhs are higher than the above
reported values from the Asia population but lower than those of a European descendant popu-
lation [41]. This result is consistent with the status of MetS prevalence in Kazakhs.

Most Kazakhs’ agglomerations are located in the remote mountainous area in the far north-
west of China. It is difficult to seek medical advice due to the inconvenience of travel and defi-
ciency of medical service resources. Therefore, waist circumference as a simple and cost-
effective screening indicator is a perfect choice for Kazakhs to detect MetS early. Additionally,
it contributes to detecting the high-risk group of hypertension cases given the significant corre-
lation of waist circumference and hypertension in Kazakhs.

Although the participants of our study live in low-income rural communities, the preva-
lence of MetS is higher than the national level. Given the strong correlation between waist cir-
cumference and other components of MetS, we suggest a simple, cost-effective screening
strategy for MetS in Kazakhs: measure the waist circumference and then measure the blood
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pressure, blood glucose, and lipid levels of individuals whose waist circumference exceeds the
cut-off values (88 cm in men and 83 in women) to save medical costs and enhance the utiliza-
tion efficiency of the limited health resources for Kazakh herdsmen. We recommend that this
screening strategy be incorporated into routine health screening in Kazakhs, in whom a large
amount of individuals with MetS could be detected, and they could be offered preventive mea-
sures before they progress to having cardiovascular diseases or type 2 diabetes. Our recommen-
dation would not only help creating appropriate policies in preventive public health but also
would enlighten other low-income minorities’ populations in China and even in the world.

A limitation of our study is its cross-sectional design. However, it is a representative and
large sample of the general population of Kazakhs in China. There are few studies of Kazakhs
that have explored the optimal cut-off values of waist circumference. Our observations will
provide valuable data for establishing ethnic-specific thresholds of waist circumference to diag-
nose MetS.
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