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Abstract
A growing number of studies show that different countries and populations require different
cut-off points for body mass index (BMI), and waist circumference (WC) leading to obesity. There
are no data on optimal cut-off points to metabolic syndrome (MS) among urban residents in Ningxia. Our aim is to determine the appropriate cut-off points for BMI and WC associated with elevated prevalent MS risk among urban residents in Ningxia. A total of 2500 urban residents in
Ningxia were examined from May 2008 to March 2009 in a community-based cross-sectional study.
Height, body weight, waist circumference and hip circumference were measured to calculate BMI.
Fasting blood glucose (FBG), plasma levels of triglyceride (TG), total cholesterol (TC), and highdensity lipoprotein cholesterol (HDL-C) were examined using a blood glucose meter and the chromatographic enzyme method. BMI and WC were measured to assess overweight or obesity. Of
these, 301 subjects were chosen according to metabolic syndrome diagnosis standards to form the
case group. The control group comprised 301 healthy people without diabetes, hypertension,
hyperlipemia, coronary heart disease, cerebrovascular disease, malignant tumors or chronic infections. Logistic regression and receiver-operating characteristic (ROC) curve analyses were used
to determine optimal cut-off points for BMI and WC in relation to the area under the curve (AUC),
sensitivity and specificity. The optimal cut-off points for male and female respectively were 24.78
kg/m2 (sensitivity = 0.879, specificity = 0.648) and 24.72 kg/m2 (sensitivity = 0.804, specificity =
0.767) for BMI, 85.95 cm (sensitivity = 0.701, specificity = 0.641) and 78.25 cm (sensitivity = 0.804,
specificity = 0.528) for WC. Urban residents in Ningxia were at high risk of MS, and the cut-off
points for BMI and WC were lower than the data currently recommended in Asian population.
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1. Introduction

With the development of economy and improvement in the living standards, the aging of populations, the spectrum of diseases and the causes of death are increasing. Metabolic syndrome (MS) is a condition that promotes
atherosclerosis and increases the risk of cardiovascular disease and diabetes mellitus [1]-[3]. The core of MS is
insulin resistance. Obesity and being overweight are important factors causing insulin resistance [4]. The World
Health Organization (WHO) recommends the use of pre-specified cut-off points for BMI and WC to standardize
comparisons within and between populations [5]. WHO states that a body mass index (BMI) of 25 - 29.9 is
overweight; a BMI of ≥30 is obese, and a waist circumference (WC) of ≥94 cm for males and ≥80 cm for females is obese [6]. Currently such cut-off points are derived from studies among European populations and thus
may not be applicable to other ethnic groups [7] [8]. A growing number of studies show that different countries
and populations require different cut-off points as indicators for detecting MS [9]-[11]. For example, some studies suggest that Asian populations manifest MS risk factors at lower levels of BMI and WC than Western populations, owing in part to a higher percentage of body fat [12] [13].
The Ningxia Hui Autonomous Region is located in the upper reaches of the Yellow River, western China.
Because of lack of information on indicators and cut-off points when screening for metabolic syndrome in city
dwellers, China is unable to apply these measures to people living in urban and undeveloped area such as Ningxia province. To provide a scientific basis for the screening and prevention of metabolic syndrome in Ningxia
we investigated the indicators for detecting metabolic syndrome in Ningxia city residents, and determined appropriate cut-off points.

2. Materials and Methods
2.1. Study Population
The study was for a chronic disease and the nutrition survey was carried out in the province of Ningxia, China.
Data was collected from May 2008 to March 2009 and stratified cluster sampling was used. First, five regions
(Shizuishan city, Yingchuan city, Zhongwei city, Qingtongxia city and Guyuan city) with different levels of
economic income in Ningxia were selected, and then one community was randomly selected in each region. The
sampling database was based on the age-ethnic distribution for Ningxia province (Census 2005). The target
group was all composed of Ningxia natives aged ≥25 years who resided in Ningxia for at least four generations.
In total, 2500 people were enrolled in the study. The ethics committee of Ningxia Medical University approved
all study protocols, and all subjects provided written informed consent.
All participants were interviewed by trained people with a standard closed question survey. Subjects did not
report chronic viral infection, cold or flu, acute respiratory infection, dental problems, or any type of surgery in
the week preceding the study. Following the International Diabetes Federation (IDF 2005), a participant was defined as having metabolic syndrome if obese (waist circumference ≥90 cm for Chinese men or ≥80 cm for Chinese women) and satisfied at least two of the following: 1) triglyceride (TG) level of ≥1.7 mmol/L; 2) reduced
High-density lipoprotein (HDL-C) levels of <1.03 mmol/L in men, and <1.29 mmol/L in women; 3) raised systolic or diastolic blood pressure of 130/85 mmHg or higher, or previously diagnosed hypertension; and 4) a
raised fasting plasma glucose (FBG) level of 5.6 mmol/L or higher, or previously diagnosed type 2 diabetes
mellitus. From our sample, 301 people were defined as having metabolic syndrome according to the International Diabetes Federation standard. With gender, age, and area by 1:1 matched, 301 healthy people without diabetes, hypertension, hyperlipemia, coronary heart disease, cerebrovascular disease, malignant tumors or chronic infections were selected as the control group. Meanwhile they must abide by the inclusion and exclusion criteria, and informed consent. The two groups were similar in age and other characteristics.

2.2. Anthropometric and Biochemistry Characterization
Standing height was measured once using a portable ruler. Body weight was measured once using scales. BMI
was calculated as kg/m2. Obesity was defined as a BMI ≥ 30 according to WHO standard guidelines [5]. Arterial
blood pressure was measured three times in the sitting position. All participants were at rest for at least 30 min
before measurements. Patients with average blood pressure (≥140/90 mmHg) or taking antihypertensive medication were classified as hypertensive. Blood samples were collected from the antecubital vein between 06:0008:00 h, after 10 h of fasting and no alcohol. Two sets of fasting blood samples were collected from each subject
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in sodium fluoride potassium oxalate tubes (for glucose) and lithium heparin vacuum tubes (for lipids). Samples
were centrifuged at the survey site, and plasma was transferred to separate tubes and labeled and transferred
immediately in cold boxes filled with ice (2˚C - 8˚C). Samples were frozen at −20˚C for further analysis. Fast
blood sugar, HDL-C and TG levels were measured using the chromatographic enzyme method (OLYMPUS
Automatic Biochemical Analyzer, AU400). The intra and inter-assay coefficient of variation for cholesterol and
triglycerides did not exceed 4%. Hypercholesterolemia was defined as total serum cholesterol levels ≥ 5.72
mmol/L. Blood glucose levels were measured immediately after on-site collection with a Blood Glucose Meter
(Life Scan, Milpitas, USA).

2.3. Data Analysis
All questionnaires were proofread comprehensively prior to data entry. Illogical data and missing data were verified and supplied. All data were input into EpiData and then exported into SPSS (version 13.0 SPSS Corp,
College Station, NX) used for all statistical analysis. Continuous variables were presented as mean values ±
standard deviation and categorical variables are presented as absolute and relative frequencies or prevalence. Indicators for metabolic syndrome were compared using t-tests and demographic characters were compared using
chi-square tests and t-tests. Multivariate logistic regression analysis was applied to control influencing factors
and the screening threshold of indicators was determined by receiver operating characteristic (ROC) curves. All
reported p values are based on two-sided tests with a significance level of 5%.

3. Results
3.1. Sample Characteristics
Six hundred and two adults were studied. In the case group, 301 cases were diagnosed according to the diagnostic criteria for metabolic syndrome. There were no significant differences in age among adults in both groups
(Table 1). Except for education and smoking, there were no significant difference for gender, nationality, and
female drinking in both groups.

3.2. Measurement of Indicators for Metabolic Syndrome in Both Groups
The subjects had higher overall mean BMI, WC, SBP, DBP, FBS, TC, TG, and LDL-C levels in case group,
whereas the subjects had significantly higher mean HDL-C in control group (all p < 0.05) (Table 2).
Table 1. Characteristics of case and control groups.
Case group

Control group

t/χ2

p

55.02 ± 0.82

49.95 ± 0.78

−1.815

>0.05

Male

157

142

1.599

0.206

Female

144

159

Han

251

264

Hui

39

28

2.185

0.335

Other

10

9

Primary and below

151

106

Junior middle school

95

130

13.886

0.01

High school and above

54

64

Never

177

166

Sometime

59

102

Every day

49

28

22.563

0.00

Quitted smoking

15

5
0.017

0.896

Characters
Age
Gender

Nationality

Education

Smoking

Drinking

Yes

66

68

No

232

233
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3.3. Multivariate Logistic Regression Analysis of Metabolic Syndrome
We assigned metabolic syndrome as the dependent variable and related indexes, such as WC, blood pressure,
smoking and education as independent variables. The results show that except for smoking and blood sugar,
other indicators were associated with metabolic syndrome (p < 0.05) (Table 3).

3.4. ROC Curves of Indicators for Metabolic Syndrome
ROC curves of the eight indicators with metabolic syndrome were calculated (Figure 1). The results show that
in addition to the curve for FBS, other curves were located on top of the baseline (p < 0.05). The areas below the
curves of BMI, TG, WC and TC were bigger than other areas. Therefore, BMI, TG, WC and TG are priority indicators for screening of metabolic syndrome (Table 4). As screening indicators of metabolic syndrome, the
cut-off points for BMI was 24.78 kg/m2 for males (sensitivity = 0.879, specificity = 0.648), and 24.72 kg/m2
(sensitivity = 0.804, specificity = 0.767) for females. The cut-off point for WC was 85.95 cm (sensitivity =
0.701, specificity = 0.641) for males and 78.25 cm (sensitivity = 0.804, specificity = 0.528) for females (Figure
2 and Figure 3).

4. Discussion
Univariate and multivariate analysis showed that BMI, WC, systolic blood pressure, diastolic blood pressure,
blood glucose, total cholesterol, triglycerides and high density lipoprotein can be used as screening indicators of
MS. The areas below the ROC curves of BMI, TG, WC and TC were bigger than those of other indicators. BMI,
TG, WC and TC should be prior indicators for screening metabolic syndrome. TG and TC are biochemical indicators, and BMI and WC are physical indicators. However, measurement of BMI and WC are simple and rapid
and therefore are more suitable for metabolic syndrome screening.
Table 2. Indicators of metabolic syndrome between case and control group ( X ± S).
Indicators

Case group

Control group

t

p

BMI (Kg/m )

27.10 ± 3.96

23.31 ± 3.92

−11.731

<0.01

WC (cm)

88.02 ± 10.18

81.28 ± 9.95

−8.202

<0.01

SBP (mmHg)

139.80 ± 23.23

126.08 ± 18.42

−8.01

<0.01

DBP (mmHg)

86.87 ± 12.97

79.62 ± 10.51

−7.52

<0.01

2

FBS (mmol/l)

6.03 ± 1.55

5.49 ± 0.58

−5.67

<0.01

TC (mmol/l)

4.61 ± 1.25

3.82 ± 1.17

−8.002

<0.01

TG (mmol/l)

2.46 ± 1.58

1.40 ± 1.02

−9.81

<0.01

HDLC (mmol/l)

1.23 ± 0.45

1.10 ± 0.37

−3.95

0.024

Table 3. Multi-logistic analysis of metabolic syndrome.
Indicator

B

S.E.

X2

p

OR

OR 95% CI

Smoking

−0.101

0.142

0.509

0.475

0.904

0.685 - 1.193

−0.169

0.059

8.120

0.004

0.844

0.751 - 0.949

0.242

0.034

49.234

0.000

1.274

1.190 - 1.363

Education
2

BMI (kg/m )
WC (cm)

0.087

0.022

15.093

0.000

1.091

1.044 - 1.140

SBP (mmHg)

−0.064

0.022

8.381

0.004

0.938

0.899 - 0.980

DBP (mmHg)

0.029

0.008

11.437

0.001

1.029

1.012 - 1.046

FBS (mmol/l)

0.018

0.014

1.553

0.213

1.018

0.990 - 1.047

TC (mmol/l)

−1.376

0.244

31.875

0.000

0.253

0.157 - 0.407

TG (mmol/l)

1.076

0.152

50.200

0.000

2.934

2.179 - 3.952
3.314 - 15.227

HDLC (mmol/l)

1.961

0.389

25.403

0.000

7.104

Constant

−18.894

1.977

91.287

0.000

0.000
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Table 4. Areas under ROC curves for eight indicators used in metabolic syndrome screening.
Indicators

Areas

SE

p

95% CI

BMI

0.796

0.019

0.000

0.758 - 0.833

WC

0.693

0.022

0.000

0.651 - 0.735

SBP

0.682

0.022

0.000

0.639 - 0.725

DBP

0.677

0.022

0.000

0.634 - 0.721

FBS

0.624

0.024

0.000

0.576 - 0.671

TC

0.692

0.021

0.000

0.650 - 0.734

TG

0.769

0.019

0.000

0.731 - 0.807

HDLC

0.590

0.023

0.000

0.545 - 0.636

Figure 1. ROC curves of eight indicators for metabolic syndrome screening.

Figure 2. ROC curves of BMI and WC for metabolic syndrome screening of urban male residents
in Ningxia.
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Figure 3. ROC curves of BMI and WC for metabolic syndrome screening of urban female
residents in Ningxia.

Studies have confirmed that BMI and WC are closely linked with the occurrence and development of metabolic syndrome [7] [11]. BMI is the most widely used indicator of body fatness and been applied to both public
health and clinical practice. In the context of national and international health care, BMI cut-offs are applied to
population data to compare rates of overweight and obesity, develop policy, prevent programs, and assess the
benefit of interventions. In a clinical context, BMI measurements are used to identify individuals at risk of
co-morbidities, and in conjunction with other clinical variables to determine treatment regimes and monitor the
effects of treatment [10].
The WHO recommends the use of pre-specified cut-off points for BMI and WC to standardize comparisons
within and between populations [5]. Currently such cut-off points are derived from studies among European
populations and thus may not be applicable to other ethnic groups [8] [14]. Indeed, some studies suggest that
Asian populations manifest metabolic syndrome risk factors at lower levels of BMI and WC than Western populations [12] [13].
Based on sensitivity, specificity and ROC curve analysis, BMI values of 24.78 kg/m2 (men) and 24.72 kg/m2
(women) and WC values of 85.95 cm (men) and 78.25 cm (women) appear to best characterize high metabolic
syndrome risk among people in Ningxia. These suggested cut-off points are consistent with other studies. For
example, a BMI of >23.2 kg/m2 in Omani Arabs [15] [16], ≥25 kg/m2 in Japan [9] and 27 kg/m2 in Indonesia [17]
was found to categorize obese individuals best in relation to high prevalent metabolic syndrome risk. Similarly,
the reported cut-off points for WC range from 102 cm for American men [8], to 94 cm for Europeans [18], 84.5
cm for Omani Arabs [15], and 85 cm for Tunisians [16] and Japanese [9]. The corresponding figures among
women are 88 cm for Americans [8], 80 cm for Europeans [10], Omani Arabs [15] and Asians [9], 85 cm for
Tunisians [19] and 90 cm for Japanese [9]. For adults in China, the male WC cut-off points is ≥93 cm and female WC is ≥89 cm [14]. Last, a male WC of ≥85.0 cm and female WC of ≥80.0 cm have been proposed as
cut-off points of metabolic syndrome for identifying MS in the middle-aged and elderly in an urban community
of Shanghai, China [11] [20].
Studies have shown that 60% of the global burden of metabolic syndrome occurs in developing countries, and
it is the leading cause of disability in the world. As Ningxia is an ethnic minority region in China, it is important
to increase the monitoring of WC for MS. Monitoring will benefit from the prevention and treatment of obesity
and MS. The results of the present study will now be validated using a larger sample size, and the cut-off points
for BMI and WC for Hui populations will be determined. However, our study has a few limitations. It relates the
risk of MS to BMI and WC in a cross-sectional setting using the occurrence of established risk factors as a
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proxy risk estimate. This indicates the need for prospective studies that relate anthropometric measures to the
incidence of diabetes, hypertension, dyslipidaemia and clinical MS.

5. Conclusion
We conclude that the two cut-off points for BMI and WC are lower in urban residents in Ningxia than the data
currently recommended in Asian population. We encourage the use of these cut-off points when considering urban residents individuals in relation to their MS status. Prospective studies are needed to assess the incidence of
diabetes, hypertension, dyslipidaemia and clinical MS.
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